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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 limnit, 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 ratto > 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

ES-1
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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.
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LIST OF TERMS

Best Basis Inventory

buoyant displacement gas release event

Barometric Pressure Effect

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

lower flammability limit

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
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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 significantly increase the flammable
gas concentration in tank headspace as described in RPP-7771, Flammable Gas Safety Issue
Resolution. Appendices A through L 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 ammonia is pronounced only when
a free liquid surface is freshly exposed or agitated.

Direct measurements of retained gas are not available for most tanks. Estimates of the amount of
retained gas stored in each DST and SST were made based on two indirect methods provided in
WHC-SD-WM-ER-526, Evaluation of Hanford Tanks for Trapped Gas. Only 58 of the

177 SSTs and DSTs were determined to have trapped gas by the barometric pressure effect
method and, of these, only 15 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, greater than 9% of the solid waste volume. (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

1-1
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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 BDGREs were observed in six of the DSTs (241-AN-103,
241-AN-104, 241-AN-105, 241-AW-101, 241-SY-101, and 241-SY-103). Data regarding the
physics of GRE in the tanks is provided in Pacific Northwest National Laboratory (PNNL)
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 GREs 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
GREs in 241-SY-101, prior to remediation, was every 80 to 150 days, RPP-6517. In contrast,
the total retained gas volumes and corresponding release fractions as determined from the
maximum observed gas release are given for the other five GRE DSTs based on Void Fraction
Instrument {VFI) and Retained Gas Sampler (RGS) data for these tanks as follows:

Total Retained Gas
Tank Volume Release Fraction
(Std. m®)
241-AN-103 393+64 0.02
241-AN-104 259+48 0.07
241-AN-105 202+68 0.15
241-AW-101 153+38 0.19
241-8Y-103 198+86 0.12

The uncertainties for the total retained gas volumes represent a 95% confidence bound. The
release fractions were calculated by dividing maximum observed hydrogen release by retained
hydrogen volume (RPP-7771, Flammable Gas Safety Issue Resolution). 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 SST's 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

1-2



RPP-10006 REV 1

small release volume of tens of cubic feet of hydrogen and no release in the SSTs has been
observed with the “classic” BDGRE properties as described in RPP-7771 and RPP-7249, Data
and Observations of Single-Shell Flammable Gas Watch List Tank Behavior. The variation in
gas release volumes and fractions within the same tank are a good indication of tank waste
inhomogeneity and supports the use of uncertainty distributions for the modeling of this type of
behavior.

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

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

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

e 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).

e 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.

o 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).

1-3
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2.0 WASTE GROUP SELECTION CRITERIA

2.1  CRITERIA USED TO ASSIGN TANKS TO A WASTE GROUP

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

« 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 flammable 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.

Retained Gas Volume Criterion: VGwneL < VGLrL

VGW'NCL = HWNCL * VFWNCL * A * PWNCL * TVS (1)
latm. TancL
where:
9.806—
PWNCL. =latm + —Se;:);_ * {pCL * [HCL + Hc ]+ [0-5 * Pwnce * (2 * HTNCL - HWNCL)]} (2)
101,325—
arm.
_ FCH 4 _ FNH 3
Fin *(1 %Ll on: ~ % LEL w3
VG, =V * 3)
l::WNCL
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FreL
Fnus

FwneL
Hc
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HwneL
PwneL

Tvs

TwncL
Vvs

VFwncL
VG,

VGwneL

% LFLcus
%6 LFLNs
PcL

PwneL
Notes:
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cross sectional area of the tank (m?)

methane concentration in the headspace following gas release
(volume %)

hydrogen concentrations at 100% LFL (4.0 volume %)

ammonia concentration in the headspace following gas release
(volume %)

retained hydrogen gas concentration in the saturated settled solids
layer (volume %)

height of the crust layer (m)

height of the liquid (convective) layer (m)

height of total settled solids (non-convective) layer (m)

height of liquid saturated (wetted) non-convective layer (m)
calculated representative retained gas pressure in saturated settled
solids layer (atm)

representative temperature of headspace of waste tank (K)
representative temperature of wetted settled solids layer (K)
volume of headspace of waste tank (m3)

representative void fraction in saturated settled solids layer
calculated volume of gas from saturated settled solids layer required
to produce 100% LFL in headspace of waste tank (m*)

calgulated volume of gas retained in the saturated settled solids layer
(m”)

methane concentration at 100% LFL (5.0 volume %)

ammonia concentration at 100% LFL (15.0 volume %)

density of convective layer (kg/m3)

density of wetted non-convective layer (kg/m®).

Temperatures used are the maximum temperatures recorded over the
previous 12 months within the solid waste or within the vapor space as
appropriate.

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

Uncertainty distributions are utilized to account for the scatter of retained
gas volumes in the waste and uncertainty in the solid volumes. Void
fraction distributions are based on all available VFI data, RGS data, and
appropriate Barometric Pressure Effect (BPE) data.

o Energy Ratio: The presence of a significant supernatant layer introduces the possibility
of BDGREs. 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.

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

2-2
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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 a 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.

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, o *y*101325—2- 1
ER = A bl |4 = e In{l+y)-1 4)
(I_NBWNCL)*TWNCL *E, Y
where:
9.806 —
_{ Pa*Hy sec’
= ( 1atm ] Pa ©)
' 101325——
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
Fuwner = retained hydrogen gas concentration in the saturated settled solids layer
Hcr height of the liquid (convective) layer
NBwncr = 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)
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Pascal

density of convective layer

calculated ratio of pressure head of convective layer in a waste tank to
the headspace pressure, which is assumed to be one atmosphere
representative yield stress of wetted non-convective layer (Pa)

g = Strain at failure (assumed to be 1).

e 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
BDGREs (PNNL-13337). If the average void fraction in the saturated settled solids layer
of waste is less than the neutral buoyant void fraction, a BDGRE cannot occur.
Conversely, an average void fraction greater than the neutral buoyant void fraction
predicts that 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 BDGRE:s 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
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.

Buoyvancy Ratio Criterion: BR < 1.0

CE G *T
BR ={p -p ]* T *Huna v
wne, — Po Fane * (10]3253“1_l ]* Pynew

2-4



RPP-10006 REV 1

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)

Fwnce =  retained hydrogen gas concentration in the saturated settled solids
layer

Gwner =  hydrogen generation rate in saturated settled solids layer
(moleslm3/day).

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

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

Twnc =  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
fractton™ 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.

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.
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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 BDGRESs, and the diamonds indicate tanks that
do not have BDGRESs, 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
properties 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)
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. Finally, since April 2000, when

DST 241-SY-101 was remediated, there have been no BDGRE’s observed in DST 241-SY-101.
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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 1s 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 ft* 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 241-8Y-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). For this document, a re-
evaluation of the waste configuration within the tank was performed. 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).

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
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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 241-5Y-101
performed during the transfer and dilution activities would have degassed the waste, it 1s
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 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.
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2.4  APPLICATION OF DATA TO SLUDGE TANKS

In 1996 PNNL-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 expetience at
Hanford, BDGRESs 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 %18 % C Ratio Ratio Ratio Ratio Ratio
{minimum)| (mean) | (95% CL) | (mean)| (95% CL)
AW-106 1.0 0.3 98.6 .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.
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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-755, 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 SpGr*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
SpGL*Hs 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 SpG*Hs for DST 241-AW-103 is 159 in. at a 95%
confidence level. This change in the value for SpG*H; 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.
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Table 2. Estey Criteria Inputs and Results*.

Tank (Il-::;) {I;Ilf) SpG ' Sp((;i:i)* Hs SpG L;EII;IS+HC) 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 14 69 69 69
AP-101 0 0 0.99 0 0
AP-102 0 1.2
AP-103 0 0 1
AP-104 0 0 1.03
AP-105 56 0 1.33 74 74 74
AP-106 0 1
AP-107 0 0 1.01 0
AP-108 0 0.99 0
AW-101 | 125 51 1.54 193 271 232
AW-102 20 ¢ 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 1.1 39 39 39
SY-101* | 220 47 1.49 328 398 363
SY-102 26 o 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.
"1 — Specific gravities do not necessarily reflect current tank conditions, especially in active tanks,
2 - 3Y-101 is in pre-remediation condition.

*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.




RPP-10006 REV 1

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

Tank (Iiils) (I;Ilf) SpG ! Sp((ii;)*Hs
AN-101 0 92 1.17 0
AN-102 32 362 1.43 46
AN-103 149 164 1.45 216
AN-104 159 207 1.44 230
AN-105 177 215 1.43 253
AN-106 6 8 1.18 7
AN-107 90 288 1.37 123
AP-101 0 404 131 0
AP-102 395 1.20 0
AP-103 102 1.31 0
AP-104 0 403 1.25 0
AP-105 32 380 1.35 44
AP-106 226 1.26 0
AP-107 356 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 99
AW-106 87 22 132 115
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-103 113 148 1.47 166

Notes:

BDGRE = bucyant displacement gas release event.
BDGRE Tanks are Denoted in Bold.
1 ~ Specific gravities do not necessarily reflect current tank conditions,
especially in active tanks.

2 - 8Y-101 is in pre-remediation condition.
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Figure 2. Comparison of the Estey Criteria for Selected Double-Shell Tanks.
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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 is of

little value.

Figure 3. Comparison of Specific Gravity for Selected Double-Shell Tanks.
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Note: SY-101H refers to the historic (pre-remediation) condition of DST 241-SY-101
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In Figure 3, the circles indicate tanks that exhibit BDGRES, and the squares indicate tanks that
do not have BDGRE:s, but are close to the BDGRE conditions based on recent tank analyses.
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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.

31 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 1s 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
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
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value of 94.43. This is not a significant variance and confirms that 5,000 trials 1s 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 SST 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 classity
this tank as a waste group c tank)
Number of repetitions 50
Number of trials per repetition 5,000
Mean 94.44
Median 04.43
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.

3.2 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
simulation. Crystal Ball can graphically display the forecast distributions as the runs are
performed and then produces a report as desired.

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

2 EXCEL is a trademark of Microsoft Corporation, Redmond, Washington.
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ASSUMPTIONS

The following assumptions are used in this methodology.

Gas releases are instantaneous. Although this assumption is considered to be
conservative, especially in actively ventilated tanks, the conditions of the release timing
are not as important in passively ventilated tanks, where experience indicates that slow
gas releases have a significant impact on headspace flammable gas concentrations.

100% of the gas is released.

BDGRE behavior has been modeled based on small-scale tests with sludge-type
materials. The models have only been validated based on observations on the existing
BDGRE tanks, which are all saltcake/saltslurry tanks. The BDGRE models have not
been confirmed based on behavior in sludge-waste tanks, other than we know that at the
current tank conditions we do not observe BDGRE behavior in these tanks, which
happens to be consistent with the model predictions.

An Energy Ratio (ER) of 3 indicates that a BDGRE is capable of releasing a portion of its
retained gas. Experimental data and tank observations indicate that an Energy ration of 5
or greater is required to produce a significant gas release from a given gob.

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

Assuming that the gas is retained under lithostatic conditions rather than hydrostatic
conditions may produce conservative results (i.e. indicate larger amounts of retained gas).

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

Available void fraction information for sludge tanks with at least 1 m of supernatant is
not sufficient for the creation of a distribution for this tank configuration. The default
void fraction derived for saltcake/saltslurry tanks with 1 m of liquid is assumed to be
conservative for this tank configuration.

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

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

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

4.1 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
analystis 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).

Table 5. Data Source Summary Table. (2 sheets)

Variable Variable type i??;fa::;:;::
Total non-convective waste depth (m) Distribution Ref 7
Wetted non-convective waste depth {m) Distribution Ref7
Convective waste depth (m) Distribution Ref 7
Crust depth (m) Distribution Ref 8
Non-convective waste density (kg/m’) Distribation Ref7
Convective waste density (kg/m”) Distribution Ref7
Non-convective waste average temperature (K) Single point value Ref 6
Tank headspace average temperature (K) Single point value Ref 6
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Table 5. Data Source Summary Table. (2 sheets)

Variable Variable type Primary sonrce

Tank type group Single point value Ref 2
Total tank volume (m*) Single point value Ref 2
Tank operating capacity (m) Single point value Ref2
Tank headspace volume (m’) Single point value Ref2
Dish type Single point value Ref2
Dish height (m) Single point value Ref2
Dish volume (kL) Single point value Ref2
Tank capacity (kL/m) Single point value Ref2
Void fraction or maximum wetted solids void fraction (%) Distribution Ref 4
Non-convective waste yield stress dist (Pa) Distribution Ref 5
Headspace gas ratio CH, dist Distribution Ref 3
Headspace gas ratio N;O dist Distribution Ref 3
Retained gas composition N; (%) Distribution Ref3
Retained gas composition NH; (%) Distribution Ref 3
Hydrogen generation rate in non-convective waste Distribution Ref 6
(moles/m*/day)

Cross sectional area of tank (m®) Single point value Ref2
Notes:

Ref 2, 74B40-99-116, 1999, Tank Volume Adjustments, CHZMHILL Hanford Group, Inc., Richland, Washington,
Ref 3, Appendix ] — Derivation Of Retained Gas Compositions
Ref 4, Appendix K — Derivation Of Void Fraction

Ref 5, Wells, B. E., Jan 24, 2002, Personal Email to S. A. Barker, Pacific Northwest National Laboratory, Richland,
Washington.

Ref 6, RPP-5926, Steady-State Flammable Gas Release Rate Calculation and Lower Flammability Level Evaluation for
Hanford Tank Waste, Rev 2A, CH2MHILL Hanford Group, Inc., Richland, Washington.

Ref 7, Best Basis Inventory, [database accessed November 15, 2001], internet address:  http://twins.pnl.gov: 8001,

Ref 8, RPP-6655, 2000, Data Observations On Double-Shell Flammable Gas Watchlist Tank Behavior, Rev 0, CHZMHILL
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. PNNL reported yield stress for five tanks (DSTs 241-AN-103, 241-AN-104,
241-AN-105, 241-AW-101, 241-SY-103, and 241-SY-101 [pre-mitigation]) based on in situ ball
rheometer testing (RPP-6655). A suitable distribution for yield stress based on this data was
suggested by PNNL (Appendix G) (see also discussion below). 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). 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 Appendices I — Derivation Of
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Retained Gas Compositions and K — Derivation Of Void Fraction. Information from these
appendices 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.
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5.0 RESULTS OF CALCULATIONS

An evaluation of the SSTs and DSTs at the Hanford Site has been completed using the
methodology presented in Section 3.0, 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:

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

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.

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 point 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
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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.

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

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.

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.

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.

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.

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.

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.

Table 6. Determination of Classification. (6 sheets)

AsTs Type Catt(zg:);'y A Catt(eg;,))ry B Catt(:ﬁz)ry C C‘;ﬁ: iltsi:n
241-AN-101 DST 0.0 0.0 100.0 C
241-AN-102 DST 0.0 1.1 98.9 C
241-AN-103 DST 52.1 479 0.0 A
241-AN-104 DST 01.3 0.0 8.7 A
241-AN-105 DST 97.8 0.0 2.2 A
241-AN-106 DST 0.0 0.0 100.0 C
241-AN-107 DST 3.5 6.2 90.3 B
241-AP-101 DST 0.0 0.0 100.0 C
241-AP-102 DST 0.0 0.0 100.0 C
241-AP-103 DST 0.0 0.0 100.0 C
241-AP-104 DST 0.0 0.0 100.0 C
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As Is Type Cate(:gq:);'y A Catt(agg)ry B Catt(e(gy:r;'y C C‘:::fli I;:n
241-AP-105 DST 0.0 8.6 914 B
241-AP-106 DST 0.0 0.0 100.0 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 0.0 A
241-AW-102 DST 0.0 0.0 100.0 C
241-AW-103 DST 0.4 64.5 351 B
241-AW-104 DST 0.0 0.0 100.0 c
241-AW-105 DST 0.0 0.1 999 C
241-AW-106 DST 0.0 0.0 100.0 C
241-AY-101 DST 0.0 0.0 100.0 C
241-AY-102 DST 0.0 0.1 999 C
241-A7-101 DST 0.0 0.1 99.9 C
241-AZ-102 DST 0.0 1.1 98.9 C
241-58Y-101 DST 0.0 0.0 100.0 C
241-8Y-102 DST 0.0 04 99.6 C
241-8Y-103 DST 3.9 0.3 95.8 C

241-A-101 SST NA 92.4 7.6 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 58T NA 0.0 100.0 C
241-A-106 SST NA 0.0 100.0 C
241-AX-101 SST NA 80.7 19.3 B
241-AX-102 S8T NA 0.0 100.0 C
241-AX-103 SST NA 0.0 103.0 C
241-AX-104 SST NA 0.0 100.0 C
241-B-101 SST NA 0.0 100.0 C
241-B-102 SST NA 0.0 100.0 C
241-B-103 SST NA 0.0 100.0 C
241-B-104 SST NA 5.7 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 2.5 975 C
241-B-108 S8T NA 0.0 100.0 C
241-B-109 S8T NA 0.2 99.8 C
241-B-110 SST NA 2.3 97.7 C
241-B-111 SST NA 1.7 98.3 C
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AsTs Type Cate(:g:)ry A Catt(ag:)ry B Catt(agg)ry C C‘;ﬁfﬁ ﬁ:ﬂ
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 7.7 92.3 B
241-B-203 SST NA 42.6 574 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-BX103 SST NA 0.1 999 C
241-BX-104 SST NA 03 99.7 C
241-BX-105 SST NA 0.0 100.0 C
241-BX-106 SST NA 0.0 100.0 C
241-BX-107 SST NA 4.3 95.7 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 SST NA 1.0 99.0 C
241-BX-112 SST NA 0.7 99.3 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 51.9 48.1 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
241-BY-107 SST NA 59 94.1 B
241-BY-108 S§ST NA 35 96.5 C
241-BY-109 SST NA 243 759 B
241-BY-110 SST NA 284 71.6 B
241-BY-111 SST NA 8.3 91.7 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

241-C-103 SST NA 0.0 100.0 C

241-C-104 SST NA 1.6 08.4 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 1.2 98.8 C

241-C-108 SST NA 0.0 100.0 C

241-C-109 SST NA 0.0 100.0 C
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Table 6. Determination of Classification. (6 sheets)

As Is Type Cat?g:)ry A Catt(agz))ry B Catigg)ry C C‘;ifli Itsi:n
241-C-110 SST NA 0.2 09.8 C
241-C-111 SST NA 0.0 100.0 C
241-C-112 SST NA 0.0 100.0 C
241-C-201 SST NA 0.0 100.0 C
241-C-202 SST NA 0.0 100.0 C
241-C-203 SST NA 0.0 100.0 C
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
241-8-103 SST NA 10.9 80.1 B
241-S-104 SST NA 0.9 09,1 C
241-8-105 SS8T NA 10.8 89.2 B
241-8-106 SST NA 249 75.1 B
241-8-107 88T NA 2.7 97.3 C
241-5-108 SST NA 343 65.7 B
241-5-109 88T NA 294 70.6 B
241-5-110 SST NA 50.0 50.0 B
241-8-111 SST NA 93.9 6.1 B
241-8-112 S8T NA 68.5 31.5 B
241-SX-101 S8T NA 35.6 64.4 B
241-8X-102 SST NA 67.5 325 B
241-8X-103 SST NA 7.0 93.0 B
241-SX-104 SST NA 236 76.4 B
241-8X-105 SST NA 10.4 89.6 B
241-8X-106 SS8T NA 0.0 100.0 C
241-8X-107 SST NA 0.0 100.0 C
241-8X-108 SST NA 0.0 100.0 C
241.8X-109 SST NA 35 96.5 C

241-8X-110 SST NA 0.0 100.0 C
241-8X-111 SST NA 0.0 100.0 C
241-8X-112 SST NA 0.0 100.0 C
241-SX-113 SST NA 0.0 100.0 C
241-8X-114 SST NA 0.0 100.0 C
241-8X-115 S8T NA 0.0 100.0 C
241-T-101 §ST NA 0.0 160.0 C
241-T-102 S8T NA 0.0 100.0 C
241-T-103 SST NA 0.0 100.0 C
241-T-104 SS8T NA 2.7 97.3 C
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As Is Type Cati(ag:))ry A Catt(eg)ry B Catu;g%?;'y C C‘;igsﬁ Itsi:n
241-T-105 SST NA 0.0 100.0 C
241-T-106 SST NA 0.0 100.0 C
241-1-107 SST NA 0.2 99.8 C
241-T-108 SST NA 0.0 100.0 C
241-T-109 SST NA 0.0 100.0 C
241-T-110 SST NA 3.6 94.4 B
241-T-111 SST NA 9.1 90.9 B
241-T-112 SST NA 0.0 100.0 C
241-T-201 SS8T NA 7.8 922 B
241-T-202 SST NA 31 96.0 C
241-T-203 SST NA 15.1 84.9 B
241-T-204 SST NA 15.1 84.9 B
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 a1 99.9 C
241-TX-104 SST NA 0.0 100.0 C
241-TX-105 SST NA 88.9 11.1 B
241-TX-106 SST NA 285 71.5 B
241-TX-107 SST NA 0.0 100.0 C
241-TX-108 SST NA 0.0 100.0 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 85.0 B
241-TX-112 SST NA 84.7 153 B
241-TX-113 SST NA 59.3 40.7 B
241-TX-114 SST NA 46.3 537 B
241-TX-115 SST NA 65.5 34.5 B
241-TX-116 SST NA 90.2 9.8 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 NA 0.0 100.0 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 0.3 99.7 C
241-TY-106 SST NA 0.0 100.0 C

241-U-101 SST NA 0.0 100.0 C

241-U-102 SST NA 247 75.3 B
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Table 6. Determination of Classification. (6 sheets)

AsTs Type Catc(tg:)ry A Catt(ag:))ry B Catl(egz)ry C C‘;ﬁfh I;’;n
241-U-103 SST NA 0.7 99.3 C
241-0U-104 SST NA 0.1 99.9 C
241-U-105 SST NA 59.3 40.7 B
241-U-106 SST NA 5.5 94.5 B
241-U-107 SST NA 73.7 26.3 B
241-U-108 SST NA 86.8 13.2 B
241-U-109 S8T 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-U-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 0.0 100.0 C

Notes:
DST = double-shell tank.
NA = not applicable,
S8T =single-shell tank.

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, 241-AN-105, and 241-AW-101 exhibit
BDGRE behavior and are waste group A tanks. DST 241-SY-103 has properties 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 is classified as a waste group C tank. 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).
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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-SY-101, and 241-SY-103.
Three DSTs, 241-AN-107, 241-AP-105, 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 four remaining DSTs,

241-AN-103, 241-AN-104, 241-AN-105, and 241-AW-101, 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.

Table 7. Waste Group Assignments for Double-Shell Tanks.

Tank | OP° c:ﬁ;iltf:n 10’(1)10::)@1 l(::fggﬁial Tank | Type c::;iiis:n lO,(;{()zﬂogal lgfggﬁial
addition | addition addition | addition
241.AN-101 | DST| C C C | 241-AW-101| DST C C C
241-AN-102|DST| C % C | 241-AW-102 | DST C C C
241-AN-103 | DST| A A A | 241-AW-103| DST B B B
241-AN-104 |DST| A A A | 241-AW-104 | DST C C C
241-AN-105 | DST| A A A | 241-AW-105 | DST C C C
241-AN-106 | DST| € C C | 241-AW-106 | DST C C C
241-AN-107 | DST| B B B | 241-AY-101 | DST C C C
241-AP-101 | DST| C C C | 241-AY-102 | DST C C C
241-AP102 |DST| € 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-AP-105 [DST| B B B | 241-SY-102 | DST C C C
241-AP-106 |DST| C C c | 241-sY-103 | DST C C c
241-AP-107 | DST| C C C
241-AP-108 | DST| ¢ C C

Note:
DST = double-shell tank.

5.1.2 Single-Shell Tanks
As provided in Table 8, 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,
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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 BDGREs and none of the SSTs which could reach
100% LFL in the headspace have energy ratios > 1, therefore, the BDGRE calculation is not

applicable.
Table 8. Waste Group Assignments for Single-Shell Tanks. (3 sheets)
“As Is” 10,000 gal;10,000 gal A Is” 10,000 gal | 10,000 gal
Tank [Type condition HO caustic Tank Type condition H,O caustic
addition | addition addition addition
241-A-101 | 8ST B B B 241-8-110 | SST B B

241-A-102 | SST 241-8-111 | SST

241-A-103 | SST 241-8-112 | SST

241-A-104 | SST 241-SX-101¢ SST

241-A-105 | S8T 241-8X-102 | 88T

241-A-106 | SST 241-8X-103 | SST

241-AX-101| SST 241-SX-104| SST

241-AX-102| 88T 241-SX-105| SST

241-AX-103| SST 241-8X-106 SST

241-AX-104| SST 241-8X-107| S8T

241-B-101 | SST 241-SX-108 | SST

241-B-102 | 88T 241-8X-109) SST

241-B-103 | SST 241-8X-110| SST

241-B-104 | SST 241-SX-111| S8T

241-B-105 | 88T 241-SX-112{ SST

241-B-106 | SST 241-8X-113} SST

241-B-107 | 88T 241-SX-114| SST

241-B-108 | SST 241-8X-115| SST

241-B-109 | SST 241-T-101 | SST

241-B-110 | SST 241-T-102 | SST

241-B-111 | 8§ST 241-T-103 | 88T

241-B-112 | 88T 241-T-104 | SST

241-B-201 | 88T 241-T-105 | 88T

241-B-202 | SST 241-T-106 | SST

241-B-203' | SST 241-T-107 | 88T

241-B-204' | SST 241-T-108 | SST

241-BX-101) 88T 241-T-109 | S5T

241-BX-102| 88T 241-T-110 | SST

241-BX103 | S8T 241-T-111 | SST

241-BX-104( SST 241-T-112 | SST

241-BX-105| SST 241-T-201 | SST

aajnoia(oa|w|Flm el la|a(aleiw|ian|alalajalE(alalain| o
OO0 |OOIE|wimimialiaialaoiaialalwiEaia|aajlalaoiE(a|e|a(fln
Qlalaoalagww(eiw|ialia(aialoa|alm|miaan|alaja|B|ino|alalalo
aleolw|E(a0|alo|aa(aaaaialaoalaa|a{ajla|lw|w|w R Wlw | w
Ol |IO|m|IR(a|a0|jalalaa|alaialalaialaojiaja|la|o|lw|B|w|mie|w|w

241-BX-106| SST 241-T-202 | 88T

nielaislrialaiaaoiaiaiagalalaialalalaiaolaiojOoiOojw|m|s|m|wijw|w
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Table 8. Waste Group Assignments for Single-Shell Tanks. (3 sheets)

“Ag Is” 10,000 gal (10,000 _gal “A I 10,000 gal | 10,000 _gal
Tank |Type condition H?(.) cau.sf:lc Tank Type condition H?‘.) cau's?lc
addition | addition addition addition
241-BX-107| 88T C C C 241-T-203 | SST B B B
241-BX-108| SST C C C 241-T-204 | SST B B B
241-BX-109| SST C C C 241-TX-101| 88T C C C
241-BX-110| SST B B B 241-TX-102| SST C C C
241-BX-111| SST C C C 241-TX-103| SST C C C
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 B 241-TX-107| SST C C C
241-BY-104| SST B B B 241-TX-108( SST C C C
241-BY-105| SST B B B 241-TX-109( SST C C C
241-BY-106] SST B B B 241-TX-110| SST B B B
241-BY-107] SST B B B 241-TX-111] SST B B B
241-BY-108| SST C C C 241-TX-112| SST B B B
241-BY-109| 88T B B B 241-TX-113| SST B B B
241-BY-110| SST B B B 241-TX-114| SST B B B
241-BY-111| 88T B B B 241-TX-115| SST 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 | SST C C C 241-TY-101| SST C C C
241-C-104 | 88T C C C 241-TY-102| SST C C C
241-C-105 | SST C C C 241-TY-103| SST C C C
241-C-106 | 88T C C C 241-TY-104| SST C C C
241-C-107 | 88T C C C 241-TY-105( SST C C C
241-C-108 | SST C C C 241-TY-106( SST C C C
241-C-109 | 88T C C C 241-U-101 | SST C C C
241-C-110 | 88T C C C 241-U-102 | SST B B B
241-C-111 | SST C C C 241-U-103 | SST C C C
241-C-112 | 8ST C C C 241-U-104 | SST C 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
241-C-203 | SST C C C 241-U-107 | SST B 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 | SST C C C
241-8-102 1 SST B B B 241-U-110 | SST C C C
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Table 8. Waste Group Assignments for Single-Shell Tanks. (3 sheets)

“As Is” 10,000 gal|10,000 gal “Ag Is” 10,000 gal | 10,000 gal
Tank |Type condition H;O caustic Tank Type condition H,0 caustic
addition | addition addition addition

241-5-103 | 88T B B B 241-U-111 | 88T B B B
241-5-104 | SST C C C 241-U-112 | SST C C C
241-8-105 | SST B B B 241-U-201 | SST C C C
241-8-106 | SST B B B 241-U-202 | SST C C C
241-8-107 | SST C C C 241-U-203 | SST C C C
241-5-108 | SST B B B 241-U-204 | SST C C C
241-5-109 | SST B B B

Notes:

SST = 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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Calculation Review Checklist.

Calculation Reviewed: &/Cu/ﬂ'ﬁbh /MG&/ Af /4 %Fﬂ.lllﬂm.‘(' 0’( W&ﬁfrm%
Scope of Review: ‘%ﬂenc{ ( j/ C, Monte co.rln S‘W-' b'h"'- vy m‘l‘ rtf“&‘""’-g/

{e.g., ddcument section or portion % &K/
Engineer/Analyst: ﬁlf«lﬁ /4 3! kd/ Date: ?/ 2,?/0 >

Organizational Mgr: f? bnald J. Stedeas /FJMM Sﬁ‘&v])ate / 3‘5‘&)3

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

Yes No NA*

[1 1] . Analytical and technical approaches and results are reasonable and
appropriate.

Necessary assumptions are reasonable, explicitly stated, and supported.
Ensure calculations that use software include a paper printout, microfiche,
CD ROM, or other electronic file of the input data and identification to the
computer codes and versions used, or provide alternate documentation to
uniquely and clearly identify the exact coding and execution process.

. Input data were checked for consistency with original source information.
5. For both qualitative and quantitative data, uncertainties are recognized and
discussed.

Mathematical derivations were checked including dimensional consistency of
results,

:

W

1 []
1[I

= r— — p—
[N
p—
] bl

—

(S

=, +

N

I1 7. Calculations are snfficiently detailed such that a technically qualified person

can understand the analysis without requiring outside information.

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

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

[1 [] 10. Conclusions are consistent with analytical results and applicable limits.

[1 I1 11. Results and conclusions address all points in the purpose.

[1 11 12. Referenced documents are retrievable or otherwise available.

[1 I 13. The version or revision of each reference is cited.

[1 11 14. The docurnent was prepared in accordance with Attachment A, “Calculation

Format and Preparation Instructions.”
[1 [1 15. Al checker comments have been dispositioned and the design media matches

&

the calculations.
Baire B (M OB f 9/ae luz
Checker (Printed Name and Signature) Date

* If No or NA is chosen, an explanation must be provided on or attached to this form. +
}T MN—W 5 “ANO
NA - Pk b~ Geope o€
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instructions for the Monte Cario Evaluation -- Tab MC

by: SA Barker

Step

O~ DU LR -

10
11
12
13
14

Instruction
Update any data for tank on Tab "Data”
Enter Tank 1D in cell "G6"
If required, Update Waste Porosity in cell "G4”
If required, Update Sensitivity analysis for Water Addition "Volume” in cell "G72"
If required, Update Sensitivity analysis for Caustic Addition "Volume” in cell "G150"
if required, Update Sensitivity analysis for Caustic Addition "Density” in celt "G151”
Copy range "U09..U20" to cell "WE", use special paste "values only”!|
Verify that the cell "L2" indicates the Copy is successful by presenting the message
"Copy OK". if the cell "L.2" says "Copy Bad" repeat the copy untif the message is changed
to “Copy OK"
Clear Previous Crystal Ball Simutation. Use icon or the menu sequence "Run”, "Reset”
Run Crystal Ball, 5000 iterations
Craate the Crystal Balt Report {use the lcon or from the menu "Run” "Create Report”.
Copy cells "K3..AF27" from ™ {o the newly created report in cell "K3"
Enter tank |D in celt "K6&" in new report
From the Crystal Ball Graph “Forecast: Waste Category™...

If you have problems finding the report you can use the foliowing procedure to find it...
“Run”, "Forecast Windows", "Close All Forecasts™

"Run”, "Forecast Windows"®, Select the appropriate forecast{s) in the scrolling window on
the left, then select "Cpens Selected Forecasts”.
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anter 2.5 in the "CB Results graph” lower left cell and press <Enters.

500830

The certainty, 90,86 in this case, is now the Percent of runs for this tank that were
classified as class "C". Enter this number in the Monte Carlo Report spreadsheet in cell
"N26". Next enter 1.5 in the "CB Results graph” lower left cell and press <Enters.

P

B L L L R e R L Y b L

The certainty, 99,16 in this case, is now the Percent of runs for this tank that were
classified as class "C" or "B". Enter this number in the Monte Carlo Report spreadshest
in cell "M26". Use a formula structured as follows --

=89.16 - N26
This wili calculate the Percent of runs for this tank that were classified as class "B". The

formula in cell *|_.26" will now automatically calculate the Percent of runs for this tank that
were classified as class "A”, 0.84 in this case.

D-2
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From the Crystai Ball Graph "Forecast: Headspace Flam Gas Cone™...

The certainty, 90.76 in this case, is now the Percent of runs for this tank that passed this
criteria and are classified as class "C". Enter this number in the Monte Carlo Repont
spreadsheet in celi "W26".

D-3
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16  From the Crystal Ball Graph "Forecast: Wnol Depth Criterion”. ..

+Infinity
R

The certainty, 91.18 in this case, is now the Percent of runs for this tank that passed this
criteria and are classified as class "C". Enter this number in the Monte Carlo Report
spreadsheet in cell "V26".

17 Name, Save, and Close the Crystal Ball report
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AY-102 me report 020422 xls

Crystal Ball Report

Simulation started on 4/22/02 at 15:52:51
Simulation stopped on 4/22/02 at 15:53.45

Forecast: Total Wasta Depth {m)

Summary:
Display Range is from 5.354434E+0 to 7.155317E+0
Entire Range is from 5.354434E+0 to 7.155317E+0

After 5,000 Trials, the Std. Error of the Mean is 3.345002E-3

Statistics: Value
Trals 5000
Mean £.300378E+00
Median 6.301012E+00
Mode
Standard Deviation 2.366274E-01
Variance 5.504519E-02
Skewness -3.872719E-02
Kurtosis 3.028611E400
Coeff. of Variability 3.754177E-02
Range Minimum 5.354434E+00
Range Maximum 7.155317E400
Range Width 1.800883E+00
Mean Std. Error 3.345002E-03

Forecest: Total Waste Depth (m)
8 Outliers

5,000 Trials Frequency Char

1245

2]

Probability

BIGIAED BHMEEGELD EL2BAATEELD 6705096540

»
Pl
in

TASSTELD

Aoanbaly

Cell: G8
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AY-102 mc 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% 6.301012E400

95.0% 6.681432E400

97.5% 6.758512E+00

100.0% 7.155317E+00

End of Forecast




Summary;
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AY-102 mc report 020422 x1s

Foracast: Total Non-Convectiva Waste Depth (m)

Display Range is from 9.657636E-1 to 2.174829E+0
Entire Range is from 9.657636E-1 10 2.174620E+0
After 5,000 Trials, the Std. Error of the Mean is 2.360737€-3

Statistics:

Value
Triais 5000
Mean 1.57178E+00
Median 1.678034E+00
Standard Deviation 1.669293E-01
Varance 2.786540E-02
Skewness -5.478491E-02
Kurtosis 3.02887Q€+00
Coeff, of Variability 1.058405E-01
Range Minimum 9.857636E-01
Hange Maximum 2.174629E+00
Range Width 1.208866E+-00
Mean Sid. Error 2.360737E-03

Forecass: Total Non-Convective Waste Depth (m)

5,000 Trials Frequency Chart 0 Outliers

18D

8

Prabability

Asuanbaly

1.2579806+0 1.570196E+0 187241360 2AT4EHAD

E-3
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AY-102 me report 020422 xls

Forecast: Total Non-Convective Waste Depth (m) {cont'd) Call: G9

Percentiles:

Percentiie Value

0.0% 9.657636E-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% 2.174620E+00
End of Forecast

E-4
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AY-102 mc report 020422 xIs

Forgcast: Wetted Non-Convective Waste Depth (m)

Summary:
Display Range is from 9.657636E-1 to 2.174629E+0
Entire Range is from 9.657636E-1 to 2.174629E+0

Celi: G10

After 5,000 Trials, the Std. Error of the Mean is 2.360737E-3

Statistics:
Trials
Mean
Median
Wode
Standard Deviation
Variance
Skewness
Kurtosis
Coeff. of Varability
Range Minimum
Range Maximum
Range Width
Mean Std. Error

Value

5000
1.677178E400
1.578034E+00
1.669293E-01
2.7686540E-02
-5 478491E-02
3.026870E+00
1.058405E-01
9.657636E-01
2.174620E+00
1.208866E+00
2.360737E-03

5,000 Trials Frequency Chart

Forecast: Wetted Non-Convective Waste Depth (m)

w2

g

g
]

Prabability

8

E-5
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AY-102 mc report 020422 xls

Forecast: Wetted Non-Convective Waste Depth (m) (cont'd)

Percentiles:
Percentile Value
0.0% 0.657636E-01
2.5% 1.248345E+00
5.0% 1.299586£+00
50.0% 1.578034F+00
95.0% 1,846085E+00
97 6% 1.898759E00
100.0% 2.174620E+00

End of Forecast

E-6
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AY-102 me report 020422 xls

Farecast: Convective Waste Depth (m)

Summary:

Display Range is from 4,173491E+0 fo 5.313570E40
Entire Range is from 4.173491E+0 to 5.313570E+0
After 5,000 Trials, the Std. Error of the Mean is 2.369185E-3

Statistics: Value
Trials 5000
Mean 4.723199E+00
Median 4. 720643E+00
Mode
Standard Deviation 1.676267E-01
Variance 2.806519£-02
Skewness 3.149074E-02
Kuriosis 3.011388E+00
Coeff. of Variability 3.546890E-02
Range Minimum 4.173491E400
Range Maximum 5.313570E+00
Range Width 1.140079E+00
Mean Std. Error 2.369185E-03
‘ Forecast: Convective Waste Depth (m)

5,000 Trials Frequency Chart 0 Outhers |
229 o T 144
-~ 108
2 o
E o4 T2 3
- 8
g o - % 5
00 -0
4I7HG1ED A458511E4D 4 TAIBHED SORF0EL0 5.5 3610E+0

E-7
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AY-102 me report (20422 xls

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

Percentiles:

Percentile Valug

0.0% 4.173491E+00

2.5% 4.391002E+00

5.0% 4.440742E+00

50.0% 4.722643E+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 mc report 020422 xls

Forecast: Void Fraction (Dimensionless) Cell: G27

Summary:
Display Ranga is from 9.947849E-1 to 1.755002E+1
Entire Range is from 8.947849E-1 to 1.755892E+1
After 5,000 Trials, the Std. Error of the Mean is 3.919097E-2

Statistics: Value
Trials 5000
Mean 6,460761£+00
Median 5.878227E+00
Mods
Standard Deviation 2.711220E+00
Variance 7.679681E+00
Skewness 1.024556E+00
Kurtosis 4 153574E+00
Coeff. of Variability 4,289300E-01
Range Minimum 9.,947849E-01
Range Maximum 1.755992E+01
Range Width 1.656513E+01
Mean Std. Error 3.919097E-02

Forecasi: Vold Fraction (Dlmensionless)
5,000 Trials Frequency Chart 0 Outliers

Probability

947846 55008556 ATTIRED 1 UIBEE § TIABERE +1

E-9
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AY-102 me report 020422 xls

Forecast: Void Fraction (Dimensionless) (cont'd) Cell: G27
Percentiles:

Percentile Valye

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% 1.354886E+01

100.0% 1.755902E+01

£ngd of Forecast

E-10
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AY-102 mc report 020422 xIs

Forecast: Waste Category Cell: G59

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 6.925200E-4

Statistics: Value
Trials 5000
Mean 2.998400E+00
Median 3.000000E+00
Mode 3.000000E+00
Standard Deviation 4.896856E-02
Variance 2.397920E-03
Skewness -3.396694 401
Kurtosis 1.247724E403
Coeft. of Variability 1.633156E-02
Range Minimum 1.000000E+00
HAange Maximum 3.000000E+00
Range Width 2.000000E+00
Mean Std. Error 6.925200E-04

! Forecast: Waste Category ;
5,000 Trials Frequency Chart 0 Outliers

749

Probability
8
Asuanbalg

100000060 15000EHD 200000640 2300000E40 3A00000EH)

E-11
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AY-102 me report (20422 xls

Forecast: Waste Category (cont'd)
Percentiles:

Percentile
0.0%
25%
5.0%

50.0%
95.0%
97.5%
100.0%

£nd of Forecast

E-12

Value
1.000000E+00
3.000000E+00
3.000000E+00
3.000000E+00
3.000000E+00
3.000000E+C0
3.000000E+00
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AY-102 me report 020422 xls

Forecast: retained Gas Composition N2

Summary:
Display Range is from 1.250752E-2 to 7.553151E+1
Entire Range is from 1.250752E-2 to 7 553151E+1

After 5,000 Trials, the Std. Error of the Mean is 2.372139E-1

Statistics: Vale
Trials 5000
Mean 3.170035E+01
Median 3.097721E+01
Mode -—
Standard Deviation 1.677356E+01
Variance 2.813522E402
Skewness 2.511286E-01
Kurtosis 2437281£400
Coeft. of Variability 5.201285E-01
Range Minimum 1.250752E-02
Range Maximum 755315164014
Range Width 75510014014
Mean Std. Error 2.372139E-01

Forecasi: retained Gas Composition N2
5,000 Trials Frequency Chart 0 Outliers

Probability

LATRER 1.8802266+1 RTTEAEA 65517661

;. |

7ERHEN

E-13
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Forecast: retained Gas Composition N2 (cont'd)

Percentiles:

Percentile
0.0%

2.5%
5.0%
50.0%
95.0%
97 5%
100.0%

End of Forecast

AY-102 me report 020422 xls

Value
1.260752E-02

2.807148E+00
5.538169E+00
3.097721E+01
6.146840E+01
6.648151E+01
7.6563151E+01
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AY-102 mc report 020422 xls

Forecast: retained Gas Composition NH3 (%)

Summary:;
Display Range is from 1,192897E-2 t0 1.759617E+1
Entire Range is from 1.192897&-2 to 1.759617E+1
After 5,000 Trials, the Stel. Error of the Mean is 5.108011E-2

Statistics: Value
Trials 5000
Mean 3.535408E400
Median 1.760154E400
Mode
Standard Deviation 3.610495E+00
Variance 1.303567E£401
Skewness 1.450584E+00
Kurtosis 4.687957E+00
Cosff. of Variahility 1.021238E+00
Range Minimum 1.192887E-02
Range Maximum 1.759617E+01
Range Width 1.758424E+01
Mean Std. Error 5.108011E-02

Forecas!: retained Gas Composition NH3 (%)
5,000 Trials Frequency Chert 0 Oudliers

Prabability

1320010841

178961 7E4
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AY-102 mc report 020422 xls

Forecast: retained Gas Composition NH3 (%) (cont'd)

Percentiles:
Percentile Value
0.0% 1.192897E-02
2.5% 3.164551E-01
5.0% 4.069008E-01
50.0% 1.760154E400
95.0% 1.049286E+01
97.5% 1.353502E+01
100.0% 1.758617E+01

End of Forecast
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AY-102 me report 020422 xls

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

Summary:
Display Range is from 1.523063E-2 to 1.201584E+0
Entire Range is from 1.529063E-2 to 1.201584E+0
After 5,600 Trials, the Std. Error of the Mean is 2.130271E-3

Statistics: Value
Trials 5000
Mean 2.615282E-01
Median 2.292450E-01
Mode
Standard Deviation 1.5066329E-01
Variance 2.269026E-02
Skewness 1,357656E400
Kurtosis 5.688608E+00
Coeff. of Varigbility 5,759719E-01
Range Minimum 1.529064E-02
Range Maximum 1.201584E+00
Range Width 1.186283E+00
Mear Std. Error 2.130271E£-03

Forecast: Headspaca Flam Gas Gone (%LFL)

5,000 Trials Frequency Chart 0 Outliers
2

0m

Prabability
Asuanbalg

[+]

152906362 3.198640E1 608437361 QOKORE- 12015ME40
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Forecast: Headspace Flam Gas Conc (%LFL) {cont'd)

Percentiles:

Percantile
0.0%

2.5%
5.0%
50.0%
95.0%
97.5%
100.0%

End of Forecast

RPP-10006 REV 1

E-18

AY-102 me report (20422 .xls

Value
1.529064E-02
6.608034E-02
8.350796E-02
2.282450E-01
5.508396E-01
6.430139E-01
1.201584E+00
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AY-102 mc report 020422 xls

Forecast: Energy Ratio (Dimensionless)

Summary:
Display Range is from 3.437236E+0 to 6.412102E+1
Entire Range is from 3.437236E+0 to 6.412102E+1

After 5,000 Trials, the Std. Error of the Mean is 1,392504E-1

Statistics: Value
Trials 5000
Mean 1.315303E+01
Median 9.352151E+00
Mode
Standard Deviation 9.847124E+00
Variance 8.696588E+01
Skewness 1.931530E+00
Kurtosis 6.617107E+00
Cosff. of Variability 7.486581E-01
Range Minimum 3.437236E+00
Range Maximum 6.412102E+01
Range Width 6.068379E+01
Mean Std. Error 1.392594E-01

Forecast: Energy Ratio (Dimensionless)
5,000 Trisls Frequency Chart 0 Outliers
- 431
3232
£ T
. 1)
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2 g
& wrr @
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Forecast: Energy Ratio (Dimensionless) (cont'd)

Percentiles:

Percentiie
0.0%
2.5%
5.0%

50.0%
95.0%
97.5%
100.0%

End of Forecast

E-20

AY-102 me report 020422 xls

Valug
3.437236E+00
4.750552E+00
5.104281E+00
9.352151E+00
3.603891E+01
4.290956E+01
6.412102E401
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AY-102 mc report 020422 xls

Forecast: Buoyancy Ratio (Dimensionless)

Summary:
Display Range is from 3,001705E-1 to 3.164760E+0
Entire Range is from 3.001705E-1 to 3.164760E+0
After 5,000 Trials, the Std. Error of the Mean is 4.599121E-3

Statistics: Yalye
Trials 5000
Mean 1.057492E+00
Median 1.015685E+00
Mode
Standard Deviation 3.2520B89E-01
Variance 1.057595E-01
Skewness 9,270963E-01
Kurtosis 4.743387E+00
Coeff. of Variability 3.075266E-01
Range Minimum 3.001705E-01
Range Maximum 3.164760E+00
Range Width 2.864589E+00
Mean Std. Error 4,589121E-03

Forecast: Buoyancy Ratio {Dimensioniess)
5,000 Trials Frequency Chart G Cutliers

Probability

3OM705E-1 10ISIIEED 1, T3RAGHE0 2448612640 3164700640

E-21
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AY-102 mc report (20422 xls

Forecast: Buoyancy Ratio (Dimensionless) (cont'd)
Percentiles:

Percenti
0.0%
2.5%
5.0%

50.0%
95.0%
97.5%
100.0%

Eng of Forecast

Value
3.001705E-01
5.491175E-01
8.125733&-01
1.015665E+00
1,646889E+00
1.795880E+00
3.164760E+00
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AY-102 mc report 020422 xls

Foracast: Wncl Depth Criterion Cell: G47

Summary.
Display Range is from 9.846342E-1 to 1.782204E+0
Entire Range is from $.846342E-1 to 1.782204E40
After 5,000 Trials, the Std. Error of the Mean is 1.491397E-3

Statistics: Value
Trials 5000
Mean 1.110450E+00
Median 1.074405E4+00
Mode
Standard Deviation 1,054577E-01
Variance 1.112133E-02
Skewness 1.857017£+00
Kurtosis 6.009730E+00
Coeff, of Variability 9.496841E-02
Range Minimum 9.846342E-01
Range Maximum 1.782204E+00
Range Width 7.975700E-01
Mean Std. Error 1.491397E-03

Forecast: Wncl Denth Criterion
5,000 Trials Frequency Chart 0 Outliers

175

Prabability
Aouanbaiy

MBEHZE 1.1B4U0RTE+D 1383410640 1 582R12E40 1782205840
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AY-102 mc report 020422 xls

Forecast: Wnel Depth Criterion {cont'd)
Percentiles:

Percentile
0.0%
25%
5.0%

50.0%
95.0%
97.5%
100.0%

End of Ferecast

E-24

Value
9.848342E-01
1.007996E+00
1.011118E+00
1.074405E+00
1.337881E+00
1.399655E+00
1.782204E+00
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AY-102 mc report 020422 xls

Forecast: "Specilic Gravity (CLY" X "NCL Depth"

Summary:
Display Range is from 4.508308E+1 to 9.868183E+1
Entire Range is from 4.508308E£+1 t0 9.868183E+1

After 5,000 Trials, the Std. Error of the Mean is 1.130690E-1

Mean Std. Error

Statistics: Value
Trials 5000
Mean 7.142483E+01
Median 7.144392E+01
Mode
Standard Deviation 7.995182E+00
Variance 6.392309E+01
Skewness 2.356021E-03
Kurtosis 2.946095E+00
Coeff. of Variability 1.119386E-01
Range Minimum 4.508308E+01
Range Maximum 9.868183E+01
Range Width 5.359874E4+01

1.130691E-01

Forecast: "Spectiic Gravity (C1)" X "NCL Depth”

5,000 Trials Frequency Chint 0 Qutliers
s o] 148
oz 108.7
£ y
= o
L8 m5 725 &
« [
o ] 2]
=]
£ o = §
om A i
&50BS08E1 BAMSETTES 7188451 QEEBIRIEH
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Forecast: "Specific Gravity (CL)" X "NCL Depth” (cont'd) Cell: G64

Percentiles:

Percentile Value

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
£nd of Forecast

E-26
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Forecast: Retained [H2] Cale'd {%) Cell: G37
Summary:

Display Range is from 6.724293E+0 to 9.366539E+1

Entire Range is from 6.724293E+0 to 9.366533E+1

After 5,000 Trials, the Std. Ermror of the Mean is 2.245526E-1

Statistics: Value
Trials 5000
Mean 4,189702E+01
Median 4,097255E+01
Mode
Standard Deviation 1.587827E401
Variance 2.521194E+02
Skewness 2.917192E-01
Kurtosis 2.542001E+00
Coefl. of Variability 3.789833€-01
Range Minimum 6.724293E+00
Range Maximum 9,366539E+01
Range Width 8.684110E+01
Mean Std. Error 2.245526E-01

Eorecast: Retalned (42| Calc'd (%)
5,000 Trisls Frequency Chent 0 Outliers

Prabability

501948461
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E-27
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Forecast: Retained [H2] Cale'd (%) (cont'd) Celi: G37
Percentiles:

Percentile Value

0.0% 6.724293E+00

2.5% 1.493131E+01

5.0% 1.756688E+01

50.0% 4.097255E+01

95.0% 6.935769E4+01

97.5% 7.483335E+01

100.0% 9.366539E+01

End of Forecast

E-28
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Forecast: Retained [CH4] Calc'd (%)

Summary:
Display Range is from 2.285813E-2 to 3.375841E+1
Entire Range is from 2.285813E-2 t0 3.375941E+1
After 5,000 Trials, the Std. Error of the Mean is 7.773840E-2

Statistics: Valug
Trials 5000
Mean 5.467129E4+00
Median 3.561370E+00
Mode
Standard Deviation 5.496935E+00
Variance 3.021629E+01
Skewness 1,596500E+00
Kuriosis 5.515036E+00
Coeff. of Variability 1.005452E+00
Range Minimum 2.286813E-02
Range Maximum 3.375541E+01
Range Width 3.373655E+01
Mean Std. Error 7.773840E-02

Forecast: Retalned [C:H4] Cale’d (%)
5,000 Trials Frequency Chant 0 Outliers
F 354
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AY-102 me report 020422 .xls

Forecast: Retained {CH4] Caic’d (%) (cont'd)
Percentiles:

Percentile
0.0%

2.5%
5.0%
50.0%
95.0%
97.5%
100.0%

End of Forecast

E-30

value
2.285813E-02
2.263522E-01
3.491497E-01
3.561370E+00
1.698324E+01
2.013836E+01
3.375941E+01

Cell: G38




Summary.

RPP-10006

REV ]

AY-102 mc report 020422 xls

Forscast: Retained [N20] Calc'd (%)

Display Range is from 5.046029E-1 to 6.417347E+1
Entire Range is from 5.046029E-1 to 6.417347E+1
After 5,000 Trials, the Std. Error of the Mean is 1.694663E-1

Statistics:

Valug
Trials 5000
Mean 1.740010E+01
Median 1.437389E4+01
Mode
Standard Daviation 1.198307E+01
Variance 1.435941 E+02
Skewness 1.053029E+00
Kurtosis 37029458400
Coeff. of Variability 6.886786E-01
Range Minimum 5.046029E-04
Range Maximum 5,417247E+01
Range Width £.366886E+01
Mean Std. Eror 1.694663£-01

Forecast: Retained [N20] Cake'd (%)
5,000 Trials Frequency Chart 0 Cutliers

Praobability
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Forecast: Retained {N20] Cale'd (%) (cont'd)

Percentiles:

Percentile
0.0%
2.5%
5.0%

50.0%
95.0%
97.5%
100.0%

End of Forecast

E-32

AY-102 me report 020422 .xls

Value
5.046029E-01

2.511754E+00
3.502906E+00
1.437389E+01
4.175480E+01
4.678089E+01
6.417347E+01

Cell: G39
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Forecast: Headspace [H2] (%)

Summary:

Display Range is from 4.837935E-4 to 4.691141£-2
Entire Range is from 4.837935E-4 to 4.681141E-2

After 5,000 Trials, the Std. Error of the Mean is 7.830735E-5

Statistics: Value
Trials 5000
Mean 0,279357E-03
Median 8.036897E-03
Standard Deviation 5.537166E-03
Variance 3.066021E-05
Skewness 1.420917E+00
Kurtosis 6.007092E400
Coeff. of Variability 5.967187E-01
Range Minimum 4.837835E-04
Range Maximum 4,691141E-02
Range Width 4.642761E-02
Mean Sid. Error 7.830735E-05
51 Forecast: Hesdspace [H2] (%)

5,000 Trials Frequency Chart 0 Outliers

oy {7 - 2%

fac 3] R r s
& my
4 (4]
E a2 1185 E
E o2 i A28 a

00 . { [+]

ABITRNEA 1.209060E-2 236876062 AE14iER

E-33

Coli: G52




RPP-10006 REV 1

AY-102 me report 020422 xIs

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

Percentiles:

Percentile
0.0%
2.5%
50%

50.0%
95.0%
97 5%
100.0%

End of Forecast

E-34

Value
4.837935E-04
2.208415E-03
2.771539E-03
8.036897E-03
2.004220E-02
2.334778E-02
4.691141E-02

Call: G52




Summary:

RPP-10006 REV 1

AY-102 mc report 020422 .xls

Forecast: Headspace [CH4] (%)

Display Range is from 5.025204E-6 fo 1.376512E-2
Entire Range is from 5.025204E-6 to 1.379512E-2
After 5,000 Trials, the Std. Error of the Mean is 2.023842E-5

Statistics:

Value
Trials 5000
Mean 1.213631E-03
Median 6.896263E-04
Mode
Standard Deviation 1.431073E-03
Variance 2.047969E-06
Skewness 2.512413E+00
Kurtosis 1.237447E401
Coeff. of Variability 1.179166E+00
Range Minimum 5.026204E-06
Range Maximum 1,379512E-02
Range Width 1.379010E-02
Mean Sid. Error 2.023842E-05
Forecast: Headapace [CHA) (%)
5,000 Trials Freguency Chert 0 Outliers
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Forecast: Headspace [CH4] (%) (cont'd)
Percentiles:

Percenti
0.0%
2.5%
5.0%

£0.0%
95.0%
97 5%
100.0%

End of Forecast

E-36

Cell: G53

Valye
5.025204E-06

4.145406E-05
6.447876E-05
6.896263E-04
4,098967E-03
5.139785E-03
1.379512E-02




Summary:

RPP-10006 REV 1

AY-102 me weport 020422 xls

Forecast: Headspace [NH3] (%)

Display Range is from 2.339002E-6 to 9.828961E-3
Entire Range is from 2.339002E-6 10 9.828961E-3
After 5,000 Trials, the Std. Error of the Mean is 1.338044E-5

Statistics:

Valye
THals 5000
Mean 7.907445E-04
Median 3.762830E-04
Standard Deviation 9.461406E-04
Variance 8.951821E-07
Skewness 2.3648B1E400
Kurtosis 1.107627E+01
Cosff. of Variability 1.196519E+00
Range Minimum 2.330002E-06
Range Maximum 9.8268961E-03
Range Width 9.826622E-03
Mean Std. Error 1.338045E-05
Forecast: Headapace [NH3] (%)
5,000 Trisls Frequency Chart 0 Cutfiers
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Forecast: Headspace [NH3] (%) (cont'd) Cell: G54

Percentiles:

ercenti Value

0.0% 2.339002E-06

2.5% 5.158267E-05

5.0% 6.982449E-05

50.0% 3.762830E-04

96.0% 2.724365E-03

97.5% 3.329183E-03

100.0% 9,828861E-03
End of Forecast

E-38
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Forecast: Headspace [H2] {%LFL) Cell: G55
Summary:

Display Range is from 1,209483E-2 to 1.172785E+0

Entire Range is from 1.209483E-2 {0 1.172785E+0

After 5,000 Trials, the Std. Error of the Mean is 1.957684E-3

Statistics: Valye
Trials 5000
Mean 2.319839E-01
Median 2.009224£-01
Standard Deviation 1.384291E-01
Variance 1.916263E-02
Skewness 1.420917E+00
Kurtosis 6.007092E£+00
Coeft. of Variability 5.967187E-01
Range Minimum 1.209484E-02
Range Maximum 1.172785E+00
Range Width 1.1608380E+00
Mean Std. Error 1.957684E-03

Forecast: Headspace [H2] (3aLFL)
5,000 Trials Frequency Chart 0 Qutliers
E_ 37
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Forecast: Headspace [H2] (%L.FL) (cont'd) Coll: G55

Percentiles:

Percentile Value

0.0% 1.209484E-02

2.5% 5.521038E-02

5.0% 6.928848E-02

50.0% 2.009224E-01

95.0% 5.010549E-01

97.5% 5.836945E-01

100.0% 1.172785E+00
End of Forecast

E-40
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Forecast: Headspace [CH4] (%LFL) Cell: G56

Surmary:
Display Range is from 1.005040E-4 to 2.759025E-1
Entire Range is from 1.005040E-4 to 2.759025E-1
After 5,000 Trials, the Std. Error of the Mean is 4.047685E-4

Statistics: Value
Trials 5000
Mean 2.427263E-02
Median 1.379253€E-02
Mode
Standard Deviation 2.862145E-02
Variance 8.191875E-04
Skewness 2.512413E400
Kurtosis 1.237447E4+01
Coeff. of Variahility 1.178166E+00
Range Minimum 1.0065041E-04
Range Maximum 2,759025E-01
Range Width 2.758020E-01
Mean Std, Error 4.047685E-04

Forecast: Headspace [CH4] (%LFL)
5,000 Trials Frequency Chart 0 Outliers
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Forecast: Meadspace [CH4] (%LFL) {cont'd)
Percentiles:

Percentile
0.0%

2.5%
5.0%
50.0%
95.0%
97.5%
100.0%

End of Forecast

E-42

value
1.005041E-04

8.290811E-04
1.289575E-03
1.379253E-02
8.197934E-02
1.027957E-01
2.759025€-01

Cell; G56
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Forecast: Headspace [NH3] (%iFL) Coll: G57

Summary:
Dispiay Range is from 1.559334E-5 to 6.552841E-2
Entire Range is from 1.558334E-5 to 6.562641E-2
After 5,000 Trials, the Std. Error of the Mean is 8.920299E-5

Statistics: Value
Trials 5000
Mean 5.2711630£-03
Median 2.5G8553E-03
Mode
Standard Deviation 6.307604E-03
Variance 3.978587E-05
Skewness 2.364881E+00
Kurtosis 1.107627E+01
Coeft. of Variability 1.196519E+00
Range Minimum 1.559334E-05
Range Maximum 6.562641E-02
Range Width 6.551081E-02
Mean Std, Frror 8.920209E-05

Forecast: Hemdspace [NH3] (%LFL)

5,000 Trinis Frequency Chart 0 Qutliers
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Forscast: Headspaca [NH3] (%LFL) {cont'd)
Percentiles:

Percentie
0.0%
2.5%
50%

56.0%
95.0%
97.5%
100.0%

End of Forecast

E-44

Value
1.559334E-05
3.438845E-04
4.654966E-04
2.508553E-03
1.816243E-02
2.219455E-02
6.552641E-02

Celi: G57
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Forecast: CA - Convective Waste Depth (m) Cell: G170

Summary:
Display Range is from 4.265865E+0 to 5.405944E+0
Entire Range is from 4.265865E+0 to 5.405944FE+0
Ater 5,000 Trials, the Std. Error of the Mean is 2.369185E-3

Statistics: Value
Trigls 5000
Mean 4.815573E+00
Median 4.815017£+00
Mode
Standard Deviation 1.675267E-01
Variance 2.806519E-02
Skewness 3.149074E-02
Kurtosis 3.011388E+00
Coeff. of Variability 3.478852E-02
Range Minimum 4. 265885E+00
Range Maximum 5405944400
Range Width 1.140079E+00
Mean Sid. Error 2.369185E-03

Forecast: CA - Convective Wasie Depth (m)
5,000 Trigls Frequancy Chait 0 Outliers
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Forecast: CA - Convective Waste Depth (m) {cont'd) Cell: G170

Percentiles:

Percentile value

0.0% 4.265865E+00

2.5% 4.483376F+00

5.0% 4.533116E+00

50.0% 4.815017E+00

95.0% 5.092513E+00

97.5% 5.144025E+00

100.0% 5.405944E+00
End of Forecast

E-46
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Forecast: CA - Total Waste Depth (m) Cell: G167

Summary:
Display Range is from 5.446808E+0 10 7.247691E4+0
Entire Range is from 5.446808E+0 to 7.247691E+0
After 5,000 Trials, the Std. Error of the Mean is 3.345002E-3

Statistics: Valye
Trials 5000
Mean 6.392751E+00
Median £.393386E+00
Mode
Standard Deviation 2.365274E-01
Variance 5.594519E-02
Skewness -3.872719E-02
Kurtosis 3.028611E4+00
CoeK. of Variability 3.699930E-02
Range Minimum 5.448808E+00
Range Maximum 7.247691E+00
Range Width 1.800883E+00
Mean Std. Error 3.345002E-03

i Forecast: CA - Toial Waste Depth {m)
5,000 Trials Frequency Chart 0 Outliers

Probabitity
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Forecast: CA - Total Waste Depth {(m) (cont'd) Celi: G167

Percentiles:

Percentile Value

0.0% 5.446808E+00

2.5% 5.918750E+00

5.0% 6.004159E+00

50.0% 6.393386E+00

95.0% 6.773806E+00

97.5% £.850885E+00

100.0% 7.247681E400
End of Forecast

E-48




Summary.

RPP-10006 REV 1

AY-102 mc report 020422 xls

Forecast: WA - Total Waste Depth (m)

Display Range is from 5.448808E+0 {0 7.247691E+0
Entire Range is from 5.448808E+0 to 7.247691E+0
After 5,000 Trials, the Std. Error of the Mean is 3.345002E-3

Statistics:

Valye
Trials 5000
Mean 6.392751E+00
Median 6.393386E+00
Standard Deviation 2.365274E-01
Variance 5.594519E-02
Skewness -3.872719E-02
Kurtosis 3.028611E+00
Coeff. of Variability 3.689930F-02
Range Minimum 5.446808E4+00
Range Maximum 7.247691E+00
Range Width 1.800883E+00
Mean Std. Error 3.345002E-03

Foracest: WA - Total Waste Depth (m)
5,000 Trials Frequency Chert 0 Qutliers
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Forecast: WA - Total Waste Depth (m) (cont'd) Cell: G85

Percentiles:

Percentile Value

0.0% 5.446808E+00

2.5% 5.918750E+00

5.0% 6.004159E+00

50.0% 6.393386E+00

95.0% 6.773806E+00

97 5% £.850885E400

100.0% 7.247691E+00
End of Forecast

E-50




RPP-10G06 REV 1

AY-102 me report 020422 xls

Forecast: WA - Wnel Depth Criterion

Summary:
Display Range is from 9.710017E-1 to 1.757087E+0
Entire Range is from 9.710017E-1 to 1.757087E+0
After 5,000 Trials, the Std. Error of the Mean is 1,.468520E-3

Statistics: Value
Trials 5000
Mean 1.095445E+00
Median 1.060035E+00
Mode
Standard Deviation 1.039108E-01
Variance 1.079745E-02
Skewness 1.658553E+00
Kurtosis 6.016762E+00
Coeff, of Variability 9.485710E-02
Range Minimum 9.710017E-01
Range Maximum 1.757087€+00
Range Width 7.860857E-01
Mean Stid. Error 1.469520E£-03

Forecast: WA - Wnel Depth &imion

| 5,000 Trials Frequency Cherl : 0 Outllers
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Forecast: WA - Wnel Depth Criterion (cont'd)

Percentiles:

Percentile
0.0%

2.5%
50%
50.0%
95.0%
97.5%
100.0%

£nd of Forecast

E-52

Yalue
9.710017E-01

9.946060E-01
9.975495E-01
1.080035E+00
1.319456E+00
1.379843E+00
1.757087E+00

Cell: G126




Summary:

RPP-10006 REV 1

AY-102 me report 020422 xls

Forecast: WA - Headspace [H?] (%)

Display Range is from 4,867601E-4 to 4.720280E-2
Entire Range is from 4.867601C-4 to 4,720280E-2
After 5,000 Trials, the Std. Error of the Mean is 7.879887E-5

Statistics:

Trials

Mean

Median

Mode

Standard Deviation
Variance
Skewness

Kurtosis

Coeff. of Variability
Range Minimum
Range Maximum
Range Width

Value

5000
9,337760E-03
£.087794E-03
5.571921E-03
3.104631E-05
1.420843E+00
6.006610E+00
5.967085E-01
4.867601E-04
4.720280E-02
4.671604E-02

Mean Std. Error 7.879887E-05
Forecast: WA - Headspace [Hz] (%)
5,000 Trials Frequency Chert 0 Cutliers
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Forecast: WA - Headspace [H2] (%) (contd) Cell: G131

Percantiles:

Percentile Value
0.0% 4.867601E-04

2.5% 2.221988E-03
5.0% 2.789253E-03
50.0% 8.087794E-03
95.0% 2.016615E-02
97.5% : 2.349155E-02
100.0% 4.720280E-02

End of Forecast

E-54
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Forecast: WA - Headspace [CH4] (%) Cell: G132

Summary:
Display Range is from 5.057525E-6 to 1.388183E-2
Entire Range is from 5.057525E-6 to 1.368183E-2
After 5,000 Trials, the Std. Error of the Mean is 2.036573E-5

Statistics: Value
Trials 5000
Mean 1.221269E-03
Median 6.940731E-04
Mode ---
Standard Deviation 1.440075E-03
Variance 2.073815E-06
Skewness 2.512444E400
Kurtosis 1.237472E+01
Coeff. of Variability 1.179162E+00
Range Minimum 5.057525E-06
Range Maximum 1.388184E-02
Range Width 1.387/678E-02
Mearn Std. Error 2.036573E-05

Forecast: WA - Headspace [CH4) (56}
5,000 Trials Frequency Char? 3 Outliers
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Forecast: WA - Headspace [CH4] (%) (cont'd) Cell: G132

Percentiles:

Percentile Value
0.0% 5.057525E-06

2.5% 4.171315E-05
5.0% - 6.48773%E-05
50.0% 6.940731E-04
95.0% 4.125120E-03
97.5% 5.173127E-03
100.0% 1.388184E-02

£nd of Forecast
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Farecast: WA - Headspace [NH3] (%)

Summary:

Display Range is from 2.353840E-6 to 9.892874E-3
Entire Range is from 2.353840E-6 to 9.892874E-3
After 5,000 Trials, the Std. Error of the Mean is 1.348476E-5

Statistics:
Trials
Mean
Median
Mode
Standard Deviation
Variance
Skewness
Kurtosis
Coefi. of Variability

Yalue
5000

7.957239E-04
3.786606E-04
8.521024E-04
9.064990E-07
2.364982E+00
1.107765E+01
1.196524E+00

Range Minimum 2.353840F-08
Range Maximum 3.892874E-03
Range Width 3.890520E-03
Mean Std. Error 1.346476E-05
Forecast: WA - Headspace NH3]J (%)
5,000 Trials Frequency Charl 0 Qutliers
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Forecast: WA - Headspace [NH3] (3) {cont'd) Cell: G133

Percentiles:

Percentile Value
0.0% 2.353840E-06
2.5% 5.192769E-05
5.0% 7.027381E-05

50.0% 3.786606F-04
95.0% 2.741130E-03
97.5% 3.350719E-03
100.0% 9.892874E-03

£nd of Forecast
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Foracast: WA - Headspace [H2] (%LFL)

Summary:

Display Range is from 1.216900E-2 to 1.180070E+C
Entire Range is from 1.216300E-2 fo 1.180070E+0
After 5,000 Trials, the Std. Error of the Mean is 1.969972E-3

Statistics:
Trials
Mean

Median

Mode

Standard Deviation
Variance
Shewness
Kurtosis
Coeff. of Variability

Range Minimum
Range Maximum

Value

5000
2.334440E-01
2.021948E-01
1.392980E-01
1.940394E-02
1.420843E+00
6.006610£+00
5.967085E-01
1.216900E-02
1.180070E+00

Range Width 1.167901E+Q0
Mean Std. Error 1.969872E-03
Forecasi: WA - Headapace [Hz] (55LFL)
£,000 Trials Frequency Charl 0 Outliers
ey -
035 - 177
£ =
- iy}
- Led 4 118 e
-] [
] b
& o2 » ¢
200 - ( qQ
1. 216890082 3.04 144261 5.96119681 858084751 1.180070E+0
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Forecast: WA - Headspace [H2] (%LFL) {cont'd) Cell: G134

Percentiles:

Percentile Value
0.0% 1.216900E-02

2.5% 5.554972E-02
5.0% 6.973134E-02
50.0% 2.021848E-01
95.0% 5.041537E-01
97.5% 5.872888E-01
100.0% 1.180070E+00

E£nd of Forecast




Summary:

RPP-10006 REV 1

AY-102 me report 020422 xls

Forecast: WA - Headspace [CH4] (%LFL)

Display Range is from 1.011505E-4 to 2.776367E-1
Entire Range is from 1.011505E-4 to 2.776367E-1
After 5,000 Trials, the Std. Error of the Mean is 4.073146E-4

Statistics:

Trials

Mean

Median

Mode

Standard Deviation
Variance
Skewness

Kurtosis

Coeff. of Variability
Range Minimum

Yalue

5000
2.442538E-02
1.388146E-02
2.880149E-02
8.295259E-04
2.512444E+00
1.237472E+01
1.179162E+00
1.011505E-04

Range Maximum 2.776367E-01
Range Width 2.7753568F-01
Mean Std. Error 4,073146E-04
Forecast: WA - Headspace [CHA] (05LFL)
8,000 Trials Frecuency Chart 0 Outliers
137 - 888
A3 - 5137
£ =y
- [3.]
S 08p 3425
(-] =
£ n
[ ] =3
& o0 1712 Q
1.011508654 B.O485065-2 1.3886806-1 20825881 2 776367E
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Forecast: WA - Headspace [CH4] (%LFL} {cont'd) Cell: G135

Percentiles:

Percentile Value
0.0% 1.011505E-04

2.5% 8.342630E-04
5.0% 1.2097548E-03
50.0% 1.388146E-02
95.0% 8.250241E-02
97.56% 1.034625E-01
100.0% 2.776367E-0%

End of Forecast




RPP-10006 REV 1

AY-102 mc report 020422 xls

Forecast: WA - Headspace [NH3] (%LFL)

Summary;

Display Range is from 1.569227E-5 to 6.595249E-2
Entire Range is from 1.569227E-5 to 6.595249E-2
After 5,000 Trials, the Std. Error of the Mean is 8.976508E-5

Statistics:
Trials
Mean

Median

Mode

Standard Deviation
Variance
Skewness
Kurtosis
Goeff. of Variability

Range Minimum

Valye
5000

5.304826E-03
2.524404E-03

6.347350E-03
4.028885E-05
2.364982E+00
1.107765E+01
1,196524E+00
1.569227E-05

Range Maximum 6.595248E-02
Range Width 6.593680E-02
Mean Std. Error 8.976508E-05
Forecast: WA - Headapace [NH3] (%LFL)
5,000 Trials Frequency Charl 0 Outliers
A7e - - 88%
g3z 86e0.7
£ ™
b a
- 088 - 4405 et
-] =
= (2.3
[~ =}
o o - 202
O0G e 3N . ( o §
156RTES 3. 25040062 404682962 B506R40E-2
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Forecast: WA - Headspace [NH3] (%LFL) (cont'd)

Percentiles:

Percentile
0.0%
2.5%
5.0%

50.0%
95.0%
97.5%
100.0%

nd of Forecast

E-64

Value
1.568227E-05

3.461846E-04
4.684921E-04
2.524404E-03
1.827420E-02
2.233813E-02
6.595249E-02

Cell: G136
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Forecast: WA - Headspace Flam Gas Cone (%LFL)

Summary:
Display Range is from 1.538439E-2 to 1.209048E+0
Entire Range is from 1.538439E-2 o 1.209048E+0
After 5,000 Trials, the Std. Error of the Mean is 2.143640E-3

Range Maximum
Range Width
Mean Std. Error

Statistics: Value
Trials 5000
Mean 2.631742E-01
Median 2.306730E-01
Mode
Standard Deviation 1.515783E-01
Variance 2.2097597E-02
Skewness 1.357579E+00
Kurtosis 5.688105E4+00
Coeff. of Variability 5.759617E-01
Range Minimum 1.538440E-02

1.208048E+00
1.193663E+00
2.143640E-03

Forecast: WA - Headspace Flam Gas Conc (%1FL)

5,000 Trials Frequency Chart 0 Outliers

043 - - 2%

Lo v 1805
£ =y
E ozt 2
® B
= o
<} =
& oo 835 &

15384302 E128061 910831881 1.20804RE 0
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Forecast: WA - Headspace Flam Gas Conc {(%LFL) (cont'd)

Percentiles:

Percentile
0.0%
2.5%
5.0%

50.0%
95.0%
97.5%
100.0%

End of Forecast

E-66

Value
1.538440E-02

6.650266E-02
8.403103E-02
2.306730E-01
5.543411E-01
6.471054E-01
1.209048E+00

Cell: G137



Summary.

RPP-10006 REV 1

AY-102 me report 020422 xls

Forecast: WA - Waste Calegory

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 6.925200F-4

Statistics:

Value
Trials 5000
Mean 2.998400E+00
Median 3.0000G0E~+00
Mode 3.000000E+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 1.000000£+00
Range Maximum 3.000000£+00
Range Width 2.006000E+00
Mean Std. Error 6.925200E-04
Forecast: WA - Waste Calegory
5,000 Trials Frequency Chart 0 Qutliers
oG - - dgSd
J49
2 my
ol 4]
g - £
= L]
£ =
@ <
o0 - y - . r 0
1.600000E+0 1500000+ 2000000840 2500000840 Q00000840
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Forecast: WA - Waste Category {(cont'd) Cell: G138
Percentiles:

Percentile Value

0.0% 1.006000£+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% 3.600000E+00

£nd of Forecast

E-68
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Forecast: WA - Energy Ratio (Dimensionless)

Summary:

Display Range is from 3.575234E+0 to 6.635023E+1
Entire Range is from 3.575234E+0 to 6.635023E+1
After 5,000 Trials, the Std. Error of the Mean is 1.443439E-1

Statistics: Valie
Trials 5000
Mean 1.363691E+01
Median 9.713406E+00
Mode -
Standard Deviation 1.0206668E+01
Variance 1.041758E+02
Skewness 1.930579E+00
Kurtosis 6.609519E+00
Coeff. of Variability 7.484582E-01
Range Minimum 3.575234E+00
Range Maximum 6.635023E+01
Range Width 6.277500E401
Mean Sid. Error 1.443439E-01

Forecast: WA - Energy Ratio (Dimensionless)
5,000 Trinls Frequeticy Char 0 Outliers
085 3.2
& =y
fred 1y.]
.g T 278 -g
° ' 2
o e " 1067 &
000 - " 5;' R . 4 e
JETER3AESD 1.9269068+1 34273651 SOE5GAEEH B.63603E1
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Forecast: 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% 9.713406E+00
95.0% 3.727649E+01
97.5% 4.450119E4+01
100.0% 6.635023E+01

End of Forecast
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Forecast: WA - Specific Gravity (CL)" X "NCL Dept Cell: G143
Summary:

Display Range is from 4.508308E+1 to 9.868183E+1

Entire Range is from 4,508308E+1 to 9.868183E+1

After 5,000 Trials, the Std. Error of the Mean is 1.130690E-1

Mean Sid, Error

Statistics: Value
Trials 5000
Mean 7.142483E+01
Median 7.144392F+(1
Mode
Standard Devialion 7.995192E+00
Variance 6.392309E+01
Skewness 2.356021£-03
Kurtasis 2.946095E+00
Coeff. of Variability 1,119386E-01
Range Minimum 4.508308E+01
Range Maximum 9.868183E+01
Range Width 5.359874E+01

1.130691E-01

Forecast: WA - "Specific Gravity (CL}" X "NCL Dept V

5,000 Trials

Frequency Chart

R

Probabitity
3

BEBR14E+Y

98EE1B3E 1
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Forecast: WA - "Specific Gravity (CL)" X "NCL Dept (cont'd) . Cell: G143
Percentiles:
Percentile Value
0.0% 4.508308E+01
2.5% 5.589887E+01
5.0% 5.829549E+01
50.0% 7.144392E+01
85.0% 8.471224F+01
97.5% 8.699356E+01
100.0% 9.868183E+01

End of Forecast

E-72
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Forecast: WA - Buoyancy Ratio (Dimensionless) Cell: G144

Summaty:
Disptay Range is from 3.623272E-1 to 3.130319E+0
Entire Range is from 3,623272E-1 to 3.130319E£+0
After 5,000 Trials, the Std. Error of the Mean is 4.181049E-3

Statistics: Valye
Trials 5000
Mean 1.029170E00
Median 9.888693E-01
Mode
Standard Deviation 2.956448E-01
Variance 8.740586E-02
Skewness 9.033716E-01
Kurtosis 4.671643E+00
Coeff. of Variability 2.872653E-01
Range Minimum - 3.823272E-01
Range Maximum 3.130319E+00
Range Width 2 767992E+00

Mean Std. Error 4,181045E-03

Forecast: WA - Buoyancy Ratio ( l&ss) .

5,000 Trialy Fregquency Charl 0 Outliers
S
; 182
£ =y
3 2
[] 108 =
2 s
£ « &
-~ ' < °

36230726 1054330640 1. FAEZBE 24583 E0 2130319640
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Forecast: WA - Buoyancy Ratio (Dimensionless) (cont'd)

Percentiles:

Percentile
0.0%

2.5%
5.0%
50.0%
95.0%
97.5%
100.0%

£nd of Forecast

E-74

Cell: G144

Value
3.623272E-01

5.689344E-01
6.234351E-01
9.888693E-01
1.576214E+00
1.706114E+00
3.130319E+00
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Forecast: CA - Wnel Depth Criterion

Summary:

Display Range is from 9.237369E+0 to 8.237369E+0
Entire Range is from 9.237369E+0 to 9.237369E+0
After 5,000 Trials, the Std. Error of the Mean is 1.730967E-9

Statistics:
Trials
Mean
Median
Mode
Standard Deviation
Variance
Skewness
Kurtosis
Coeff. of Variability
Range Minimum
Range Maximum
Range Width
Mean Std. Error

Value
5000

9.237369E+00
9.237369E+00
9.237369E+00
1.203979E-07
1.498124E-14
0.00G000E +00

+Infinity
1.325030E-08
9.237369E400
9.237369E+00
0.000000E+00
1.730967E-09

5,000 Trials

Forecast: CA - Wnel Depth Crterion
Frequency Chart

¢ Outiiers

Probability

D2ITIEHD

LTI R237360E+0

AZIFIRGED

Aauanbaly
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Forecast: CA - Wncl Depth Criterion (cont'd)

Percentiles:
Percentile Value
0.0% 9.237369E+00
2.5% 9.237369E400
5.0% 9.237369E+00
50.0% 9.237369E+00
85.0% 9.237369E+00
97.5% 9.237369E+00
100.0% 9.237369E+00

End of Forecast

E-76
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Forecast: CA - Headspace [H2] (%)

Summary;

Display Range is from 4.922543E-4 to 4.187283E-2
Entire Range is from 4.922543E-4 to 4,187283E-2
After 5,000 Trials, the Std. Error of the Mean is 7.860226E-5

Statistics: Value
Trials 5000
Mean 9.349232E-03
Median 8.004384E-03
Mode
Standard Deviation 5.658019E-03
Variance 3.089157E-05
Skewness 1.383333E+00
Kurtosis 5.709298E+00
Coeff. of Variability 5.944894E-01
Range Minimum 4.922543E-04
Hange Maximum 4.187283E-02
Range Width 4.138057E-02
Mean Std. Error 7.880226E-05
Forecast: CA - Headspace [H2] (%)
5,000 Trials Frequency Chart 0 Outliers
043 217
033 1827
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Forecast: CA - Hoadspace [H2] (%) (cont'd) Cell: G213
Percentiles:

Percentile Value

0.0% 4.922543E-04

2.5% 2.241044E-03

5.0% 2.784441E-03

50.0% 8.094384E-03

95.0% 2,018946E-02

87.5% 2.341048E-02

100.06% 4.187283E-02

End of Forecast

E-78
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Forecast: CA - Headspace [CH4) {%)

Summary:

Display Range is from 5.035857E-6 to 1.367297E-2
Entire Range is from 5.035857E-6 to 1.367297E-2
After 5,000 Trials, the Std. Error of the Mean is 2.037750E-5

Statistics:
Trials
Mean
Median
Mode
Standard Deviation
Variance
Skewness
Kurtosis
Coeff. of Variability

Value

5000
1.223026E-03
6.938689E-04
1.440307E-03
2.076213E-06
2.501828E+00
1.225290E+01
1.178148E+00

Range Minimum 5.035857E-06
Range Maximum 1.367298E-02
Range Width 1.366794E-02
Mean Std. Error 2.037750E-05
Forecast: CA - Headspace [CH4] (%)
5,000 Trials Frequency Chert 0 Outliers
134 &858
100 - 501.7
£ my
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F- . 1]
E =
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Forecast: CA - Headspace [CH4] (%) {cont'd)
Percentiles:

Percentile
0.0%
2.5%
5.0%

50.0%
95.0%
97.5%
100.0%

End of Forecast

E-80

¥Yalue
5.035857E-06

4.156055E-05
6.539297E-05
6.939689E-04
4.156556E-03
5,179060E-03
1.367298E-02

Cell: G214
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Forecast: CA - Headspace [NH3] {36) Cell: G215
Summary:

Display Range is from 2.365026E-6 to 9.852409E-3

Entire Range is from 2.365026E-6 to 9.852400E-3

After 5,000 Trials, the Std. Error of the Mean is 1.345061E-5

Statistics: Value
Trials 5000
Mean 7.965896E-04
Median 3.790426E-04
Mode
Standard Deviation 9.511024E-04
Variance 39.045958E-07
Skewness 2.341635E+00
Kurtosis 1.087740E401

Coeff, of Variability

1.193968E+00

Range Minimum 2.365026F-06
Range Maximum 9.852400E-03
Range Width 9.850044E-03

Mean Std. Error

1.345062E-05

Forecast: CA - Headspace [NH3) {5)

5,000 Trials Frequency Chart 0 Outljers |
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Forecast: CA - Headspace [NH3] (%) {(cont'd) Cell: G215
Percentiles:

Percentile Value
0.0% 2.3685026E-06

2.5% 5.186734E-05
5.0% 7.042942E-05
50.0% 3.790426E-04
95.0% 2.727694E-03
87.5% 3.360722E-03
1060.0% 9.852409E-03

End of Forecast

E-82
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Forecast: CA - Headspace [H2] (%LFL) Cell: G216

Summary;
Display Range is from 1.230635E-2 to 1.046821E+0
Entire Range is from 1.230635E-2 to 1.046821E+0
After 5,000 Trials, the Std. Error of the Mean is 1.965056E-3

Statistics: Valye
Trials 5000
Mean 2.337308E-01
Median 2.023596E-01
Mode
Standard Deviation 1.389505E-01
Variance 1.830723E-02
Skewness 1.383333E+00
Kurtosis 5.709296E£+00
Coeff. of Variability 5.944894E-01
Range Minimum 1.230636E-02
Range Maximum 1.046821£+00
Range Width 1.034514E+00
Mean 8td. Error 1.965056E-03

Farecast: CA - Headspace [H2) (%LFL)

5,000 Trisls Frequency Chant 0 Outliers
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Focst 1627
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Forecast: CA - Headspace [H2] (%LFL) {cont'd)
Percentiles:

Percentile
0.0%

2.5%
5.0%
50.0%
95.0%
97.5%
100.0%

End of Forecast

E-84

Value
1.230636E-02
5.602609E-02
6.961102E-02
2.023596E-01
5.047364E-01
5.852620E-01
1.046821£+00

Cell: G216




Summary:

Statistics:
Trials
Mean
Median
Mode
Standard Deviation
Variance
Skewness
Kuriosis
Coeff, of Variability
Range Minimum

w

RPP-10006 REV 1

Forecast: CA - Headspace [CH4] {%LFL)

Display Range is from 1.007171E-4 to 2.734596E-1
Entire Range is from 1.0067171E-4 to 2.734596E-1
After 5,000 Trials, the Sid. Error of the Mean is 4,075501E-4

AY-102 me report 020422 xls

Value
5000

1 2.44B052E-02

1.387938k-02
2.881814E-02
8.304853E-04
2.501828E+00
1.226290E+01
1.178149E+00
1.007171E-04

Range Maximum 2.734586E-01
Range Width 2.733580E-01
Mean Std. Error 4075501604
| " Forecast: CA - Headspace [CHA] (%LFL)
| 5,000 Trials Frequency Chart 6 Outllers
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Forecast: CA - Headspace [CH4) (%LFL) {cont'd)
Percentiles:

Pargentile
0.0%
2.5%
5.0%

50.0%
85.0%
97.5%
100.0%

E£ng of Forecast

E-86

Value
1.007171E-04
8.312110E-04
1.307859E-03
1.387938E-02
8.313112E-02
1.035812E-01
2.734596E-01

Cell: G217
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Forecast: CA - Headspace [NH3] (%LFL)

Summary:

Display Range is from 1.576684E-5 to 6.568272E-2
Entire Range is from 1.576684E-5 to 6.568272E-2
After 5,000 Trials, the Std. Error of the Mean is 8.967079E-5

Statistics’
Trials
Mean
Median
Maode
Standard Deviation
Veariance
Skewness
Kurtosis
Coeff. of Variability

AY-102 me report 020422 xls

Value

5000
5.310598E-03
2.526951E-03

6.340683E-03
4.020426E-05
2.341635E+00
1.087740E+01
1.193968E£+00

Range Minimum 1.576684E-05
Range Maximum 6.568272E-02
Range Width 6.568696E-02
Mean Std. Error 8.9687079E-05
Forecast: CA - Headspace [NH3] (ALFL)
5,000 Trisls Frequency Chert 0 Outliers
A7 - - BFS
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Forecast: CA - Headspace [NH3] (%LFL) {cont'd)
Percentiles:

Peri ile
0.0%
2.5%
5.0%

50.0%
95.0%
97.5%
100.0%

£nd of Forecast

E-88

Cell: G218

Value
1.576684E-05
3.457823E-04
4.695205E-04
2.5268951E-03
1.818463E-02
2.240481E-02
6.568272E-02
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Forecast: CA - Headspace Flam Gas Conc (%LFL)

Summary:
Display Range is from 1.555804E-2 to 1.124426E+0
Entire Range is from 1.555804E-2 to 1.124426E+0
After 5,000 Trials, the Std. Error of the Mean is 2.138442E-3

Statistics: Value
Trials 5000
Mean 2.635019E-01
Median 2.305714E-01
ttode
Standard Deviation 1.512107E-01
Variance 2.286487E-02
Skewness 1.324012E4+00
Kurtosis 5.452573E+00
Coeff. of Variability 5.738504E-01
Range Minimum 1.555805E-02
Range Maximum 1.124426E+00
Range Width 1.108B868E+00
Mean Std. Error 2,138442E-03

Forecast: CA - Headspace Flam Gas Cone (36LFL)
5,000 Trials Fregquency Chort 2 Outliers
mg 197
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Forecast: CA - Headspace Flam Gas Conc (%LFL) {cont'd) Cell: G219
Percentiles:
Percentile Vae
0.0% 1.555805E-02
2.5% 6.642011E-02
5.0% 8.439511E-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

Summary:

Display Range is from 1,000000E+0 to 3.000000E+0
Entire Range is from 1.000000E+0 10 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 3.000000E+00
Standard Deviation 6.322024E-02
Variance 3.896799E-03
Skewness -3.156585E+01
Kurtosis 9.976018E+02
Coeff. of Variability 2.108747E-02
Range Minimum 1.000000E+00
Range Maximum 3.000000E+00
Range Width 2.000000E+00
Mean Std. Error 8.940693E-04

Forecast: CA - Waste Category
5,000 Trials Frequency Chart 0 Outliers
J4g
£ my
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Forecast: CA - Waste Category (cont'd) Call: G220

Percentiles:

Percentile Value
0.0% 1.0000C0E+Q0

2.5% 3.000000E+00
5.0% 3.000000E£+00
50.0% 3.000000E+00
85.0% 3.000000E+00
97.5% 3.000000E+00
100.0% 3.000000E£+00

£nd of Forecast




RPP-10006 REV 1

AY-102 me report 020422 xls

Forecast: CA - Energy Ratio (Dimansioniess)

Summary:

Display Range is from 3.886857E+0 to 6.948752E+1
Entire Range is from 3.886857E+0 to 6.948752E+1
After 5,000 Trials, the Sid. Error of the Mean is 1.384074E-1

Statistics:
Trials
Mean

Median

Mode

Standard Deviation
Variance
Skewness
Kurtosis
Coeff, of Variahility
Range Minimum
Range Maximum
Hange Width
Mean Std. Error

Value

5000
1.326820E+01
9.427645E+00

9.786883E+00
9.578309E+01
1.898851E+00
6.446816E+00
7.376198E-01
3.886857E+00
6.948752E+01
6.560066E£+01

1.384074E-01

Forecast: CA - Energy Ratlo { sionm;

5,000 Trials Frequency Charl 0 Outliers
098 473
o - w7
£ )
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Forecast: CA - Energy Ratio {Dimensionless) (cont'd) Cell: G223
Percentiles:

rcentile Value

0.0% 3.886857E£+00

2.5% 4.958113E+00

5.0% 5.262880E+00

50.0% 9427645400

95.0% 3.639449E+01

97.5% 4.248245E4.01
100.0% £.948752E+01

End of Forecast
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Forecast: CA - "Specific Gravity (CL)" X "NCL Dept

Summary:
Display Range is from 4.388674E+1 to 1.010841£42
Entire Range is from 4.388674E+1 to 1.010841E+2
After 5,000 Trials, the Std. Error of the Mean is 1.17D097E-1

Statistics: Value
Trialg 5600
Mean 7.188251E+01
Median 7.184758E+01
Mode -
Standard Deviation 8.273836E+00
Variance 6.845636E+01
Skewness 5.187557E-02
Kurtosis 2.835636E+00
Coeff. of Variability 1.151022E-01
Range Minimum 4.388674E+01
HRange Maximum 1.010841E+02
Range Width 5.719740E+01
Mean Std. Error 1,170097E-01

Forecast: CA - “Specific Gravity (CLY" X "NCL Dept

5,000 Tdals Freguency Chert 0 Qutllers
J T 186
023 17
£ my
E 016 78 3
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= L
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4.330674E +1 5.471B606E+1 7248544641 Be7a4m9k41 1.010844EZ

E-95

Cell: G225




RPP-10006 REV 1

AY-102 mc report 020422 xls

Forecast: CA - "Specific Gravity (CL)” X "NCL Dept (cont'd)

Percentiles:

Petcentile
0.0%

2.5%
5.0%
50.0%
95.0%
97.5%
100.0%

nd of Forecast

E-96

Value
4.388674E+01
5.616839E+01
5.850138E+01
7.184758E+01
8.586644E+01
8.823841E+01
1.010841E+02

Cell: G225
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Foracast: CA - Buoyancy Ratlo (Dimensionless) Cell: G226

Summary:

Display Range is from 3.786400E-1 to 2.605113E+0

Entire Range is from 3.786400E-1 to 2.605113E+0

After 5,000 Trials, the Std. Error of the Mean is 4.102137E-3

Statistics: Value

Trials 5000
Mean 1.054339E+00
Median 1.022918E+00
Mode
Standard Deviation 2.900640E-01
Variance 8.413762E-02
Skewness 8.099364E-01
Kurtosis 4.270376£+00
Coeff. of Variability 2.751154E-01
Range Minimum 3.786400E-01
Range Maximum 2.605113E+00
Range Width 2.206473E+00
Mean Std. Error 4.102137£-03

Forecesi: CA - Buoyancy Ratino (Dimensionbess)

5,000 Trinls Frequency Chart 0 Qutllers
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Forecast: CA - Buoyancy Ratio (Dimensionless) (cont'd) Cell: G226
Percentiles:
Percentile Value
0.0% 3.786400E-01
2.5% 5.848157E-01
5.0% 6.489091E-01
50.0% 1.022918E+00
95.0% 1.577409E+00
97.5% 1.702601E+00
100.0% 2.605113E+00

End of Forecast
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Forecast: Vol Gas Released {m3)

Summary:

Display Range is from 1.053760E+1 to 2.116693E+2
Entire Range is from 1.053760E+1 to 2.116693E+2
After 5,000 Trials, the Std. Error of the Mean is 3.953726E-1

Statistics:
Trials
Mean
Median
Mode
Standard Deviation
Variance
Skewness
Kurtosis
Coeff. of Variability
Range Minimum
Range Maximum
Range Width
Mean Std. Error

Value

5000
6.269668E+01
5.725527E+01

2.795707E+01
7.815976E+02
1.083468E+00
4.519956E+00
4.459068E-01
1.053760E+01
2.116693E+02
2.011317E+02

3.953726E-01

Farecast: Vol Gas Released (n3)

5,000 Trials Frequency Chart 0 Outliers
&8 1@
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e 1432
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Forecast: Vol Gas Released (m3) (cont'd) Call: G45
Percentiles:
Percentile Value
0.0% 1.053760E+01
2.5% 2.371129E+01
5.0% 2.697521E+01
50.0% 5.725527E+01
95,0% 1.168428E402
97.5% 1.315525E+02
100.0% 2.116693E+02

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

Summary:
Display Range is from 0.000000E+0 o 0.000000E+0
Entire Range is from 0.000000E+0 to 0.0006000E+0
After 5,000 Trials, the Std. Error of the Mean is 0.000000E+0

Statistics: Value
Trials 5000
Mean 0.000000E+00
Median 0.000000E+00
Mode 0.000000E+00
Standard Deviation 0.000000E+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

Forecast: Over Tank Op Limit Forecast (1=Overiimit
5,000 Trials Frequency Chart 0 Qutllers
1000 F 800
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Forecast: Over Tank Op Limit Forecast (1=Overlimit (cont'd) Celi: G5

Percentiles:

Pergentite Value

0.0% 0.600000E+00

2.5% 0.000000E+00

5.0% 0.000000E400

50,0% 0.000000E+00

95.0% 0.000000E+00

97.5% 0.000000E+00

100.0% 0.000000E+00
End of Forecast

E-102




Summary:
Display Range is from -5.000000E-1 to 1.500000E+0
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Forecast: Wnel Depth Criterion

Entire Range is from 0.000000E+0 to 1.000000E+0
After 5,000 Trials, the Std. Error of the Mean is 4.886528E-4

Statistics: Yalye
Trials 5000
Mean 9.933000E-01
Median 1.000000E+00
Mode 1.000000E4-00
Standard Deviation 3.462389E-02
Variance 1.198800E-03
Skewness -2.880688E+01
Kurtosis 8.310020E+02
Coeft. of Variability 3.466520E-02
Range Minimum 0.000000E+00
Range Maximum 1.000000E+00
Range Width 1.000000E+00
Mean Std. Error 4.896529E-04

Forecast: Wnel Depth Criterion
5,000 Trials Frequency Chart 0 Outliers
9 A0
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Forecast: Wncl Depth Criterion (cont'd)

Percentiles:

Percentile
0.0%
2.5%
5.0%

50.0%
95.0%
97.5%
100.0%

End of Forecast

E-104

Value
0.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.060000E+00
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Forecast: Headspace FG Criterion

Summaty:
Display Range is from 0.000000E+0 to 1.000000E+0
Entire Range is from 0.00G000E~+0 to 1.000000E+0
After 5,000 Trials, the Std. Error of the Mean is 4.836520E-4

Statistics: Value
Trials 5000
Mean 9.988000E-01
Median 1.000000E+00
Mode 1.000000E+00
Standard Deviation 3.462369E-02
Variance 1.188800E-03
Skewness -2.880688E+01
Kurtosis 8.310020E+02
Coeff. of Variability 3.466520E-02
Range Minimum 0.000000E+00
Range Maximum 1.000000E+00
Range Width 1.000000E+00
Mean Std. Error 4. 896520E-04

Forecast: Headspace FG Criterion
5,000 Trials Frequency Charl o Outllers
9 S 4504
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Forecast: Headspace FG Criterion (cont'd) Call: X68

Percentiles:

Percentile Yalye

0.0% 0.000000E+00

25% 1.000000E+00

5.0% 1.000000E+00

50.0% 1.000000E+00

95.0% 1.000000E+00

a7.5% 1.000000E+00

100.0% 1.000000E+00
End of Forecast
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Foracast: Non-Convective Waste Density (kg/m3)

Summary;
Display

Range is from 1.305560E+3 to 1.490533E+3

Entire Range is from 1.304341E+3 to 1.490593E+3
After 5,000 Trials, the Std. Error of the Mean is 6.686106E-1

Statistics: Value
Trials 5000
Mean 1.397261E+03
Median 1.397518E+03
Mode
Standard Deviation 4.734362E+01
Variance 2.241892E+03
Shkewness -B.646637E-03
Kurtosis 2.052051E+00
Coeff. of Variability 3.388674E-02
Range Minimum 1.304341E+03
Range Maximum 1.490593E+03
Range Width 1.862522E+02
Mean Std. Error 6.696106E-01

Forecasi: Non-Convective Waste Denstty (kg/m3)
5,000 Trials Frequency Chert 20 Outliers

Probability

1.305E0E+3 135180%E+3 1.208046E+3 1444250843
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Forecast: Non-Convective Waste Density (kg/m3) (cont'd) Celi: G13

Percentiles:

Percentile Yalue

0.0% 1.304341E+03

25% 1.312034E+03

5.0% 1.320065E+03

50.0% 1.387516E+03

95.0% 1.474211E+03

97 5% 1.4819128+03

100.0% 1.4905935+03
End of Forecast
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Summary:
Display Range is from 1.073363E+3 to 1.223615E+3
Entire Range is from 1.073363E+3 to 1.226646E+3
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Forecast: Convectiva Waste Density (kg/m3)

After 5,000 Trials, the Std. Error of the Mean is 5.566191E-1

Statistics:

Yalue
Trials 5000
Mean 1.150192E+03
Median 1.150186E+03
Standard Deviation 3.935892E+01
Variance 1.549124E+03
Skewness -2.225238E-02
Kurtosis 2.048221E+00
Coeff. of Variability 3.421944E-02
Range Minimum 1.073363E+03
Range Maximum 1.226646E+03
Range Width 1.532830E+02
Mean Std. Error 5.566191E-01

Foracast: Convective Waste Density (ky/m3)

5,000 Trisls Frequency Chert 56 Quiliers

Prahability

1.110006E+3 1148486643 11060803
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Forecast: Convective Waste Density (kg/m3) (cont'd)

Percentiles:

Percentile
0.0%
25%
5.0%

50.0%
95.0%
97.5%
100.0%

End of Forecast

RPP-10006 REV 1

E-110

AY-102 mc report 020422 xls

Yale
1.073363E+03
1.079462E+03
1.085453E+03
1.150186E+03
1.214205E403
1.219810E+03
1,226846E+03
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Forecast: WA - Convective Waste Depth (m)

Summary:

Display Range is from 4,398787E+0 {0 5.294502E+0
Entire Range is from 4,265865E-+0 to 5.405944E+0

After 5,000 Trials, the Std. Error of the Mean is 2.369185E-3

Statistics: Value
Trals 5000
Mean 48155736400
Median 4.815017E400
Maode -
Standard Deviation 1.675267E-01
Variance 2.806519E-02
Skewness 3.149074E-02
Kurtosis 3.011388E+00
Coeff. of Variability 3.478862E-02
Range Minimum 4.265865E400
Range Maximum 5.405944E+00
Range Width 1.140079E+00
Mean Std. Error 2.369185E-03

Forecast: WA - Convective Waste Depth (m)
Frequency Charl 43 Outliers

4. 08TB7EAC

A EGRZTIEND 4 BABGASE D 5070673640

Axwanbary
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Forecast: WA - Convective Waste Depth (m) (cont'd) Celi: G88

Percentiles:

Bercentile Value

0.0% 4.265865E+00

2.5% 4.483376E+00

5.0% 4.533116E+00

50,0% 4.815017E+00

96.0% 5.092513E+00

97.5% 5.144025E+00

100.0% 5.405944£400
End of Forecast
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Forecast: WA - Vol Gas Released {m3)

Summary:
Display Range is from 1.060526E+1 to 1.382137E+2
Entire Range is from 1.060526E+1 to 2.130097E+2
After 5,000 Trials, the Std. Error of the Mean is 3.978590E-1

Statistics: Value
Trials 5000
Mean 6.309144E4+01
Median 5.761847E+01
Standard Deviation 2.813288E401
Variance 7.914580E402
Skewness 1.093487E+00
Kurtosis 4.519982E+00
Coeff. of Variability 4,459085E-01
Range Minimum 1.060527E+01
Range Maximum 2.130097E+02
Range Width 2.024044E402
Mean Sid. Error 3.978500E-01

Forocast: WA - Yol Gas Released (m3)

- 119

8925

-
Axanbaiy
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o

1.060826E+1 4290736 T A4 1083116842 1.382157E+2

5,000 Triaks Fraquency Chwrt 101 Outliers
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Foracast: WA - Vol Gas Released (m3} (cont'd)

Percentiles:

Percentile
0.0%
25%
5.0%

50.0%
05.0%
97.5%
100.0%

End of Forecast

E-114
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Valug
1.060527E+01
2.385391E+01
2.714170E+01
5.761847E+01
1.173023E+02
1.323711E402
2.130097E+02
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Forecast: CA - Convective Waste Density (kg/m3)

Summary:

Display Range is from 1,043.65 10 1,271.82
Entire Range is from 1,041.47 10 1,272.81
After 5,000 Trials, the Std. Error of the Mean is 0.71

Statistics:

Value
Trials 5000
Mean 1,157.58
Median 1,157.31
Mode
Standard Deviation 50.26
Variance 2,526.14
Skewness -0.01
Kurtosis 2.38
Coeff. of Variability 0.04
Range Minimum 1,041.47
Range Maximum 1,272.81
Range Width 231.34
Maan Std. Error 0.71
Forecast: CA - Convective Waste Density (kg/m3)
5,000 Trinle Frequency Chwrt 13 Outliers
me 4 st
ms 7275
£ =y
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Forocast: CA - Convective Waste Density (kg/m3) {(cont'd)

Percertiles:

Percentile
0.0%
2.5%
5.0%

50.0%
95.0%
87.5%
100.0%

End of Forecast

E-116

Yalue
1,041.47

1,060.94
1,072.65
1,157.31
1,242.81
1,281.77
1,272.81



Summary:
Display Range is from 9.947849E-1 to 1.368898E+1
Entire Range is from 9.947849E-1 {0 1.729489E+1

RPP-10006 REV 1
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Forecast: CA - Void Fraction (Dimensionless)

After 5,000 Trials, the Std. Error of the Mean is 3.896073E-2

Statistics:

Value
Trials 5000
Mean 6.455877E+00
Median 5.978227E+00
Standard Deviation 2.754940E+00
Variance 7.589693E+00
Skewness 9.879704E-01
Kurtosis 3.984B808E+00
Coeff. of Variability 4.267336E-01
Range Minimum 9.947849E-01
Range Maximum 1.729489E+01
Range Width 1.630011E4+01
Mean Std. Error 3.896073E-02

Forecast: CA - Void Fraction (Dimensioniess)
Frequency Chart 103 Outllers

4.16834E.4

T3MBMELD
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Forecast: CA - Void Fraction (Dimensionless) (cont'd) Cell: G186

Percentiles:

Pergentile Value

0.0% 9.947849E-01

2.5% 2.550529E+00

5.0% 2.848612E400

50.0% 5.978227E+00

95.0% 1.185415E+01

97.5% 1.351590E+01

100.0% 1.729489E+01
End of Forecast
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Forecast: WA - Convective Waste Density (kg/m3) Cell: GI1

Summary:
Display Range is from 1,073 to 1,224
Entire Range is from 1,073 f0 1,227
After 5,000 Trials, the Std. Error of the Mean is 1

Statistics: Value
Trials 5000
Mean 1,150
Median 1,150
Mode
Standard Deviation 39
Variance 1,548
Skewness -0.02
Kurtosis 2.05
Coeff. of Variability 0.03
Range Minimum 1,073
Range Maximum 1,227
Range Width 163
Mean Std. Error 0.56

Forecast: WA - Convective Waste Density (kg/m3)

5,000 Trials Frequency Charl 56 Outliers
o5 -

Prababitity
g B
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1973 1,11 1,148 1,186 1224
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Forecast: WA - Convective Waste Dansity (kg/m3) (cont'd) Celi: GO

Percentiles:

Bercentile Valye

0.0% 1,073

2.5% 1,079

5.0% 1,085

50.0% 1,160

956.0% 1,214

97.5% 1,220

100.0% 1,227
£nd of Forecast
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mptions
Assumption: Wetted Non-Convective Waste Depth (m) Cell: W10
Normal distribution with parameters:
Mean 1.57 (=W10)
Standard Dev. 017 (=X10)

Selected range is from 0.01{=Y10) 10 9.24(=Z10)

et M Commactive Wkt Deplh o}

Assumption: Convective Waste Dapth (m) Cell: W11
Normal distrbution with parameters:
Mean 473 (=W11)
Standard Dev. 017  (=X11)

Selected range is from 0.00(=Y11) to 9.24{=Z11)

Canvacive Wrasse Dephh ()

Assumption: Void Fraction (na) (Normal) Cell: W27
Normal distribution with parameters:
Mean 15.0000 (=W27)
Standard Dev. 6.2000 (=X27)

Selected range is from 0.0000(=Y27) to 20.0000(=Z27)

E-121
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Assumption: Void Fraction (na) (Normal) {cont'd) Cail: W27
Yokt Fracilon {ne) (Normel)
Assumption: headspace Gas Ratio CH4 (Normal) Ceoll: W31
Normal distribution with parameters:
Mean 1.50E+01 (=W31)
Standard Dev. 6.20E+00 (=X31)

Selected range is from 1.00E-8(=Y31) to 2. 00E+1(=Z31)

Taciagmon Chue lellc CHY. (ool

Assumption: headspace Gas Ratio N20 (Normal) Ceil: W33
Normal distribution with parameters:
Mean 15.0000 (=W33)
Standard Dev. 6.2000 (=X33)

Selected range is from 0.0000(=Y33) to 20.0000(=Z33)

R8s
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Assumption: retained Gas Composition N2
Normal distribution with parameters:
Mean 20.2000 (=W3b)
Standard Dev, 20,3700  (=X35)

Selected range is from 0.0001(=Y35) to 76.0000{=Z35)

-3 210

Assumption: rotained Gas Composition NH3 (%) (Normal
Normal distribution with parameters:
Mean 15,0000 {=W37)
Standard Dev. 6.2000 (=X37)

Selected range is from 0.0000(=Y37) to 20.0000(=237)

33 000

Assumption: Void Fraction {na) {LogNormal)
Lognormal distribution with parameters:
Log Mean 17733  (<W28)
Log Std. Dev. 0.4354 (=X28)

Selected range is from 0.0100(=Y28) to 17.7070(=Z26)
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Assumption: Void Fraction {na) (LogNormal} (cont'd)

Yol Feaction (e} (Loghormal)

...........

Assumption: headspace Gas Ratio CH4 (LogNorm)
Lognormal distribution with parameters:
Log Mean 21200 (=W32)
Log Std. Dev. 1.4900 (=X32)

Selected range is from 0.0001(=Y32) to 0.4000{=Z32)

TwaSancs Con Sk G4 (kpghlney

Assumption: headspace Gas Ratio N20 (LogNomn)
Lognormatl distribution with parameters:
Log Mean -1.2800 (=W34)
Log Std. Dev. 0.9000 (=X34)

Selected range is from 0.0001(=Y34) to 0.7000(=Z34)

hamdepaoe (s et N3O {Loghorry

boiar 1048 2t FTE 13n
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Assumption: Non-Convective Waste Yield Stress (Pa) Celi: W29
Uniform distnbution with parameters:

Minimum 50.0000 (=Y29)
Maximum 500.0000 (=Z29)

Nor-Cormeciies Wasle Yield Sirmee (%

.00 R 000 T B0C 30D 00O

Assumption: HGR in NCL Waste (moles/m3/day) Cell: W41
Normal distribution with parameters:
Mean 1.54E-02  (=W41)
Standard Dev. 377E-02  (=X41)

Selected range is from 3.77E-2(=Y41) to 1.51E-1(=Z41)

free T2 78482 18k iz )

Assumption: retained Gas Composition NH3 (%) (contLi Cell: W38
Custom distribution with parameters: Relative Prob.
Continuous range 0.0100 to 0.0311 0.02
Continyous range 00311 to 0.0695 0.04
Continuous range 0.0695 to 0.1171 0.06
Continuous range 01171 to 0.1370 0.07
Continuous range 01370 to 0.1820 0.09
Continucus range 01920 to 0.2343 o
Continuous range 0.2343 to 0.2663 0.13
Continuous range 0.2963 to 0.3346 0.1
Continuous range 0.3346 to 0.3492 0.47
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Assumption: retained Gas Composition NH3 (%) (contLi (cont'd) Cell: W38
Continuous range 0.3492 to 0.3760 0.19
Continuous range 03760 to ¢.3990 0.20
Continuous range 03990 to 0.4545 0.22
Contirucus range 04548 1o 0.4919 0.24
Continuous range 0.4919 to 0.5320 0.26
Continuous range 05320 fo 0.5482 0.28
Continuous range 0.5482 to 0.5792 0.30
Continuous range 05792 1o 0.5878 0.31
Continuous range 0.5978 to 0.6364 033
Continuous range 06364 to 0.6717 0.35
Continucus range 0.6717 1o 0.7074 0.37
Continuous range 0.7074 to 0.7668 0.39
Continuous range 0.7668 to 0.7772 0.4
Continuous range 0.7772 to 0.8102 043
Continuous range 08102 to 0.8280 044

. Continuous range 0.8280 to 0.8595 0.46
Continuous range 0.8585 to 0.9235 0.48
Continuous range 09235 to 0.9548 0.50
Continuous range 0.9648 to 1.0291 0.52
Continucus range 10291 1o 1.0720 0.54
Continuous range 1.0720 to 1.1281 0.56
Continuous range 11281 to 1.1597 0.57
Continuous range 1.1897 to 1.2173 0.59
Continuous range 12173 to 1.2854 0.61
Continuous range 1.2854 1o 1.3978 0.63
Continuous range 13978 to 1.4821 0.65
Continuous range 14821 1o 1.4956 0.67
Continuous range 1.4956 to 15774 0.69
Continuous range 15774 10 1.7573 0.70
Continuous range 17573 to 1.8741 0.72
Continuous range 18741 to 2.0080 0.74
Continuous range 20080 to 21871 0.76
Continuous range 21571 to 23184 0.78
Continuous range 23184 to 3.0867 0.80
Continucus range 3.0867 to 4.1636 0.81
Continuous range 41636 1o 4.9957 0.83
Continuous range 49957 to 5.6075 (.85
Continuous range 58075 to 5.8423 0.87
Continuous range 58423 to 6.5631 089
Continuous range 85631 to 7.0487 091
Continuous range 7.0487 to 7.7154 0.93
Continuous range 77154 to 8.5787 094
Continuous range 85787 1o 9.2357 0.96
Continuous range 9.2357 o 11.5184 0.98
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Assumption: retained Gas Composition NH3 (%) (contli {cont'd)

Continucus range 115184 1o 17.6000
Total Relative Probability

Assumption: Total Non-Convective Waste Depth (m)

Normal distribution with parameters:
Mean 157 (=W8)
Standard Dev. 017 {=X9)

Selected range is from 0.01(=Y9) to 9.24(=28)

Tetal Non-Cormeectie Waste Dapih (w)

Assumption: Non-Convective Waste Density (kg/m3)
Normal distribution with parameters:
Mean 1.40E+03 (=W13)
Standard Dev. 6.99E+01  (=X13)
Selected range is from 1.40E+3(=Y13) to 1.49E+3(=Z13)
Correlated with:

Convective Waste Density (kg/m3) (W15) 0.70
CA - Convective Waste Density (kg/m3) { 0.70
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Assumption: Non-Convective Waste Density (kg/m3) {cont'd) Cell: W13
Mo Wi Clocity ey
Assumption: Convective Waste Denaity (ko/m3) Cell: W15
Normal distribution with parameters:
Mean 1.15E+03 (=W15)
Standard Dev. 575E+01  (=X15)

Selected range is from 1.15E+3(=Y15) 1o 1.23E+3(=Z15)

Correlated with:
Non-Convective Waste Density (kg/m3) (v 0,70

st
IRy (AQWTn

BruLy 1003 REE 2t} X1 (hd 4t

Assumption: CA - Convective Waste Density (kg/m3) Cell; Wi72
Normal distribution with parameters:
Mean 116E+03 (=W172)
Standard Dev. 579E+01  (=X172)
Selected range is from 1.16E+3(=Y172} to 1.27E+3(=Z172)

Correlated with:
Non-Convective Waste Density (kg/m3) (v 0.70
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Assumption; CA - Convective Waste Density (kg/m3) {cont'd) Cell: Wi72

i - Cormeciive Waske Dwnsity [yl

PRE,D 1 0IE-3 REL 2 AMNE 138545

Assumption: Random Number 0 to 1 Cell: W17
Uniform distribution with parameters:

Minimum 0.00 (=Y17)
Maximum 1.00 (=217)

Farciom Number 0901

Assumption: Non-Convective Waste Density - Low {kg/m Cell: W14
Normal distribution with parameters:
Mean 1.40E+03 (=W1i4)
Standard Dev. 6.99E+01 (=X14)
Selected range is from 1.30E+3(=Y14) to 1.40E+3(=714)

Correlated with:
CA - Convective Waste Density - Low (kg/ 0.70
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Assumption: Non-Convective Waste Density - Low (kg/m (cont'd) Cell: W14

Non-Convactive Wasle Dually - Low (sgm

Assumption: Convective Waste Density - Low (kg/m3} Coll: W16
Normal distribution with parameters: ‘
Mean 1.15E+03 (=W18)
Standard Dev. 5.75E+01 (=X16)

Selected range is from 1.07E+3{=Y16) to 1.15E+3(=Z16)

Corwictive Wests Durwity - Low ety

Assumption: CA - Convective Waste Density - Low (kg/ Cell: W173
Normal distribution with parameters:
Mean 1,167.18  (=W173)
Standard Dev. 5786 (=X173)
Selected range is from 1,041.46(=Y173) to 1,157.18(=Z173)

Correlated with:
Non-Convective Waste Density - Low {kg/r 0.70
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Assumption: CA - Convective Waste Density - Low (kg/ {cont'd) Call: W173

A~ Corvctive Wanls Darwlly - Lo (ky

End of Assumptions
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T. Waste Tank Tark Tank Tank Void Void Void
Asls Depth Class Class Class Class Fraction  Fraction Fraction
(m) {95% Cl)  (Mean #} {Min) {Max) 85%Cl Median  Maximum
AY-102 83 | ¢ ] 300 | A ¢ 0,119 0060 | o178 |
h15 h322 h285 h293 h284 h270 h232 h240
WA WA WA WA WA WA WA WA
T. Waste Tank Tank Tank Tank Void Void Void
Water Depth Clags Class Class Class Fraction Fraction  Fraction
Addition {m) (85%Cl) {Mean #) {Min) {Max) 85%Cl Modian  Maximum
AY-102 84 | ¢ 300 | A C 0.119 0060 | w0178 |
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  Fraction
Addition {m) {85% Cl)  (Mean #) {Min} {Max) 95%Cl Median  Maximum
AY-102 84 | € } 300 | A c 0.119 DOBO { D173 |
h1257 h2482 h2445 h2453 h2454 h3t36 h3148 h3156
%A %R %C Estey Estey Estey Buoyancy Buoyancy
Asls Criteria Criteria Criteria Ratio Ratio
{min) (93%ChH {max) {min) {(Median)
AY-102 00 | o1 | 98 [ 45 85 99 030 | 102 |
he71 h702 H672 hs563 h556
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RindH2  HSH2 HSCH4 HSNHZ FGConc FGCorc Depth Crit Depth Crit
Asis Conc (%) Conc (%) Conc Conc {%LFL) (%LFL) Ratio Ratio
Mean Mean (%) (%) 85%C Modian 95%C1 Median
[ Av102 | 419% | o9% | o129« | o008% | 5% | 2% | 13 | 1074 |
h17 h879 heas hoa? h4sé hads h648 h&10
WA WA WA WA WA WA WA WA
Rin'd H2  HS H2 HSCH4 HSNH3 FGConc FGConc Depth Crit Depth Crit
Water Conc(%) Conc(%)  Conc Conc (%LFL)  (%LFL) Ratlo Ratio
Addition Mean Mean (%) {%) 85%C1 Median 95%C| Madian
boAv1o2 | 419% | o9% | o12% | ooe% | S5% | 23% | 1319 | 1080 |
h717 h1419 h1473 h1s27 h1782 h1744 h1404 h1366
CA CA CA CA CA CA CA CA
Rin'dH2  HS H2 HSCH4 HSNH3 FGConc FGConc Depth Crit Depth Crit
Caustic Conc(%) Conc(%)  Conc Conc (WLFL)  (%LFL) Ratlo Ratio
Addition Mean Mean (%) (%) '95%CI Median 95%Cl Median
| Av102 | 419% | ow% | o012% | oo08% | s5% | 23% | o237 | 9297 |
h717 h2067 h2121 h2175 h2430 h23g2 h2052 h2014
Buoyancy  Energy Energy Wnel  %LFL Depth 10,000 gal 10,000 gal
As s Ratio Ratio Ratio Depth Crit  Criteria ASIS H20 Caustic
(max) {min) (max)  (Pass ->1) (Pass-«1) Addition  Addition
[ Avo2 | 316 | 344 | e41 | o088 | s | ¢ | ¢ | ¢ |
h564 h509 h510 Mé Mi3 M20
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Energy Energy Estey Estey Buoyancy Buoyancy

Asls Ratio Ratio Criterion  Criterion Ratio Ratio
95%Cl Median 95%Cl Median 95%Cl Modian
[ Av102 | 26038 | o9a3s2 | 84712 | 71444 | 1847 | 1016 |
h540 h502 h702 h&&4 h594 h556
WA WA WA WA WA WA
Energy Energy Estey Estey Buoyancy Buoyancy
Water Ratio Ratio Criterion*©  Criterion Ratio Ratio
Addition 95%Cl Madian 95%Cl Median 85%Cl Median
Av-102 | 3rere | 9n3 | e4mz | 71444 | 15786 | osso |
h1880 ht852 higd4 h1906 h1998 h1860
CA CA CA CA CA CA
Energy Energy Estey Estey Buoyancy Buoysncy
Caustic Aatio Ratio Criterion  Criterion Ratio Ratlo
Addition 85%Cl Median 85%Cl - Median 85%Cl Medisn
AY-102 | 38394 | 948 | 85866 | 71848 | 1577 | 1023 |

h2538 h2500 h2582 = h2554 h2646 h2608

TankOp  Wncl  %LFL Depth Bouyancy RindHZ  HS H2

Asls Limit  Depth Crit  Criteria Retic  Conc(%) Conc {%)
Exceeded? (% Pass) (% Pass) Factor {Median)  (Median)
AY102 | No | 9988 | oose | 13343 | 410% | os% |
h2724 h718 has0
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T. Waste Tank Tank Tank Tank Void Void Void
Asls Depth Ciass Class Class Class Fraction  Fraction  Fraction
(m) {95% Cl)  (Moan #) {Min) {Max) 95%0C| Medlan  Maximum
| Av.102 63 | c 300 | A C | o11e | o080 | o178 |
h1s h322 h285 h293 h294 h270 h232 h240
WA WA WA WA WA WA WA WA
1. Waste Tank Tonk Tank Tank Void Vold Void
Water Depth Class Class Class Class Fraction Fraction  Fraclion
Addition {m} (85% Cl} {Meoan #) {Min) {Max) 95%Cl Mecian Maximum
| Av-102 64 | C | 300 | A C | o11e | ocoe0 | o178 |
hta1t 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 Depih Class Class Class Class Fraction  Fraction  Fraction
Addition {m) (85% Cl}  (Mean #) {Min) {Max) 95%ClI Madien Maximum
| Ay-102 64 | ¢ | 300 | A ¢ | o119 | oo0ec | 0173 |
h1257 h2482 h2445 h2453 h2454 h3186 - h3148 h3158
%A %B %C Estey Estey Estey Buoyancy Buoyancy
Asls Criteria Criteria Criteria Ratio Ratio
{min) (85%Cl) {max} {min) {Median)
| Ay-102 60 | o1 | g8 | 45 85 | e | o3 | 102 |
he71 h702 HE672 h563 h556
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HS CH4 HSNH3 FGCone FGConc Depth Crit Depth Crit

Conc Conc {%LFL) (%6LFL) Ratio Ratio
(%) (%) 95%Cl Median $5%C! Median
[ Av-102 | 012% | oos%e | s5% | 28% | 1338 | 1074 |
hoaa hoa7 h486 h4ag h648 h&10
WA WA WA WA WA WA
HSCH4 HSNH3 FGConc FGConc Depth Crit Depth Crit
Conc Conc (%LFL) (%LFL) Ratio Ratio
{%) (%) 95%C Median 85%Cl Median
| Av-1p2 | 0.12% | ooe% | s5% | 23 | 1318 | 1080 |

h1473 h1527. hi782 h1744 h1404 h1366

CA CA CA CA CA CA
HSCH& HSNH3 FGConc FGConc Depth Crit Depth Crit
Conc Conc (%LFL) (%LFL) Hatio Ratio
(%) (%) 85%Cl Modian 95%C1 Median
| Av-102 | 012% | o008% | 55% | 23% | 9237 | 9237 |
hz121 h2175 h2430 h2382 h2052 h2014
Energy Wncl  %LFL Depth 10,000 gal 10,000 gal
Ratio  Depth Crit  Criteria ASIS H20 Caustic
imax} (Pass-»1) (Pass-<1) Addition  Addition
| AY-102 | 641 | 9088 | 9wss | ¢ | ¢ | ¢ ]
h510 M6 M13 M20
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Energy Energy Estoy Estey Buoysncy Buoyancy

Asls Ratic Ratio Crterion  Criterion Aatio Ratio
95%Cl Modian 85%C1 Median §5%CI Median
[ Av1o02 | 36030 | ea3se | e4712 | 71444 | 1847 | 1018 |
hs40 hsoz h7o2 h664 hsa4 hs56
WA WA WA WA WA WA
Ensrgy Energy Estoy Estey Buoysncy Buoyancy
Water Ratio Ratio Criteion  Criterion Ratio Ratio
Addition 95%Cl Madian 85%C1 Median 95%Cl Median
Av-102 | 37276 | 9713 | 84712 | 71444 | 1578 | o0oeso |
h1890 h1852 h1944 h1906 h1998 h1960
CA CA CA CA CA CA
Energy Energy Estey Estey Buoyancy Buoyancy
Caustic Ratio Ratio Criterion  Criterion Retio Ratio
Addition 85%Cl Median 85%CH Modian 95%0C) Median
Av-102 | 36394 | 9428 | essse | 748 | 1577 | 1023 |

h2538 h2500  h2582 h2554 h2646 h2608

TenkOp  Wncl  %LFL Depth Bouyancy RindH2  HS H2

Asls Limit Depth Crit  Criteria Ratio Conc {%) Conc (%)
Excoedod? ({% Pass) (% Pass) Factor (Median)  (Median)
Av-102 |  No | 9988 | w9988 | 13343 | 410% | os% |
h2724 h718 hesg

E-137




RPP-10006 REV 1

This page intentionally left blank.

E-138




RPP-10006 REV 1

APPENDIX F

HENDERSHOT, REED,
1999,
"TANK VOLUME ADJUSTMENTS",
7B40-99-116,
CH2MHILL HANFORD GROUP, INC.,
RICHLAND, WASHINGTON
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INTEROFFICE MEMO LOCKHEED MART!NZ%

From: Inventory Control and Modeling 74B40-99-116
Phone: 373-3  R2-11
Date: August 16, 1999 .
Subject: Tank Volume Adjustments
To: K. M. Hodgson R2-11
cc: 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-Shell Tanks”,
Pacific Northwest National Laboratory, Richiand, Washington.

Attached are the results of calculations 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
stating that the current methods overestimate the waste volume by 460,000 gallons. QOur
calculations show that the overestimation is apprcximateiy)q 540,000 gallons.

Attached are the results of our calculations.

If you need any additional information or have any questions please contact me at 372-2349

y

Reed Hendershot
Summer Engineer

F-1
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74B40-99-116
ATTACHMENT
Tank Volume Adjustments

Consisting of 3 pages
including this cover sheet
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Due to recent concems about the accuracy of waste volume calculations, a detailed analysis of all tank
farms in the 200 ares of the Hanford site was completed. As a result of this analysis it was found that the

RPP-10006 REV 1

Tank Volume Adjustmaﬁts

Hendershot, R. J. and Plesha, M. A.
August 16, 1999

current smp%:ﬁcﬂtéona in tank volume calcalations could overestimate the total waste volume by more than
500,000 galions. 1t is recommended that the more detailed volumetric calculations developed in this
analysis be implemented in futore waste volume calculations to cnnect for current systematic errors.

Method

The twenty-two differcnt tank farms were divided into eight similar types, These divisions segment the
tank farms based on physical similarities. It should be noted that the similarities do not include the tank
height, since waste volume depends on the height of the wasts from the battom of the tank and not the void
space above the waste (see page 3 of reference 1),

tank comer does not-curve, but that it is square. In type I tanks where the
kauckle radiug is four feet, this method overestimates waste volume by 5,844
gallons per tank, assuming tha the waste height is above the 1op of the knuckle.

Since type | tanks are the most prevalent at Hanford (108 out of 177 tanks), this g e
single ervor causes an overestimation in volume by 63) 152 palfons. In the 5

other tank types the effect is not as large.

Rish Error

N The next largest contribution to volurnetric error is the value used for the
dish volume. The largest dish error was found to be with type 4 tanks,

_ _ Tank Types _
| Tank | Numberof Tank Radius e Rasdi ¢ Dish Depth
Type | Tanks | Tank Fams m+ |69 Type| Knuckle Radius {8} | Botlom Type | "y o0
B, C, T, U -100 secies; ;
1 108 BX: BY. 8, TG TY | 7.5 | Kaucke 4 Dish 12
2 18 AN: AW: AZ; SY 37AB* | Knucke 1 Fiat
3 16 | 8,.C.T,U-200seres 10 Kecide 3 Dish 6
4 15 s 3751 “Square 0 Dish 14.88
3 3 AP 3747% | Knudde 1 fat
6 [ A 37.51 Square [ Fiat
oo ] 48 inches (nominal
7 4 Ax. 3741 Knuckl vaiue of 6 inchi o Figt
8 2 AY _ 375 Knugkle | 1 {  Fist
"FFoF 1ank (ypas 2 and 5 the repoRRG radius 18 &N GVBrage over the haight of the tank body
Knuckle Error
The largest contribution to sverestimation in waste volume calenlations is the
analysis of the knuckle valume. The current method assumes that the bottom “Tank Corner

? ?.(.‘ixﬁ.-&w s
)

v on Ho i S bt e,

where the previous volume of 18,500 galions underestimated the actual

Page 1 of 2
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volume of 20,553 gallons by 2,053 gallons. Because of this dish error, type 4 tanks accounted for the
largest underestimation in waste volume of any tank type.

kR

14

Tha smallest correction dealt with the tank radius. Curgent calculations assume that all 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 waste volume estimation for the Hanford site changes by less than 5,000 galions (assuming an average
waste height of 100 iiches as suggested on page & in reference 1). For completemss, the table below does

account for this correction.
. Volume Ad;nstments (in gaﬁens) _
' s o Volume | Total | Total’
: Currant 1 'Revised vﬂtum Curtent| Ravised Volume | Aciual
:?;‘;: Knuckie | Knuckle |Change Due| Dish | Dish |Change Due| Tamk | Shange gh‘“f:a’: "“,1‘9"’3:0!
_ Veolume | Volume | to Knuckle Va}urqe Volume | to Dish Radmm} Radius w’ram ‘Tank Type
1 [431,861] 126,017 5844|1350 13,378 T 375 0 4966 | 536328
2 7133005} azg08 S 1.0 ] D 0 3748 307 T4} 42870
3 | s98e | 6171 -§18 §90 { 323 <267 0 ) 1,085 | 17,388
4 0 ' (] 16,500 20,553 | 2,083 wEl | 128 2,182 32,723
5 133003 ] 32604 -400 0 [ 0 3747 | 325 | -72% 5,800
8 0 T -0 0 ¢ 3751 | 181 151 604
7 | 18533 § 15430 | -84 0 o 0 T a7AY ] 142 47 189
8 32048 32672 =378 [ 0 0 375 o -.378 -"?,sz
Decrease in Totai Waste Volume for all Hanford tanks 539,191 gatlons

The proposed method of calculating waste volumes is more exact than the current method because it factors
in tank specific geometry. By calculating waste volumies in this manner the total waste volume estimates
for the Hanford site could decrease by over 500,000 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: Waells, Beric E [Beric.Wells@pnl.gov]
Sent: Thursday, January 24, 2002 7:14 PM
To: Barker, Steven A

Subject: shear strength

Steve:

I 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 BDGRES...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

G-1
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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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TWS02.025

Investigation of Gas Retention and Release

Issues in Tanks AN-107 and SY-101 Supporting
Waste Group Determination

May 2002

Pacific Northwest National Laboratory
Richland, Washington

LIMITED DISTRIBUTION NOTICE

This document is made avaitable to the CH2M HILL Hanford Group, Inc. in
confidence solely for use in performance of work under contracts with the
U.S. Department of Energy. This document is not to be published or
referenced in another publication, nor its contents otherwise
disseminated or revealed or used for purposes other than specified
above, without determination of final review authority. If the information
contained herein is incorporated in a Hanford document, such document
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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 BDGRESs. 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.
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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.

I Personal Communication with DC Hedengren, CH2M HILL Hanford Group, March
28,2002.
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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
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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 spontaneous 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
BDGRESs. 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.

H-5



RPP-10006 REV 1

As the model is relatively insensitive to small pressure fluctuations, we are most
interested in the waste level response during the winter months when the pressure

fluctuations are relatively large. To include two winter seasons, the waste level and
barometric pressure correlation was evaluated from June 2000 through March 2002. A
histogram of the estimated gas volume from the BPE model in AN-107 is shown in
Figure 4. The histogram has been truncated to the physical limits of zero and 4,000 ft’
imposed by setting the average gas volume fraction in the sediment layer to the neuntral
buoyancy gas fraction. The in-situ retained gas volume is estimated to be 2,100 ft* (4,200
scf for a pressure of 2 atm) at the 95% confidence level (CL) and zero at the median.
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Figure 4. AN-107 Retained Gas Volume (truncated)

The retained gas volumes were also examined as a function of time; i.e. is the tank
gaining or loosing gas volume with time? No correlation was identifiable.
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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, It1is
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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Figure 7. SY-101 Neutron Count Profile, 6/14/01
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Figure 8. SY-101 Gamma Count Profile, 6/14/01

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

H-9
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measuring the supernatant liquid. Spikes and jumps in the data are instrumentation artifacts. Note

the departure, from left to right on the plots, of subsequently lower thermocouples from the
temperature range of the sediment layer into the temperature range of the supernatant liquid. This
represents the effect decreasing sediment depth uncovering subsequent thermocouples. The 100-
inch thermocouple registered the supernatant liquid temperature in October 2000. The 76-inch
thermocouple began to depart from the sediment layer temperature in July 2000 but apparently
has not been fully uncovered. The sediment depth is therefore somewhere between 100 and 76

inches.
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Figure 9. SY-101 Temperature Profile History in Riser 17B
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Figure 10. SY-101 Temperature Profile History in Riser 17C

As may be noted in Figures 9 and 10, there are vertical separations of 24 inches between
the thermocouples in the region of interest. Validation probe scans, which provide
temperature readings every six inches, were completed on April 4, 2002. The resulting

H-10
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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.

H-12
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APPENDIX I
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JAN 16, 2002,
PERSONAL EMAIL TO S. A. BARKER,
CH2MHILL HANFORD GROUP, INC,,
RICHLAND, WASHINGTON.
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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 1 sent have been changed to 6.5 inches. See the attached
files.

Steve W.
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Table cc. Sluge level measurements for ten tanks, units inches, S.D. is standard deviation. Data from TO-046-560, 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 1/23/89 248 15.75
241-AN-102 6/29/89 1B 32.25 6.63 3 1/23/89 24C 11.25
6/29/39 1c 26.00 1/23/89 24D 23.00
6/29/89 16C 46.10 1/23/89 24E 15.50
241-AN-107 6/29/89 1C 51.65 2.78 3 1/23/89 24F 13.00
6/29/89 1A 48.95 1/23/89 24G 22.50
9/13/87 1B 25.88 2/28/89 248 15.50
913487 1C NA 2/28/89 24C 9.75
241-AW-101 9/13/87 16A NA 9.81 2 2/28/89 24D 22.50
9/13/87 16C NA 2/28/89 24E 15.25
7/8/88 15B 12.00 2/28/89 24F 13.00
241-AW-102 10/20/94 22A 20.50 0.71 2 241-AZ-101 2/28/89 24G 14.50 376 21
10/20/94 22A 19.50 5/30/89 248 15.50
717N 1B 99.88 5/30/89 24C 10.25
747N 1C NA 5/30/39 24D NA
241-AW-106 7791 16A 95.50 la7i 3 5/30/89 24E 14.75
7/7/91 16C 72.50 5/30/89 24F 12.25
7/7/91 22A NA 5/30/89 24G 15.25
T1197 15B 35.50 12/26/89 24B NA
197 15) 39.00 12/26/89 24C 11.25
241-AY-101 7/1/97 15N 38.50 0.88 P 12/26/89 24D NA
797 15R 38.00 12/26/89 24E 15.25
7/1/97 15F 39.50 12/26/89 24F 11.75
71497 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 3.00 1/23/89 24D 33.25
241-AY-102 10/29/88 15F 6.50 4.53 6 1/23/89 24E 39.25
10/29/88 15H 10.25 1/23/89 24F 38.75
10/29/88 15J 12.00 1/23/89 24G 29.25
10/29/88 15R 11.00 2/28/39 24C 20.25
1/30/87 1A NA 2/28/39 24D 33.25
1/30/87 1B NA 2/28/89 24E 40.75
1/30/87 1C 21.00 2128189 24F 40.25
1/30/87 174 NA 2alAZ-102 | 228180 216 2825 ool a0
241-§Y-102 1/3/87 178 NA 9.96 5 3/30/89 24C 19.75
1/30/87 17C 18.00 5/30/89 24D 32.75
1/30/87 23A NA 5/30/89 24E 30.25
5/12/87 1C 40.00 5/30/89 24F 39.25
5/12/87 17C 32.00 5/30/89 24G 27.25
5112/87 17A 17.25 12/26/89 24C 19.75
12/26/89 24D 32.25
12/26/8% 24E 39.25
12/26/89 24F 41.45
12/26/89 24G 27.95
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APPENDIX J

DERIVATION OF RETAINED GAS COMPOSITIONS
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INTRODUCTION

This report provides the documentation for the derivation of the Retained Gas
composition parameters. The major components for of the flammable gases generated
within the Hanford wastes are hydrogen (H»), nitrogen (N3), Methane (CH,), Ammonia

(NH3), and Nitrous Oxide (N2O). The values for these compositions within a tank are
quite variable and are best expressed as a distribution. In order to constrain the
compositions in the gas phase during the Monte Carlo simulation, the concentration of
N;O and CHy are expressed as ratios with Hj, and the H, concentration is determined by
difference. The retained gas composition is required in the determination of the Waste
Groupings described in the document. This gas composition determined the flammability
of the headspace following a release of retained gas.

1.1  OBJECTIVES

The objective of this appendix is to use the available Retained Gas Sampler (RGS) Data
for 16 tanks to derive the distributions required to predict the gas composition for the 16
sampled tanks and to prepare default retained gas composition distributions for tanks that
have not been sampled.

1.2 DISTRIBUTIONS REQUIRED TO DETERMINE THE
RETAINED GAS COMPOSITIONS.

In order to determine the total retained gas composition, the concentration of the five
gases, which make up the retained gas must be estimated. These gases are H, N, CH,,
NHj3, and N;O. A Monte Carlo simulation picking random values from the individual gas
compositions without constrains will rarely pick a set of 5 concentrations that would add
up to exactly 100%. In order to constrain the Monte Carlo, the following method for
determining the retained gas composition has bee developed. The concentrations of N
and NH; are determined directly. The compositions for the CH4 and N20O gases are
described as ratios to the hydrogen concentrations. Equations 1 and 2 describe these
ratios and a solution to the retained gas concentrations is presented.

Given,
Retained gas concentration of N, [N , ]= 29.2%
Retained gas concentration of NH; [NH3 ] =0.079%
CH; gas ratio CH, .5 o =0.114
N;O gas ratio N2Opatio_rg = 0.271

J-3
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H )
. 4ratio _rg
The CH, term is defined as t CH4 “T-CH :
4ratio _rg
. _ N20 ratio_rg
The N,O term is defined as tN 20 " ToTI0
ratio_rg

1-([NH,]+[N,])

[H;] is calculated from the equation [H .=

*
Y+ tepa Ytopa T INn2o iN20

The CH, concentration is calculated from the equation

[CHy] = [Ha] * tops

And finally the N;O concentration is calculated from the equation

IN20]1 =([H2] + [CH4]) * txz0

2.0 CALCULATION PROCEDURE

The procedure for calculating the retained gas compositions is outlined in the following
procedure. The retained gas composition is based on the Retained Gas Sampler (RGS)

results published in PNNL-13317, “Ammonia Results Review for Retained Gas

Sampling". This procedure begins with scanned in images of Table 2.3 of PNNL-13317.

All calculations are done in EXCEL' with the Crystal Ball* Monte Carlo add-in.

2.1 SCAN IN RGS DATA TABLES

Spreadsheet “rgs FinalSumTable Rev 1 Tab_6MC 030823 .xIs*, Tab "1-Major
Components”

" EXCEL is a trademark of Microsoft Corporation, Redmond, Washington.

2 Crystal Ball is a trademark of Decisioneering, Inc, Denver, Colorado.
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1. Scan Data into digital format from Document and Proof Read.

Tab "2-Minor comps”

Scan unpublished data on minor component compositions and Proof Read. The Minor
components are often listed in the tables as “other”. This breakdown allows the
approximately 3% of the gases listed as other to be broken down and assigned to the
appropriate gas. In this case CHy hydrocarbons are assigned to methane (CH,4) and
nitrous oxides (NOy) are assigned to nitrogen (N3)

2.2  COMBINE PAIRED DISTRIBUTIONS

Combine Paired Distributions for High and Low Salt Conditions to Make a Single
Distribution

Assume that a combined stepwise distribution adequately describes combination of high
and low salt compositions

Tab "3-revised comps"”

1. Copy values from Tabs 1 and 2 and paste and transpose into appropriate column "C"
cells

COMBINE DISTRIBUTIONS FOR ALL TANKS EXCEPT FOR SY-101

2. Create Crystal ball Assumption for components listed below with mean and standard
deviation data in Columns "D" nd "H"

H2, N2, N20, CH4, NH3, C2Hx, C3Hx, Other HC , Other NOx
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“rgs FinalSumTable Rev 1 Tab_6MC (030823 xls“,Tab "3-Revised comps"

Cell Equations
Formuie
32437 10 3043.2
.21 55264
8o 72081 44308
or_ [1.7:0.2 17502
o |0.6:0.0 £10.3
of  |2.8:0510 28106 2820510 20406
€1 [1.720.2 1.740.2
cl1 11.520.210 1.220.2 11202 to 1.2380.
o2 [0.2680.1 0 0.2730.1  [0.2620. 0 02740.1
213 {1.020.30 1A$0.3 1.320.3 I 1420.2
ci4_ [0.1240.08 10 0, 5245.07 {0.1240.08 o 0.12:0.07
o5 [2.020.5 0 2.040.8 0.5 0 2EE
18 I
a4 31.00562462] _ F1.80562
d5 3
o8 7. T
of 17 1.
[T 0.5} [
d9
410
a1 14 11
diz 0.26 [
d13 13 1
M 0.12] 0.1
d15 |
d16
==IF (ESERR (FIND (JES2, C307, 1) ), U, VALUE (LEFT (G207, FIND (SE%2, €307, 1)- 1)
od
=i (ISERR (FIND (3E32, G309, 11), 0, YALUE (LEFT (G306, FIND {3ES2, C308, 1) - 1}
85
T SETGY (FIND (BESZ, C300, 1)), 0, VALUE [LEFT (G300, FIND (PRS2, C209, 11 - 1)
88 7.2
“=IF {ISERR (FIND (3£32, G310, 1)), 0, VALUE (LEFT (C310, FIND (JESZ, C310, 1}- 1}|
o7 1.7
“wtF (ISERR (FIND (SE$, C311, 111, 0, VALUE (LEFT (Ca11, FIND (SES2, CH 1, 1)- 1)
[1:] 0.8
*alF (ISERR (FIND (3682, G312, 1)), 0, VALUE (LEFT (G312, EIND (SES2, G2, 13- )
9 28
*=iF (ISERR (FIND (SES2, G313, 177, 0, VALUE (LEFT (G313, FIND (SES2, G313, 1)- 1)
910 1.7
"xIF ([SERR (FIND {8232, C314, 1)1, 0, VALUE (LEFT (G314, FIND (3£52, G314, 1}- 1
all 1.1
=i (JSERR (FIND (SE32, G315, 1) ], 0, VALUE (LEFT {G15, FIND ($E32, G315, 1)- 1)
aiz 2
»IF (ISERR (FIND (SES2, Ca16, 1), 0, VALUE (LEFT (G318, FIND (SE32, G316, 1}- 1}
»13 1.3
“=iF (ISERR (FIND (3€32, C317, 113, 0, VALUE {LEFT (G317, FIND (3E32, G317, 1]- 1)
o4 0.12
*=iF (ISERR (FIND {SE$2, C318, 1)), 0, VALUE (LEFT (Ca16, FIND ($ES2, G318, 1}- 1)
el§ 2.8
o1 100.28)"=SUM {E307E318) - £312 - E313 - EBTE
[*=IF (I3ERR (FIND {$E52. CH07)), 0, IF (IGERR {(FIND ($F$2, G307} ) , VALUE (RIGHT
{C307, LEN (C307) - FIND (SE$2, C307) } }. VALUE (MID (C307, FIND (SE$2, 0307} + 1,
i 3.2|FIND ($F82, C307) - FIND {SES2, C307) -1
"=iF (ISERR (FIND ($£82, C308)], 0, IF {IGERR (FIND (3£32, C308) ) , VALUE (RIGHT
{C308, LEN (G308) - FIND (SES2, C308) ) ), VALUE (MID (G308, FIND ($E32, C308) + 1,
] 6.2[FIND ($F32, C308) - FIND {§E52, C308) - 1
=3 (ISERR (FIND ($E52, C308) ) , 0, IF (ISERR (FIND (332, 5300) }, VALUE (RIGHT
(C300, LEN (C309) - FIND ($£$2, C308) } ), VALUE (MID (C308, FIND (52, C300)+ 1,
% 0.B{FIND ($F$2, C2309) - FIND (SES2, £309) - 1
"=F (ISERR (FIND (3E82, C210) 1, 0, IF (ISERR (FIND ($F32, G310) ), VALVE (RIGHT
(G310, LEN (C310) - FIND ($E$2, C310) ) ) , VALUE (MID {C310, FIND (SES2, C310) + 1,
7 0.2{FIND {$F$2, C310) - FIND (SE$2, £310) - 1}}))
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RPP-10006 REV 1

“rgs FinalSumTable Rev 1 Tab_6MC 030823 .xIs“,Tab "3-Revised comps"
Cell Equations

Cell__|Vahio [Formule

“=IF {IBERR {FIND { C31)), 0, IF (JSERR (FIND ($F52, C311) ), VALUE (RIGHY
{C311, LEN {C311) - FIND (SE32, C311) } ) . VALUE (MID (C311, FIND ($E%2, Cat11) +1,
8 0.31FIND ($F52, C311) - FIND , C311) - 1

"= (| (FIND C312)}, 0, IF (IBERR {FIND (§F$2, C312) ), VALUE (RIGHT
(C312, LEN (C312} - FIND ($E52, C312) ) ), VALUE (MID {C312, FIND ($682, C312) + 1,

b} 0.81EIND ($942, CA17) - FIND O3 -1
wiF (FIND C313)), 0, iF (ISERR (FIND C313) ), VALUE (RIGHT
(G313, LEN {C313) - FIND ($E$2, C313) ) ) , VALUE (MID (C313, FIND {$E32, C313) + 1,
f10 0.2[FIND (732, C313) - FIND ($E32, €313} - 1

"=iF (ISERR (FIND (3ES2 C314) ), 0, IF {ISERR (FIND (3732, C314) }, VALUE

(C314, LEN (C314) - FIND (SES2, C314} ), VALUE {MI3 (G314, FIND (652, G314} ¢ 1
M1 0.2[FIND ($£42, C314) - FIND {$E32; C314) - 1

ol [ {FIND €315))., 0, IF (ISERR (FIND (852, C375) ), VALUE (RIGHT
(C315, LEN (c315) FIND ($£52, 0315))) VALUE {MID {C315, FIND ($E82, G315} + 1,

S (SERR (FIND GES2, 1811, 0, F (SRR FRD
(C316, LEN (C316) - EIND ($£52, cm))) VALUE (MID (G318, FIND (SES2, C316) + 1,

T (SERR (FND
(C317, LEN {C317) - FIND ($ES2, 03173)) VALUE {MD (G317, FIND (SES2, C317)+1,

{CI1B, LEN {C318) - FIND ($E82, 0318) 1}, VALUE (MID {C318, FIND (SESQ. CHE)+ 1,

o O.5[FIND (3732, C318)- FIND ($ES2, C316)- 1} )})
#
o 3 36565068 m 67 T3], 0-001, MAX (+ F307 73, 0.001
95 1 63333 F (ISERR {F30873), 0.001, MAX [+ F308 / 3, 0.001
28 iﬂﬁ”‘?" 3001 3), 5,001, MAX { + F0% / 3, 0.00%
o7 0.033333333 "I (ISERR {F310/ 3) , 0.001, MAX ( + F310/3, 0.001
[i] 0.3]"=iF (ISERR (F311/3), 0.001, MAX { + F311/3, 0.001
0.02]"=IF (I3ERRA (F312/3), 0.001, MAX { + F312/ 3, 0.001)
) DTk (RERRLFE1B ] 3) , D001, WA | # FoAs 13, B00%)
g1t 0.006006687] =IF (ISERR (F91413) , 0.001, MAX (+ Fa14 73, 0.00%)
[17] 0.01]"=F (ISERR (F31573), 0.004, MAX [+ F315 /3, 0.001)
013 0.01|iF (IBERR (T31673) , 0001, MAX ( + F318/3, 0.001)
gté 00090;‘“&"1""’{'35*‘“ (F31773), 0001, MAX (+ F317 13, 0.007)
16 Q.02 IF {F31873) , 0.004, MAY {+ F318 /3, 0.000)
g1s {
e 33 3
hS b7, [
hé 5
h7
ha
h3
hig
h1¢ 121 15‘
h12 0.27] .
htd 14 1.4
h14 0.12; 0.1
h18
hig

"= {ISERR (FIND , C307)) , 0, VALUE (MID (C307, FIND , C307) + LEN
{$F$2) , FIND (SEX2, C307, FIND (5F$2, C307) + 1) - (FIND (SF$2, C307) + LEN {$F52) )

1) E——

aiF (ISERR (FIND (SFS2, C308) ), 0, VALUE (MID (C308, FIND (3782, C308) + LEN |
58;3;*32).Fm(ssz.caoa.me.csoa)n)-mm(w,cans)#mnmn
15

8
=i (ISERR (FIND (5732, C310) ) , 0, VALUE (MID (G310, FIND (3732, C310) + LEN
(SF52) , FIND ($E$2, C210, FIND ($F32, C310) + 1) - (FIND ($F$2, C310) + LEN ($F$2) )
7 Sy
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RPP-10006 REV 1

“rgs FinalSumTable Rev 1 Tab_6MC 030823 .xIs“,Tab "3-Revised comps"

Cell Equations
Coll_|Vahe — [romuia
IF (ISERR (FIND (3752, C311)) . 0, VALUE (MID (G311, FIND (§F32, C311} + [EN
(5FS2) , FIND (SE$2, G314, FIND (SFS2, G413 + 1) - (FIND {$FS2, G311} + LEN (SFS2} )
] 0
~=iF (ISERA (FIND (382, C312) ] - 0, VALUE (MID (C312, FIND (F§2, C312) + LEN |
{SF$2) , FIND (SE$2, 0312, FIND ($752, C312) + 4) - (FIND {$F$2, C312) + LEN ($F$2) )
19 2.9
=3 (ISERR (FIND (3F82, C313} ). 0, VALUE (MID (C313, FIND (P2, C313) + (BN
($F32} , FIND (3E32, C313, FIND {SF$2, £313} + 1) - [FIND {$F$2, C313) + LEN {3F$2) )
1o 0|
I (FSERR [FIND [3F52, C314) ), 0, VALUE [MID (G314, FIND (3F$2, Gai4} + LEN
($F$2) , FIND ($E32, C314, FIND ($F$2, C314) + 1) - (FIND (§F$2, 0314} + LEN (352} )
nt 1.2
“wiF (ISEFR (FIND (§F32, C315) ), 0, VALUE (MID (G315, FIND (3F$2, C378) + LEN
($FS2) , FIND (SE52, G315, FIND (SF$2, C318) » 1) - (FIND ($F52, C315) + LEN ($F$2})
"z 0.27]
"ufF (ISERR (FIND (332, CG316) ) , 0, VALUE (MID (G316, FRD) ($F$2, C218) + LEN
($E32) , FIND [$ES52, G316, FING (SF$2, C316) + 1) - (FING (8782, C318) + LEN ($F52) }
13 1.4
"=IF (ISERR (FIND ($F32, C317) ) , 0, VALUE (MID (G317, FIND {§F 32, C317} + LEN
(SFS2) , FIND ($E$2, C317, FIND (5F52, C317) + 1) - {(FIND ($F$2, C317) + LEN ($F%2) )
14 0.12
JF (ISERR (FIND (3F52, 0a18) ), 0, VALUE (MID (G378, FIND ($F$2, Ca18) +
($F52) , FIND (SESZ, G318, FIND (§752, C318) + 1) - (FIND (3§72, C318) # LEN ($F52} )
15 288))
118
=¥ (ISERR (FIND ($¢52, C307) }, 0, VALUE { {C307, LEN (C307) - FIND ($E32,
M 2.2iC307, FIND (3582, C307) + 1) - -1
wiF m__@m {FIND % caoe)! 1.0, v% {C308, LEN (G308) - FIND (3£,
& 6.4]C308, FIND ($£$2, C308} + 1) - {LEN ($E$2)- 1
)
)i
B olcart, FIND Cat) + 1)- (LEN -1
“wIF (ISERR (men (Es‘z)', caJ_(L‘qzj }.0, vm.um)'s (me% {C312, LEN (C312) - FIND (SES2,
B 0.8{C312, FIND ($F32, £312) + 1) - (LEN ($682)- 1
=i (ISERR (FIND ($£52, ©a13) ) , 0, VALUE (RIGHT (G313, LEN (G313}~ FIRD ($£52,
1l /G313, FIND (§F$2, C313)+ 13- (LEN (SES2)- 1)) }}
“aiF (IGERR (FIND ($F32, Cat4} ], 0, VALUE (RIGHT (G314, LEN {C314) - FIND (582,
Jiki 0.2/C314, FIND ($F52, Ca14) + 1) - (LEN ($E32)- 1
I (ISERR (FIND (SE32, C215) ), 0, VALUE {(RIGHT (C315, LEN (C315) - FilD (SES2,
nz 0.1}C218, FIND ($£%2, G151 + 1) - {LEN (§E$2)- 1
=i {ISERRA (FIND (SF52, C318) 7, 0, VALUE [RIGHT (C39E, LEN {C318) - FIND (SES2,
J15) 0.2[C318, FIND C316) + 1) - {LEN ($E52) - 1
F (ISERR (FIND (5F52, Ca17) 1, 0, VALIDE {RIGHT (C317, LEN (C317) - FIND ($FS2,
j14 0.071C317, FIND (32, G317) + 1) - (LEN (SES$2)- 1
"uiF ((SERR (FIND (3F$2, C318) 7, 0, VALIE (RIGHT {C318, LEN {C318) - FIND (SES2,
15 0.6[C318, FIND ($F52, C18) + 1) - {LEN ($€52)- 1)) )}
Jil3
kd 1.066666667]"=IF (ISERR (J473) , 0.001, MAX [+ J473,0.001) )
[ 24 uiF (SRR (3573) , 0001, MAX, { 4 351 3, 0,001} )
6 01 ISERR (38 / 3) , 0.001, MAX (+J8 3, 0.001) )
5 ISERR (0774}, 0.001, MAX (+J773,0,001) )
B 0.001]"=F (ISERR (3873}, 0.601, MAX {+ J873, 0.001))
o] § 3), 0.001, MAX{ +J973, 0.001
K10 0.0 'Ef(% 37107 3), 0.001, MAX { + J10/3,0.061) )
k11 (.06666667] IF {ISERR (111/ 3) , 0.007, MAX (+ 17173, 0.001)) _
kiz 0.033333333] "= 31273), 0.00F, MAX{ +J12/3,5.001) }
ki3 0.1["=iF (ISERR (313/3). 0-061, MAX  + 1373, 0.001) )
x14 £.023333 ISERR 1447 0), 0.001, MAX [+ 11473, 0.001))
X16 0.2]=F (ISERR (31673), 0.00%, MAX ( * J157 5, 0.001) }
K16 |
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“rgs FinalSumTable Rev 1 Tab_6MC 030823 .xls“,Tab "3-Revised comps"
Cell Equations

[Vale

m1k
mt1
mi2
mi3
mi4
m15
mi6 105.45451561]"=SLIM {M307:M318)
™ 1.08184B013 ™ + X312
ng 2. "=+ Y312

e (R =+ 2312
n7 QA3 = + AA3 12
nd 0.101245517]"= + AB312

ng
nid
nti
n12
n13
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“rgs FinalSumTable Rev 1 Tab_6MC 030823 x1s",Tab "3-Revised comps”

Cell Equations
Ceit  [Valie Formula
p1s
_pi6
qd 33 + H3OT
g5 B7.12)"= + H308 + H31
g8 H'=+
_q7 8.275]"= + H3t0 + HaM4 5./ 3 + Ha15'5/ 2 » Ha164
98 0" + H311
9
'L
qit
g2
qf3
_qu
q15
_qi8 103,395,"=5UM (Q307:0318)
[ A2.96533 137" + ACI08
5 = + AD30D
] £.40194346{"= + AEXD
7 8.2685 "= + AF309
1] 0{"=AG309
]
o
1
2
xE]
14 —
15 0f"=iF (OR . *=0, R308"=0, R310™=0, R311°=0}, 0, 1)
g 102.852132{"=3UM 7:R312}
[ 1 "= + AC312
85 2.1 u 4 AD312
86 0.184811503]" + AE312
[14 0442054 028" + AF312
] Of"= + AG312
89
310
811
312
813
#14
%15
318
4 32.95593137]'=IF (R318"={), + R307, + R307 / R318*100}
] 58.23768653"=IF (R3187=0, + , + R308 / R319*100}
L] 4.40194146}"=! 18", + R308, + K308/ R315100)
7 8.2665 "wiff (R318°0, + R310, + R310/ RI19*100
7] [} {R318"=¢, + R311, + R311/R319*100}
]
110
111
12
13
114
15
3] 103.852132{ =3UM (T307:T318
u4 1.065328453{" + 5307
ub
uf
u?
ud
ug
uig
ui1
ul2
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“rgs FinalSumTable Rev 1 Tab_6MC 030823 .xls“,Tab "3-Revised comps"
Cell Equations

Coll_[Value [Formute
w3
uid
uth
uts
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3. Create Forecasts in Columns "L" and "Q" for the major components. Minor
components are added to major components (NOx add to N2 and fuels are added to CH4)

4. Run Crytal Ball for 1000 trials.

5. Prepare Crystal Ball Report

6. Copy summary statistics to Colums "X" through "AG"

COMBINE DISTRIBUTIONS FOR 8Y-101

7. Copy combined SY-101 values from range "C290 to C301" to "C210 to C221"
8. Repeat Step 2 for SY-101

9. Repeat Step 3 for SY-101

10. Repeat Step 4 for SY-101

11. Repeat Step 5 for SY-101

12. Repeat Step 6 for SY-101

13. Clear all Forecasts and Assumptions from spreadsheet

2.3 CREATE DISTRIBUTIONS FOR RGS TANKS

Create the 4 Distributions Required to Specify the Retained Gas Distributions for Each of
the RGS Tanks

Tab "4-Gas comp by tanks"

1. Recalculate Spreadsheet

2. Set up "Step-wise Continuous” assumptions in Cells in rows 8, 20, 32, 45, 58. 71, 84,
97,110, 123, 136, 149, 162, 175 and Columas "O", "S", "W" "AA"

a. Clear any existing assumptions
b. Select custom Distribution

c. select data, then enter the range of cells listed below the cell where the assumption
cells

d. Rescale to 1.00
e. Save assumption

f. If there are not 4 values to choose from use the original normal distribution

J-30




RPP-10006 REV 1

wSYUe} £q dwoo sen-p, qel’,S[X £780£0 DG qeL | A9Y S[qewng[eur] s,

J-31



RPP-10006 REV 1

uSYUe) Aq dwood sen)-p,, qeL’,S1X° £780£0 DING el | A0 S]qeLwng[eur] s31,

J-32



RPP-10006 REV 1

uSYUE} £q dwoo sen-p,, Qe LS, SIX° £Z80€0 DIN9 qeL [ ASY o[qe ] wngeur, s3I,

J-33



RPP-10006 REV 1

-
ol

JSYue) Aq dwiod sen-p, qel’, S[X’ £780€0 D9 qel [ A9y 9jqeumsreury sSi,,

J-34




RPP-10006 REV 1

£820 G CHIH-SE AJOWUS 0OLZO

WSIuE) Aq dwod sen-p,, qeL,SIX £280£0 DIN9 Q2L | AY o[qeLwmgeur sS1,,

J-35



RPP-10006 REV 1

uSYUE} £q dWoo SeD-p,, qEL’,,SIX £280£0 DIN9 Bl 1 ASY 9[qewngeury s,

J-36



RPP-10006 REV 1

PESE LY

9900'20 -
PLIFEZ un
xepy 209518 vy
uRy - o
IESEE B LOL-AS EHN $0L-AS EHN  LOFAS 71 SO L TUGTIREUOT: 3O TSR] $I0FY
S48V e B0LN §HN 80111 G I R
9S00°L0  PHON LIS EHN P BHR LIS TH
BUEBEE WM ZDIE EHN Z014 EHN 2018 Lb
808120 GE-LOLXY eHN y__EHN v o
PINOS  NOT001XE %LP 01°XS §
ZE0YEY 190 B0L-AH CHN BOL-AH SHN 60L-AR @
QOPEEO  PEOY 0L ETHN 501 BHN  901S2
VIWEZ PR SOLN €H Qine
TLTILD  MOR E0INY % €OLNY &
Z0189r 108 YOLNY CHNIOINY  EHN  YOLNY ¥

WSYue) Aq dios sen-p, qBL°,S[X" £280€0 DINO qel. | A9y d[qewng[eur] sS1,

I-37




RPP-10006 REV 1

- epowy o T g T —
ozro  wepon i NS tgori | Bewteg Gooor
209900 L] 00064 - SEAZEL 0000 82681 GEH-ZEd  D000'L
0001 "y [ l - 20£°4 - SYOQ'C JELOEL

O oe <== MOY N £HN HD

SLYL'gr  dew ebuey

£800°0 OZN"M 1011
00830 OZN Y LI

SEeCra  uny sy
€00 AP Yoo

STz N iDLV PE AJOQUS 200r 0 OZN 10V-Y ¥

00009 DRNIOLYIT
B0 OZN M LY R

L01

LAY Oﬂus.r
Tyl 0000}

SOZ0Y  OEN M 1M
BECL0 0N LOL-AR

L rd wmajay, oLz WMV T ASOWS ZOYSC  YHO LOLMYZE ADOCS 0BBE0  JZN HOLMY L
o NYIN 00vE  FROLOEMYEL:  nNvEN
s oeizo
ieeez  dpwpums {GEEeE - EN UMW EL PGS SWR LM Y DIO5'G_ ¥HD LOLMY £ ISESS _OZH (OLMVZ
- SDOW: = SEi68'0 - [0 -
20081 vopepy 0000'% S350 Q0L L1206, 00005
159516 vosry 1} - LR 0000 G 6000t
000t swuL I¥igo - - 0i00e - vesve  lroess -

o e iy ™ THN wo 1

TH

JSue) Aq dwiod sen-y,, qeL5,SIX £780€0 DIN9 qBL [ A9Y 9]qe L wngjeur] s31,,

J-38



POLNY ér ADGQLS

SOEABE. NV

IH 0L N BY

10 OZN M rOLNv
00EE'D  OZN M ¥OL-NY

QG2 DTN YOI-NV &y

RPP-10006 REV 1

SOLNY I ABUQUS

NYIN

it A

DYES L EN SOLIY DE

IEY0EE OGN B0L-NW 6%

syjue) Aq duzod sen-p, qBLS,SIX° £Z80€0 DN9 qBL 1 A9y djqeLwmsSeur, s31,

J-39



RPP-10006 REV 1

(1578

NSOLEHE AIQALS

22000 AN DOL-§ 88 AJOQLS

0540°0 O Y 90L-§ ¢
0OEL0 QZN HOOLSY

OBN 004-5 88
A

OENu 90IE 0

-5 9%

=
’ SHE0d DO0O'L

L8¥y8d  Q000'L

Q0LLE

=00 OYN M e ¢
00ELD OTN_ U 204Nt

€L OZN oL N 5L

W00 G0NV 2D ASQALS

(L7 A

ooy i

WSue) £q dwod sen-p,, Qe 1S, S[X° £280£0 DIN9 qel 1 A9y s[qeLwngjeury s3i,,

HOUD  OZN_H 0Ny
0CEL0 QZN ¥ £l Ne

SIMr'0  DIN EOLNY 29

W0 IN EOLNY.Z9,

J-40




c— GERaoL

SZLXERE1LX 0000} LIOE'Y

x') e £
BN

0SI00  OZN"H W0LXE
00CL0  OFN M 0E-XE

INOOL-XS ¥l

RS viL

¥

RPP-10006 REV 1

€IZ00  OZN_H 60L-AE
QOErD  OTNHB0L-AR

BIGGL W A0LAB 0L
ce0's  ENEOLARIGE

WEZO  OZN W BOL-AY

wSUR) Aq dwioo SeD-y,, qBL’,S[X" £Z80E0 D9 el [ A9y dqeJungleury s3u,,

J-41



SPZ RO [43° 8] IH I8 RS A30QLS THTD NS S5 AIQQES LV YHO LB €51 A3COLS BOEL'L  OEN LS €61

80D sesumenss! T gosses Nvan i Nvan 00R'D RN ILLSES)
sesges  ecvepa T BSELD  OZN MLLLSE
€8ze%  dpeoumg | WEIRE EN LLEG EST Z0S¥0L__ OENEELS 5t
- oo v FribL -

podly ] ey 3

9L0£99 useyy ,

aooL BNl :

[+ 38~]% OB

Cioee  ugy oy GYO00  YHO'M Or) ASCQLS OZTO0  OZN HIOLS(
9200 YN ] QOLTO  YHOTH OFt Nvan O0ELD  OZN HZOLSC
e ooy oL20% 1Zn-S0r  AS0QLS 0BSZ0  NZDLSOFL AICAQLS OFELO  FHDZ04S 0L ASOOLS 0R90Z RN IS 0N
o ssoumeng! T ooes e NY3N 00rR NvaW 0090°9
zaEry sy B0 YHOM OF) WHFO  OENHZIEC
ot S S—
¥ Jpmpung; £¥6Z 2t ZN 2015 0¥} 20080 EHN 0L O¥L SSHU0 _ ¥HO 2045 OFL SEE0RE _ OGN ZOLGOVL
e - epayy - T - TIo0T :
Z000'+8 usReN ean 2000 L SOOLL D000 D000 L
rigeee uweyy BELZ'BELY (0O0'L 8650 LADELL 0OO0'L 186v0  Jatideesd 0ooot
O 0004 LS S0TB0 - ] - 10cre -
= O or <o iy N £HN [T
[
< 852€° 1wy ey _
i OLAYES  upy eduey BIO0D  PHO B 221 ABCOALS 08000 OZN M KOLXY
o «c A LNOD wIZTC YHY H L2 Nwar 00810 DZN B LO4-XY
M 82z Sy AT T68LL  LOXY 2ZL  ABOUS ISEFD  PHOIOLXV £21  ASOCUS YEIE0 2N LOLXY LZL
900 seeumemg 00£L'tS oooee Nvan woos
Zigy  soomep SXOL0 OZNTH L0y
:
H

wSYue} £q dwoo sen-p, qBL,SIX' £730£0 DIN9 QEL [ A9Y S|qewng[eurq s31,,

J-42



RPP-10006 REV 1

CFBZL THN SOI-NY ZOLEL 4O SPYOS QOL-NY LELE'ZL | 9DMOR SOL-Nv
FLEOZ  EHN 10 L8E0'Y  PHD WEin LOLy GR0G'S N MU D1y

LGOS LI eluwy 15200 vHOTH 8LL A30Qis SEI00  OIN W 0L-AS
19 A YO D3LZ0 MW Bl Nvan 00€1D  OZN Y i01-AS
ez YOOZE 2N LOLAS 6L)
55502 PISUD  OZN Y H0LAS
LTS

- ZLELY

2061yt

WELYE LYIC

0001 1485

IPIE0Z L sBuey 0800 QN WenI!

8o O0EL'0  OIN M BOLM |
wT SEEYZ DM 8OMT B9
100

SPEEE

OO oW sBumy _
£S6ZES VN oDy BLOCD YHO'W E94 AIGALS L8160 OZN H LS
800 AT YOO QK20 YHO © €51 Nvan QRV0  OTNTH M-St

JSUe) Aq dwioo sen-p, qeL’,SIX" £780£0 DO qBL | A%Y 2lqewngeur] s51,

J-43




RPP-10006 REV 1

LEO6'S ] oS iy SLyELE e
LLLO u £5680°0 y SL'E i

IBPESL X YZU80E N

- g - iy
LEGE'R  SHN LOL-AS PHET MO MW LOAS OIEE0Z TN AR LO}-AS
YOOOE  CHNSOLN 0ze) ) -fine e gos-n L0¥VG0Z  Bamopm goL1t
IEEO0  EHN LIS 69680 PHD BPION K116 199701 N SPEOS yii-5
THEHOD  CHN fDLE CoEgD 3 T ey 5 STO0ZE MM Z0L-S
ore99  IHN LOL-RY 0ZZLE HO G-O8L01-XY TRWE N SO6I01XY
FEOLT  IHN BOLXS GOET0  HO WRUS B0IL-XE FIGLY Y0NS D0L-XE
LLEVO  ZHN801-AR DoZa'y 7% ukied G0E-AG IR0GL  UBRIG BOL-AT
P9RZ0  EHN9OL§ ITIET  FHD WHO% 9015 DOLL8 N 9PNO® QOL-S
THESC  EHN EOLN ZZEVE  PHO WIS EDLN QIFELE N PNOS 04N
QBELD  THNEOL-NV 09840 4O DI COL-NY GOAL'C 1 EDEOR EOLNY
SOZST  IHN FOL-NY 00082 4D SPIOS POL-NY SOYIIZ I WIOF FOLNY

wSYUe} Aq dwos seny-p,, qe L, S[X° £280£0 DING Qe | A9Y 9]qeLWwing[euy sSi,,

J-44



RPP-10006 REV 1

RN G200 BDI00 99000 €TI0V ONNM YHD 90NV - - - - - -
PUON BBiZ0 OPZL0 BLL00  O0B9ED  OURMOZN  SOL-NV FOE2ZO0  L0ERGL0 Sriv'yz 02BY0 OPOF'L  BBOSZ)

maloN L0400 B0 EW0C  LDOSTD CHN  SOL-NV W0 LEwoi0 CLIS'FE  LO0SD  QEREY  ZOoOZE
Pusn JBEE'YE  YOOLTL  BKEE LLISHE TH  SO0INV 000t 0001 0001 o0 0001 000
" § i Iv v F
FHILTOD ZEEWBO'D OFPBSHZ GEFCE 9060 ST
BORLIO0 0582900 SI9TLE  SHNTY LZOR LSS9TF
TIELPO'G  1O0YI0D %] 4%} "o wo
WZOGHR'T  ERrAOSZ e 8Tt Wz ITE
Z09SY00- LISOEOT S00- €0 200 200
Floa= o - =V F IBOFS  SL800 08000 L0
$16000C  1BZS000 95207 ES6T0  ZS900 1800
WUBON GEZO0 LLM0D GROOD  S0Z00  OMRH MR LOLY - - — - — s
PAON K00 L4900 £9000 DIIOY  ORBMOZN  LOL-Y 000T0'0 Z¥ILL0D OXR0Bl  OZIFFZ  Iy0SL  iSES'Y
NUUON GO¥E'E GHTE 9620 e8NS EHN 0Ly 090200 BE0LIO0 G000l &GYZT  BLOY 89S
MuNON, OYESEZ  PISTLE SSTEZT ROO0BL TN 0L 00aL HONNERNR 0001 0004 0001 513
L 8 sz av ¥ M
IBIZ0 6CLLD CTOZTY 9960 L9901 0006
AL 80D ZESrSr SLETO  LEYSD  efesc
oo 18] 500 aa oo 40
£z oL [ 4 e flrs a1
Fiiys] Z00 009 1] e 57
0000 YOOOO e8ZE: 00100 O9LLD 09860
EYs  SoED0 YIOLT 66600 Z9vS0C  QEEB0
PUNON 16220 SESLT DIZO0  SRLZ0  ONGH YHD  LOL-MY - - = s - -
Fuion 88210 BLIOD  SOTOD  BETI0 ORI OZN DMV 8CLZ0  0STL0 BLISES 990 GI89W  ELORG
WWRN 9GETD IO 6MS00  BOLSD EHN L0 PEITG  95T0 EOGSES  SOISD  H204B  90GLS
BuUON CZLOZD ZEHYSY PIOLE  EDOOES N LOLMY 00g) 0004 ool [+ 1] 0001 0004
o) o WA AOmS ey -5 ey M § £l av v M
YHO M  OTN W o EHN HO {zn

«SY0e] A9 dwod sen-f, qel’,S[x° £780€0 DIN9 qBL | A9y S[qewmgyeur] sSi,

J-45



RPP-10006 REV 1

6IZIO0G SO-IPUEG

FERGED'D  PGULOO'C

YEFIS0'0 BS0ES0'0
62098900 LLYESOD
0001 0oL

L s 9

L8800 201100
GUCHT00 SYiEZZO
SZMETO 9OYOLC

ZESYEE  POS60LT

SErLE00 BLLOEL'O

#8000 BTOLOOD

ZEBELO0  LSOTEHO

S60880°0 DEELOE0
TSIR0O'0 YOOROE'O
0003 6008

M & 0§

G6RSC00 BYieizo
H0L00  ¥OBPZLD
WEZSET0 2809010

EBLOZOZ £MEGTYE

S2LTS00- BYOZOO'0

SOIOLE  LLE000'0

4199000 LOWL100

uWSYUe) £q dwioo seD-p,, qeL’, 51X £Z80£0 DN9 qel 1 ASY oqe[wng[eurq sS1,,

"ooo

[5:- k)
8165°¢
09650
0003

G5ErLy ZEBZ'L

LOE°0
S0

Fiag

8LH0'O

ZE81°0

1009°0
oZeee
604

QBEE¥Ye @910
62080
o

e

(43

SH0

sezee

BIERS
L12>"5"3
0001

L80Zr
S8LE}
o

Ve

orZre

IS0

ageaZ

[3: -~ : ¢

Q004

age0'e
g
o

[N

£0ZL0

88rcn

J-46



RPP-10006 REV 1

1120000 G880 ZBYZGE ZPEOT  ZO0 1PeE°L

e5009FC 9LariL0 sl €0 oo FANY)
MRLFET BLOEZT e eoe -4 07T
S¥0L0  LZBOTLD o 800 0 [ 1%0]
GOr398°C 220000 SLSEYE SYO0D EOSLC ErigL

POZINOS  LOSL00 BaLe 62000 (00re varLL

WUUON L6200 Z000C Ze00re  SEL00  opEN MO 90LE

Muuch SE0L0 2880°0  0SL0C DISLO oped O2ZN W08 SLOLL00 ZOZ0ELO IG0CGE  BOOED 1290 SOI9E
WULoN 00Z50 e =00 826z0 £HN W18 eerei00 FO0ELD FUIv A A 81480 oSvL's
MUNCN STZEYE TBITSE LT LOITST TN 904-5 0004 0001 [+ BOQL o00L 000
L 8 68 ELd v M g
KOZR0'C  gEBrrD0 BLaSZY L2660 ZLE0T  SZSELY
982L0°0  PBRCHCD SSWE0E EOPTG  emm0 LEIREE
SLZ0BL°0 TETSIO'D %00 2] oz %00
L0L600°Z QLrYOR'Z 692 e’ 651 ez
0E000 SEBE000r o sig eoe o
EZ1000°0  LEZ000D 0y E¥DO GER00 toNeT
SO0E0D FITELOD 9LiZ MBS0 680  BZZiE
IUUON OZBO0 OvECD LLIGC  Z/900C OReH ¥HD  E0LTY - - - - - -
oupoN GrP0'0 60850 RI00 ZEO00 oMM OZN EOIN BELZ00 SESEOOD MLGE 18890 vOLY | 74303
fBUlON L2060 SWC0  09SL0 09850 £€HN RO} 9EZIG00  Ze09) FELLOE 09850 0GTvL HEZRIC
BuLSN B0y BYR0E  SLOT  PLLZGE [ B -1 i ] 2001 2001 o000 0001 Lo 10113
M 8 8L ELd vy M g
Ci8890 1089100 Z¥08TrY EGIBL0  RERLDL  wEZEv
251500 ZERL0TC GiIE'FE  GOOYOC  COOEL  SEGLT
B90PiY D SSRZEL0 8+0 %) "o Ve
LEUEWS  YODRELT i5¢ > p4 79 3 Tz
rLrZe00~ L0BCZ0 0o 800~ we > 3]

uSYue) Aq dwiod seH-y, qeL’,S[X° €Z80€0 DO qBL | A%Y 2[qewngeur] s3I,

J-47



RPP-10006 REV 1

COM0  EI00 8900
fuson €90 BIZID  0BOOD  Lipi
WUUON OFSL 0L CrEOE 000} 15850
mwwoN fGELE Ovey ey STe99L

wunoN CFEG0 9FO00 60000 LE10D
reuMON 00RED E9IZ0  0SI0C  SSIED
Wupoy (P08 888271 £552'L Ty
PULON [0SS82 64610 ZUYPE BIOLOT

MAoN 508’0 BI20°0 EME0G ISR0°0
WBUNON | SOED FILVD SiZ00 2EZ0
musoy g0 200 SUE0G ZISK0
PuUON QBLEZY  BLIOOL  BECY'TY  SYPOEZ

uSYUE] £q dwoo se-p, qeL’,SIX’

82000 POROGD VWRTY 2B LSEFQ  WECED
O H FHD 10XV - - -

opEN OZN  LO4-YW LSOO BISMLD SDIEDL \BOBD LT eavaOl
THN B0V 9900500 ZLIPLO gZOTNL  |SH9G  OoesT  cevas
N LOEXY booL 000k 0L OaF 0OOL 000k
m s 821 av v ” s
PL6EE0T BOOONTD WOSTET OCLOTS YIOVOSD LTOLLLE
LOOrO0T ¥OZ5LZ0 LBIBLOL [0BGRLL SHSECZ'0 ZILSKOZ
99EI0P0 SYOLYOO S0LI0  SZINGZO SIE90v0 ZI0BE0O
ELYOEEL WLLI09T SCTONT BPLALEL PIOWIL YEZSZE
8L10%0 YAVLD 0200CHD- LLSSZO0 LSSERO0 PIESLL'O
SOFEGY 9ZZO0CT POLTLL BLISITL EISEZLO EOSESR'D
SE9000  LEOSL00 HIWTE LHOTL  BHPISED 860
O YHO  B01-XE - - - - - -
MRAOZN XS YLYRLOC LPOSIED YOT0Z SOLIBLY LSI0BG0 LSPIRET
THR  90LXS 8304100 TRYSIED IRTVZOT \ZZZ0ZY GLZERO GEMIEED
™ B0kXE 000F 000t 0P0L 000K 00O D004
m 5 shi av v " 8
6690610 BOKICO ROLETF  QOZE'D  SyELR  ZEEROT
19LZ00 BL0BIL0 BLEDL ZIBOD  [i6r  CO0E:
YORYOEC 1EE060T S0 80  eg0 €00
YeouzE'L L0L0PLE BT e 8 04T
£2000T" BRCLIOD o o wo 100
8280000 99Y0000 LBUBL  LIOO  BOIZE  1ESKT
HZIEGO LERIZ00 OEVY  BESD0  BIGLL  Bi9SH
M YD BO1-AR - - ~ - — -
oBmi OZH  B01-AR 189800  ZDOGCZD 26082 ZEI0  06ZY  Giyanl
SN BOL-AG 0RO ZITHZO SVOER  ZHVO  000eY  Ba80DL
N 8oLAR ooet 000} 000L  0DOF  0ODL 0004
M 8 zo1 ay v »~ s
SH0Z0'0 GEYORLD SIZEYC 00ZI0 gL THETH

£780€0 DIN9 QL 1 Ay 2]qe Jungeury s3I,

J-48




RPP-10006 REV 1

CHIROOE CISITLT ore Fiy4
88095€'0  gBLELD 800~ 1%+
KBSFT LTOOOC SovYyrse  E180°0
PSYI000 LINIDD Ze86's THITO
Muucy ZELOD  g900'C 900G NRIQ0 onWY PO bis - - - -
puson 008L'0 Y2800 W00 SYEL0 o8y OZN S TEYEROD  LLRVELD FIZLWT  EP0EC
MunoN SE0EE gYSE0 IeE0  i8z80 EHN [ %] QELD  DTSYELD L0RE'0E 28260
PusoN OISIye GOSOr  ZECEY 106808 ZN 33 0001 000} ol 0oat
A g ol E L Yy
PROGENTD EXSEYSO roLLDP  I829°L
SrBii00 &2HCiY0 LEIBET OO0
166202°0 88I5Y00 at'e LEC
EEYSOVE b MWLE x4 g1z
coBlIZD L6E400°0 cop F23.4
SOIEF L S8Y0000 B9rye  0£80°C
SE0F000  9Z0ZZL'0 S€0E 08820
muuoy 020D QHOT  OXO00 S8L00  OFEHPHD Z0LS - - - -
WUUON SBYCD  BELFO (RZ00 OLeWD O8N OZN 2046 PEQBLO'GC 1880890 680l 9iZB0
MuuON LEZD'E OLFED  O8BZ0 LIEGD EHN 208 ERBELO0 GFOLEFD OPZCE  LMEGO
FBunON ¥ORLOF (ELGEZ  BEL0E 102 N ZHs oo0 000k 0003 000}
M 8 ir v had
+68820°C  BGTERL D LIBELE OFBLOL
ULOFD0 B0BIZLD ®roy  EYE0C
£29£21°0 ZEL9S00 220 Fral
TOILEETE QLEBLYE "'z T
BOIZSID £96L0 Ve 200
SO-UTS 0-TYD EESE'RL  OCEL'E

oSue) Aq duwroo sen-y,, qeL°,S[X° £780€0 DIN9 GBL 1 A9Y 9jqeluungeury sal,,

e
oo od
Y000
P0G
96180

|74 244
0001

(E86'0
VEZY O
oo

o

08100
arel’G
95800

Zi89'0
o0

S0vLy
|17 ¥4
2o

2z
oo

£681'0

g
]
J-49




19900 OnER FHD
S09CTD Oy OZN

RPP-10006 REV 1

88700 0N PHD
6BEYQ  ONTH OZN

e8P0 LIZ109'0
GBSYIO'C GZIIRZO
PELCBE'D BSLAEL0

BELEDFZ BIGIOLZ

88ZNOZ°0  LHITL00

HE9000°0  BOYZOX'0

iS00 SEOBYO'C

#PECO00 PIGORED
TS0G80'0  L0S0OE'D
o004 0004

M 5 0¥l

ZSE280'0 1089490
ZHYEZOC YZLZOY D
BYZTLT'O SSOTH'C

8LIZLLT yORO¥IT

LETISTG OSErI0T-

B/L0000 BeS0000

SZEEL0°0 ZRORD0

BZESYD'D ZyiEEYO
L¥SO0F0)  gCEOEY)
0003 0004

A § 91

BELBLD'D  STOOBLD
£1/800') ZEYTBOO
SLEPLL'0 CTBEZID

TEIEET
IBSEE)
[+"40]

e

Sleoey

[>T 4]
e8roee
LvIREE
0113

Iy

[3:1%- %+~
L1
0o
0Le
8o
oS80
e
SoUR O

(7778 4
000k

av

L0451
LELTE
EEQ

SLZER

[0
19928
VELLE
0oL

vy

gLLe')
Zree0
80
(4
-1%.]
820570
BIZEO
S868°0

140073
0004

w

308 4
£¥ES0
8£°0

¥TLRY

£108'0
224 o
£rved
0061

65802
10:8°0
fray

'L
8o
Q420
SIGE'Y
sz

920
600}

19E0'8T
$9LEC1
Pl

e

uezes

o0Z'e

220702
erir oz
0001

L8ET'LE
L9002
[+15+]

e8¢

Seer'Z

(=34
woreaz
000k

DISLve  SE0R'L SY0LL £201°Ck
S599Y S¥SE0 60020  ltRl)

=0

JSuel Aq dwoo seD-p, qe 158X £Z80€0 DIN9 qBL 1 A9y 2jqewngeut s3i,

[3:44]

100

o

J-50



]

3. Setup Forecasts 1n Cells in Rows 12, 13,24, 25, 36, 37, 49, 50, 62, 63, 75, 76, 88, 89,
101, 102, 114, 115, 127, 128, 140, 141, 153, 154, 166, 167, 179, 180 and Columns "Q",
IISII, "Wll, "AAH

a. Clear any existing forecasts
4. Run Crytal Ball for 1000 trials.
5. Prepare Crystal Ball Report

6. Copy summary statistics from Crystall Ball Report to Colums "AH" through "AQ"

RPP-10006 REV 1

a. Save assumption

7. Final Database distributions for the RGS tanks are given in ROWS "AQ" through
IIAWII

24  CREATE DISTRIBUTIONS FOR NON-RGS TANKS

Create the 4 Distributions Required to Specify the Retained Gas Distributions for Non-
RGS Tanks

e Capture 1,000 Data points from each RGS Distribution, then reduce data down to
420 points for each gas including 30 points from each RGS tank

e Determine the default N2 distribution for non-RGS tanks

e Assume that the first 30 data points from the 1000 are random and represent the
overall distribution for the tank.

Tab "5 - 'CB05all Tab_5mc RGS Forecast Values 030823 xis™ (Note this tab is in
separate spreadsheet)

Note: This spreadsheet is set up for 1,000 trials with the same variables as given in
'CBO05all Tab_5mc RGS Forecast Values 030823 .xis'

1. Extract Forecast data from Crystal Ball using the menu items "RUN" "EXTRACT
DATA"

2. Open Spredsheet 'CB05all Tab_5mc RGS Forecast Values 030823 .xIs' or a copy
3. Copy all extracted data to TAB "All Tab_Smc RGS Forecast Values"

4. On the following TABs copy range 'Q5:Q424' to 'R5:R424' and 'S5:5424' using "Paste
Special" "values"

a. Use TABS "H2", "N20", "CH4", "NH3" and "N2"
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5. On Tab "N2" regress all 420 combined data points for N2 to produce a combined
distribution using Crystal Ball

a. Create a distribution using Crystal Ball to fit the data by::
1.) Create Assumption
2.) Select fit Data
3.) Enter range of data, $5:5424
4.) Allow Crystal Ball to fit the data to the regression curves

Reduce the 420 data points for "H2", "N20", "CH4", "NH3" and the minumum and
maximum values from all 16,000 datapoints for each gas to produce continuous Linear
Distribution made up of 55 data pairs

Use every 8th data point from the 420 combined points, following numerical sorting of
the values, to define 53 of the data pairs.

Use the Minimum and Maximum Data points as the bounding values for the Continuous
Linear Distributions

Tab "6- Gas Forecast Data"

1. Copy from the spreadsheet 'CB05all Tab_5mc RGS Forecast Values 030823 .xIs' to
this spreadsheet, TAB "6- Gas Forecast Data"

a. For H2 - From Range '$5:5424 in TAB "H2" to 'b5:b424' using "Paste Special”
"values”

b. For N20O - From Range 'S5:5424 in TAB "N20" to 'k5:k424' using "Paste Special”
"values"

c. For CH4 - From Range 'S5:8424 in TAB "CH4" to 't5:t424' using "Paste Special”
"values"

d. For NH3 - From Range 'S5:5424 in TAB "NH3" to 'ac5:ac424' using "Paste Special”
"values"

2. Sort the raw data as given below

a. For H2 - Sort range a5:c424 with sort keys: 1 -- column C decending; 2 -- column A
ascending; 3 -- NONE

b. For N2O - Sort range J5:1.424 with sort keys: 1 -- column J decending; 2 -- column
L ascending; 3 -- NONE

¢. For CH4 - Sort range S5:U424 with sort keys: 1 -- ¢column U decending; 2 -- column
S ascending; 3 -- NONE
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d. For NH3 - Sort range AB5:AD424 with sort keys: 1 -- column AD decending; 2 --
column AB ascending; 3 -- NONE

3. Sort columns based on mask in colmns to the right of the original data
a. For H2 -
1.) Copy range B5:B57 to range D7:D59

2.) Copy H2 minumum from the spreadsheet 'CB05all Tab_Smc RGS Forecast
Values 030823 .xls' cell '039' in TAB H2 to this spreadsheet in TAB "6- Gas Forecast
Data" cell 'D6'

3.) Copy H2 maxumum from the spreadsheet 'CB05all Tab_Smc RGS Forecast
Values 030823 .xls' cell 'O4(' in TAB H2 to this spreadsheet in TAB "6- Gas Forecast
Data" cell 'D60'

b. For N20O -
1.) Copy range K5:K57 to range M7:M59

2.) Copy N20 minumum from the spreadsheet 'CB05all Tab_5mc¢ RGS Forecast
Values 030823 .xls' cell '039' in TAB N2O to this spreadsheet in TAB "6- Gas Forecast
Data" cell M6

3.) Copy N20 maxumum from the spreadsheet 'CB05zall Tab_5mc RGS Forecast
Values 030823 .xIs' cell ‘040" in TAB N2O to this spreadsheet in TAB "6- Gas Forecast
Data" cell ' M60'

c. For CH4 -
1.) Copy range T5:T57 to range V7:V59

2.) Copy CH4 minumum from the spreadsheet 'CB05all Tab_5mc RGS Forecast
Values 030823 .xls' cell '039' in TAB CH4 to this spreadsheet in TAB "6- Gas Forecast
Data" cell 'V6'

3.) Copy CH4 maxumum from the spreadsheet 'CB05all Tab_5mc RGS Forecast
Values 030823 .xls' cell 'O40' in TAB CH4 to this spreadsheet in TAB "6- Gas Forecast
Data" cell 'V60'

a. For NH3 -
1.) Copy range AC5:AC57 to range AE7:AES9

2.) Copy NH3 minumum from the spreadsheet 'CB05all Tab_5mc RGS Forecast
Values 030823 xls' cell 'O39' in TAB NH3 to this spreadsheet in TAB "6- Gas Forecast
Data" cell 'AEG'

3.) Copy NH3 maxumum from the spreadsheet 'CB05all Tab_5mc RGS Forecast
Values 030823 .xls' cell 'O40' in TAB NH3 to this spreadsheet in TAB "6- Gas Forecast
Data" cell 'AE60"
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4. Sort the raw data as given below

a. For H2 - Sort range a5:c424 with sort keys: 1 -- column A ascending; 2 -- NONE,; 3
-- NONE

b. For N20 - Sort range J5:L424 with sort keys: 1 -- column L ascending; 2 -- NONE;
3 --NONE

c. For CH4 - Sort range S5:U424 with sort keys: 1 -- column S ascending; 2 -- NONE;
3 - NONE

d. For NH3 - Sort range AB5:AD424 with sort keys: 1 -- column AB ascending; 2 --
NONE; 3 -- NONE

Calculate the "CH4 Ratio" and "N20 Ratio" distributions

5. Calculate distributions for "CH4 Ratio" and "N20 Ratio"

a. create Assumption Distributions for H2, N20, CH4, and NH3 in celis H6, Q6, Z6,
and Al6

1.) Use the Continuous Linear function....
a). Select Creat Assumption
b.) Select Custom Distribution
c.) Select Data

d.) Enter range of data Le., d6:e60 for H2 and make sure the "cumaltive data”
selection is selected.

e). Select "OK" to create the distribution
b. Create forecasts for "N2", "CH4 Ratio" and "N20 Ratio" values
1.) the formulas behind the forecasts are:
a.) For N2: 100 - [H2] - {N20] - [CH4] - [NH3]
b.) For "CH4 Ratio*: [CH4]/([CH4] +[H2])
c¢.) For "N20 Ratio": [N20]/([N20] +[CH4] + [H2])

2.) Extract data for "CH4 Ratio" and "N20 Ratio" and copy to TAB "7-
OverallDistributions"

TAB "7-QverallDistributions"”

1. Use Crystal Ball to fit 1,000 trails of data into distribution for "CH4 Ratio" and "N20
Ratio"

a. Create a distribution using Crystal Ball to fit the data by::
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1.) Create Assumption
2.) Select fit Data
3.) Enter range of data
a.) For "CH4 Ratio" use the range B8:B1007
b.) For "N20 Ratio" use the range C8:C1007
4.y Allow Crystal Ball to fit the data to the regression curves

2.5 REFORMAT RESULTS TO FIT DATABASE

8-RPP-10006 DB values

1. For RGS Tanks copy data values from TAB "4-Gas comp by tanks” range
AQ7:AW178 to TAB "8-RPP-10006 DB values" cell A4

2. Remove blank lines and sort by Tank Name

3. When positioned as given in TAB "8-RPP-10006 DB values" the numbers will
automatically be rearranged to fit the database format by the imbedded formulas.

4. The same procedure is used for the values for the default gas composition
specifications.
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3.0 RESULTS

Table J.3.1 presents the distributions obtained by the methodology explained in Section
2. Included in the results are the gas concentration distributions for all 16 RGS tanks as
well as the gas concentration distributions for non-RGS tanks, which are labeled
“DEFAULT”. Following Table J.3.1 are 3 Figures illustrating the distributions
overlaying the frequency bins for the DEFAULT distributions, demonstrating the
closeness of fit achieved Crystal Ball by its regression algorithm.

Table J.3.1. Retained Gas Concentration Distribution Results

(4 pages)

Tank Gas Mean Std Dev  Min

A-101 CH4 Ratio 0.0206 0.0010 0.0177
A-101 N2 19.0006 23255  11.3516
A-101 N20 Ratio 0.0710 0.0053 0.0577

A-101 NH3 2.4569 0.2953 1.2415

AN-103  CH4 Ratio 0.0860 0.0356 0.0215
AN-103 N2 28.6602 5.1532 149119
AN-103  N20 Ratio 0.0534 0.0071 0.0374

AN-103 NH3 0.5966 0.0661 0.4003

AN-104  CTI4 Ratio 0.0588 0.0139 0.0266
AN-104 N2 29.1727 49184  14.3337
AN-104  N2O Ratio 0.3081 0.0321 0.2231

AN-104 NH3 0.8820 0.1337 0.3767

AN-105  CH4 Ratio 0.0223 0.0056 0.0108

AN-105 N2 24.5713 36349  14.1664

J-56

Max

0.0236

26.5940

0.0844

3.3466

0.1639

42.8042

0.0768

0.7819

0.0987

41,4358

0.4011

1.2932

0.0359

34.3390

Distribution
Type

Normal
Normal
Normal

Normal

Normal
Normal
Normal

Normal

Normal
Normal
Normal

Normal

Normal

Normal
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Table J.3.1. Retained Gas Concentration Distribution Results

Tank

AN-105

AN-105

AW-101

AW-101

AW-101

AW-101

AX-101

AX-101

AX-101

AX-101

BY-109

BY-109

BY-109

BY-109

S-102

S-102

5-102

5-102

Gas
N20 Ratio

NH3

CH4 Ratio
N2
N20 Ratio

NH3

CH4 Ratio
N2
N20 Ratio

NH3

CH4 Ratio
N2
N20 Ratio

NH3

(CH4 Ratio

N2

N20 Ratio

NH3

Mean

0.1690

0.5001

0.2136

53.5503

0.1256

0.5706

0.0568883

16.682515

0.1417203

6.5851237

0.0857066

29.044525

0.2362124

0.1912388

0.0198833

32.246089

0.4810489

0.5317253

(4 pages)

Std Dev
0.0178

0.0649

0.0210
2.7074
0.0205

0.0999

0.0072603
4.2840712
0.0080401

1.769175

0.0312712
4.4366125
(.0213373

0.0337871

0.0040362
3.0735677
0.0220261

0.2880169

1-57

Min

0.1246

0.3029

0.1565

454532

0.0779

0.2715

0.040168

4.6480254

0.1219057

3.094251

0.0277509

16.677941

0.1780785

0.081167

0.0116416

23.973632

0.4138286

0.347006%

Max
0.2198

0.7618

0.2751
62.0123
0.1739

0.9587

0.0763907
27.391705
0.1632994

10.784005

0.1608994
42.376593
0.3050799

0.3206144

0.0306858
40.719438
0.5485435

1.6237296

Distribution
Type

Normal

Normal

Normal
Normal
Normal

Normal

Normal
Normal
Normal

Normal

Normal
Normal
Normal

Normal

Normal
Normal
Normal

Normal
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Table J.3.1. Retained Gas Concentration Distribution Results
(4 pages)

Distribution
Tank Gas Mean Std Dev  Min Max Type

5-106 CH4 Ratio  0.0134833 0.0062037 0.000211 0.0296648 Normal
5-106 N2 25216722 37891284 15.249227 34922471 Normal
S-106 N2QRatio 0.1309545 0.0150095 0.0981745 0.1694995 Normal

S-106 NH3 0.2988262 0.0672631 0.0941543 0.5200336 Normal

5-111 CH4 Ratio 0.0136002 0.0015555 0.0097731 0.0192358 Normal
S-111 N2 20990104 59531917 4.5555037 34.751033 Normal
S-11t N2O Ratic  .1345261 0.0166708 0.0924325 0.1900213 Normal

8-111 NH3 0.9286594 0.2851553 0.354503 1.6034667 Normal

SX-106  CH4 Ratio 0.0170592 0.0069497 0.0046007 0.0339737 Normal
SX-106 N2 20.202874 3.4462161 10.197908 29.550656 Normal
SX-106 ~ N20Ratio 0.3154821 0.0150306 0.2752638 0.3600094 Normal

5X-106  NH3 4.2022214 1.2553005 1.7899067 6.8047356 Normal

5Y-101 CH4 Ratio  0.0650518 0.0257035 0.0145888 0.1498403 Normal
sY-101 N2 33.874694 6.7835154 13.359652 53.313162 Normal
8Y-101 N20 Ratio  0.360501 0.0490851 0.226125 0.5012775 Normal

SY-101 NH3 9.1721 2.9868881 3.2737398 15.767285 Normal
U-103 CH4 Ratio  0.0572362 0.0110623 0.0339797 0.0820054 Normal

U-103 N2 36711397 2.0175933 30.945456 42.560795 Normal

U-103 N2O Ratio  (.6032003  0.015214 0.5608%41 0.644936 Normal
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Table J.3.1. Retained Gas Concentration Distribution Results

(4 pages)
Distribution
Tank Gas Mean Std Dev  Min Max Type
U-103 NH3 0.5959713 0.1560355 0.2463287 0.9627055 Normal

U-109 CH4 Ratio  0.0489471 0.0133258 0.0238921 0.0873525 Normal
U-109 N2 46.777093 3.1883437 36.853937 56.618098 Normal
U-109 N20 Ratio  0.4889364 0.0306199 0.4021244 0.5769073 Normal

U-109 NH3 1.0070756 0.3279163 0.3542088 1.8118107 Normal

DEFAULT CH4 Ratio 0.0529 0.0563 0.0010 0.3178 LogNorm
DEFAULT N2 29.84 12.01 45000  80.0000 LogNorml

DEFAULT N2O Ratio 0.2533 0.1758 0.0010 0.6189 LogNrom

Figure J.3.1. Distribution fit of CHs4 Ratio

RO I

Mean 5.2890E-02
St Dov 5.8280E-02

Log Mean -3.31826+00
Log Std D¢ B.7019E-0%

Min 1.0000E-03
Max 0.3178
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Mean 2.53E-01
St Dew 1.76E-01

LogMaean  -157E+00
LogStdDe  6.27E.01
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Figure J.3.2. Distribution fit of N,O Ratio

Min 1.0000E-03
Max 0.6189
Figure J.3.3. Distribution fit of N; Concentration

N2 Olstriou RN 80427

LogNormal

Mean 29.84

StdDay 12.04

Min 45

Max 80
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APPENDIX K

DETERMINATION OF VOID FRACTION
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1.0 INTRODUCTION

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

2.0 VOID FRACTION DATA

Void fraction data are available from the following sources:

e Void Fraction Instrument (VFI) & Retained Gas Sampler (RGS): An average gas
volume fraction may be estimated from direct measurements of the local gas volume
fraction with the VFI and/or the RGS.

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

e Surface Level Rise (SLR): An increase in global average void fraction may be
indicated by a rise in waste surface level.

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

2.1.1.1 Void Fraction Instrument

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

A single RGS gas fraction measurement is made on a 19-inch core sample segment. The
void value from an RGS segment is generally as accurate as a single VFI data point, but
there are far fewer RGS data. There are usually only three to six RGS measurements per
tank, one to three per riser, compared to 20 - 40 VFI data points. Therefore, it is much
more difficult to show that the RGS measurements are representative of the entire tank.
In comparing the results for DSTs, the RGS differed with the VFI by about 50% on two
tanks (Tanks 241-AN-103 and 241-AW-101) where the sparse RGS data missed the bulk
of the stored gas (PNNL-10865). VFI data for single-shell tank (SST) waste are not
available. For SSTs, the average gas fraction measurements with the RGS are compared
with results from BPE and SLR analyses. Where the latter two support each other, the
RGS value may differ by 50% (PNNL-10865, PNNL-11777). Based on these
comparisons, where only RGS data are available, Pacific Northwest National Laboratory
(PNNL) assigns an uncertainty of £50% to the RGS value. For these reasons, the Analyst
Team concluded that RGS data alone are not sufficiently representative to characterize
the average void fraction in the tank waste, but can be used in determining void fraction
distributions for the respective waste forms,

2.1.1.3 Barometric Pressure Effect Method

The BPE method is the only means available to directly measure the total gas volume in
the tank waste independent of its past history. A correlation between waste level change
and barometric pressure indicates the presence of gas. However, the waste and surface
level measurement system must meet the following criteria before the correlation can be
used as a measurement (PNNL-11536):

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

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

» The waste must not be disturbed by mixing (such as done in Tank
241-5Y-101) that suspends solids and gas bubbles during the period of the
BPE measurement.

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

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

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

The overall uncertainty in the void fraction value determined with a BPE model is driven
by the uncertainty in determining both the effective pressure of the stored gas and the
correlation of waste height change with barometric pressure change (the dL/dP value).
The computed uncertainty varies from 20 - 50%, and void fractions determined with a
BPE model can differ from RGS and VFI average void values by about the same amount.
The BPE method also has a lower detection limit of 1000 - 1500 ft’ of gas
(PNNL-11890). Thus, the Analyst Team concluded that the BPE data alone are not
sufficiently accurate to characterize the average void fraction in a specific tank, but in
spite of the difficulties mentioned above, the BPE method can be used to assist in
determining void fraction distributions for the respective waste forms.

2.1.1.4 Surface Level Rise

A steady, long-term increase in the waste level indicates the accumulation of gas. The
total retained gas volume can also be estimated by SLR if the gas volume is known at
some prior time. However, unless the volume measured at some point by RGS, VFI or
BPE can be used as a base value, the uncertainty in a gas volume estimate by SLR cannot
usually be quantified.

The use of SLR data to compute the change in gas volume is subject to fewer conditions
than application of the BPE methodology. The Analyst Team concluded gas
accumulation is likely the dominant cause of gradual SLR. However, the team
recommended quantitative estimates using SLR data should not be made in tanks that
have been saltwell pumped or where the liquid level is more than a few inches below the
waste surface. No limitation was found on the level measurement system except that
neutron probe data for interstitial liquid levels should not be used becanse they are
subject to gradual porosity changes. No correction should be attempted for evaporation,
leaks, intrusions, or other second order effects because their uncertainties are typically far
larger than the correction. However, because of these potential effects, the Analyst Team
concluded the absence of level rise cannot imply the absence of gas.

Because of the broad uncertainties in the SLR methodology, SLR data cannot be used to
determine an average void fraction.
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2.1.2 Tank Void Fraction Data

Table 3.1 lists the tanks in which void fraction measurements were made with the VFI,
RGS or BPE. For each tank the best estimate of the average void fraction determined by
each methed is listed in Table 3.1. BPE void fractions reported for tanks with RGS
measurements (PNNL-10865, PNNL-11777) are calculated with the BPE2 model
specifically supporting RGS analysis or taken from PNNL-11693. Whitney (1999)
calculated void fractions over the period from 1997 through 1999 using the BPE1 model
for tanks meeting BPE requirements, and the results were reported at the Data Review
Workshops.

An approximate BPE2 value was derived for those tanks where a BPE2 value was
reported in PNNL-11693 by multiplying the current BPE1 value by the ratio BPE2/BPE1
(if BPE2 > BPE1) from the reference. Only BPE2 values are shown in Table 3.1. Tanks
for which only BPE1 void fractions are available are listed in Table 3.2.
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Table 2.1. Summary of Average Void Fraction Data

TANK Waste RGS VFI + RGS BPE2 Reference/Comment
AN-103 | SC/SS-LIQ 0.08 0.124+0.005 0.11 NCL only. Values
AN-104 [ SC/SS-LIQ | 0.057 | 0.056x0.004 0.06 computed by Guang
AN-105 | SC/SS-LIQ 0.04 0.037+0.011 0.04 Chen, PNNL, for PNNL-
AW-101 [ SC/SS-LIQ | 0.025 | 0.04+0.004 0.04 11536 Rev. 2. ¥
SY-103 | SC/SS-LIQ - 0.07+0.02 0.06
SY-101 | SC/SS-LIQ | 035t 0.30+0.04 - VEIL Stewart et al.
crust 0.46 (1998a). PNNL-13317
SY-101 | SC/SS-LIQ | 0.026x | 0.013£0.001 -
non-crust 0.013
A-101 SC/SS-NL 0.17 0.12 PNNL-13317
AX-101 | SC/SS-NL 0.17 -
BY-109 | SC/SS-NL 0.09 -
S-102 SC/SS-NL 0.25 0.14
S-106 SC/SS-NL 0.10 0.26
S-111 SC/SS-NL 0.16 0.19
SX-106 | SC/SS-NL 0.24 0.14
U-103 SC/SS-NL 0.20 0.11
U-109 SC/SS-NL 0.20 0.09
BX-101 SL-NL 0.02 LMHC Process
BX-104 SL-NL 0.12 Engineering Calculation
BX-107 SL-NL 0.03
BX-110 MX-NL 0.05
S-103 SC/SS-NL 0.16
S-107 SL-NL 0.04
U-105 SC/SS-NL 0.10
U-106 SC/SS-NL 0.02
U-107 SC/SS-NL 0.09
C-106 SL-NL 0.025+0.01 PNNL-11890
C-107 SL-NL 0.004 LMHC Process
T-107 SL-NL 0.04 Engineering Calculation
TX-103 SL-NL 0.10

1
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BPE void fraction value for the DST non-convective layer was determined from
 the total in-situ gas volume calculated from the measured dL/dP and subtracting the
estimated crust and convective layer gas volume.
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Table 2.2. Summary of Void Fractions Computed with the BPE1 Method

TANK Waste BPE1
AP-105 | SL-LIQ 0.06
AY-102 | SL-LIQ 0.11
SY-102 | SL-LIQ 0.01
A-103 | SL-NL 0.004
AY-101 | SL-NL 0.06
B-112 | SL-NL 0.01
BX-103 | SL-NL 0.004
BX-105 | SL-NL 0.003
BX-109 | SL-NL 0.003
BX-112 | SL-NL 0.01
C-103 | SL-NL 0.001
T-101 | SL-NL 0.001
T-109 | SL-NL 0.004
TX-101 | SL-NL 0.002
TX-109 | SL-NL 0.001
TY-104 | SL-NL 0.004
TY-106 | SL-NL 0.02
AX-103 | SC/SS-NL 0.002
SX-104 | SC/SS-NL 0.02
T-108 | MX-NL 0.07
TX-104 | MX-NL 0.003
TX-107 | SC/S88-NL 0.01
B-102 | SC/SS-NL 0.003
S-101 | MIX-NL 0.05

2.1.3 Tank Average Void Fraction

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

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

3.0 RESULTS

The void fraction analysis was performed based on the type of waste found in the tanks.
A full discussion of the waste type classification can be found in RPP-6171,
“Determination Of Waste Groupings For Safety Analyses”. The results address the
following waste categories: saltcake/saltslurry waste without at least 1 m of supernatant
liquid (SCSS-NL), sludge waste without at least 1 m of supernatant liquid (SL-NL),
saltcake/saltslurry waste with at least 1 m of supernatant liquid (SCSS-LIQ), sludge
waste with at least 1 m of supernatant liquid (SL-LIQ), liquid waste (LIQUID), mixed
waste without at least 1 m of supernatant liquid (MIX-NL), and mixed waste with at least
1 m of supernatant liquid (MIX-LIQ). The results are grouped together to conservatively
estimate void fractions for waste types, which do not have sufficient void fraction data to
perform a valid statistical analysis. The analysis in this section does not include the
revised void fraction estimates for Tanks 241-SY-101, 241-AN-107, and 241-AW-106 at
this time.

3.1  SCSS-NL AND MIX-NL VOID FRACTIONS

The data for SCSS-NL and MIX-NL wastes have been regressed to fit a truncated normal
distribution as shown in Figure 3.1. The graph represents a truncated normal distribution
with a mean and standard deviation as shown below.

Truncated Normal Distribution

Mean 14.32
Std Dev 6.39
Trunc low 0.01
Trunc High 40

K-10
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Figure 3.1. Void Fraction Regression Results for SCSS-NL and MIX-NL wastes
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3.2  SL-NL AND MIX-NL YOID FRACTIONS

The data for SL-NL wastes have been regressed to fit a truncated lognormal distribution
as shown in Figure 3.2. The graph represents a truncated lognormal distribution with a
mean and standard deviation as shown below.

Truncated LogNormal

Mean 2.9764
StdDev 7.6379
Trunc low 0.01
Trunc high 26.5

Figure 3.2. Void Fraction Regression Results for SL-NI, wastes
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33 SCSS-LIQ, SL-LIQ, AND MIX-LIQ VOID FRACTIONS

The data for SCSS-LIQ, SL-LIQ, and MIX-LIQ wastes have been regressed to fit a
truncated lognormal distribution as shown in Figure 3.3. The graph represents a

truncated lognormal distribution with a mean and standard deviation as shown below.

addition wastes with significant supernatant (greater than 1 m depth) have an upper
bound at the neutral buoyancy void fraction for the waste.

Truncated LogNormal

Mean 6.47592
StdDev 2.95836
Trunc low 0.01
Trunc high 15.11

Figure 3.3. Void Fraction Regression Results for SCSS-LIQ, SL-LIQ,
and MIX-LIQ wastes
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LIQUID WASTE VOID FRACTIONS

Liquid wastes do no retain gas. Any gas found in the liquid wastes is considered
transient and is not considered as trapped or retained gas. Therefore the void fraction for
liquid waste is O.

Ajuanbai




RPP-10006 REV 1

4.0 REFERENCES

PNNL-11777, 1997, “Composition and Quantities of Retained Gas Measured in Hanford
Waste Tanks 241-U-103, S-106, BY-101, and BY-109", Revision 1, Pacific
Northwest National Laboratory, Richland, Washington.

PNNL-11536, 1997, “Gas Retention and Release Behavior in Hanford Double-Shell
Waste Tanks”, Revision 1, Pacific Northwest National Laboratory, Richland,
Washington.

PNNL-10865, 1997, “Composition and Quantities of Retained Gas Measured in Hanford
Waste Tanks 241-AW-101, A-101, AN-105, AN-104, and AN-103”, Pacific
Northwest National Laboratory, Richland, Washington.

PNNL-11890, 1998, “Baseline Estimate of the Retained Gas Volume in Tank 241-C-
106”, PNNL-11890, Pacific Northwest National Laboratory, Richland,
Washington.

PNNL-11693, 1997, “Estimating Retained Gas Volumes in the Hanford Tanks using
Waste Level Measurements”, Pacific Northwest National Laboratory, Richland,
Washington.

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

Whitney, P. D., 1999, Personal Communication (May 4, 1999) to W.B. Barton and S. A.
Barker.

K-14




RPP-10006 REV 1

APPENDIX L

CHECKLIST FOR TECHNICAL PEER REVIEW




RPP-10006 REV 1

This page intentionally left blank.




RPP-10006 REV 1

CHECKLIST FOR TECHNICAL PEER REVIEW

CHECKLIST FOR TECHNICAL PEER REVIEW

Document Reviewed: RPP-10006, Methodology and Calculations for the Assignment of Waste
Groups for the Large Underground Waste Storage Tanks at the Hanford Site, Rev. 1

Scope of Review (e.g., document section or portion of calculation): Review solely covered
document revisions {i.e., changes from Rev. O to Rev. 1) and the calculation results of the
selection criteria. The Monte Carlo simulation was not reproduced.

Yes No NA*
[J [T [X] 1. Previous reviews are complete and cover the analysis, up to the scope of this
review, with no gaps.
[X][] [1 2. Problem is completely defined.
| 1 {1 X1 3. Accident scenarios are developed in a clear and logical manner,
| [X]1[] [] 4. Analytical and technical approaches and results are reasonable and

appropriate. (ORP QAPP criferion 2.8}
[X] E] {1 5. Necessary assumptions are reasonable, explicitly stated, and supported.
(ORP QAPP criterion 2.2)

i} [l X 6. Computer codes and data files are documented.
[X][1 [] 7. Dataused in calculations are explicitly stated.
[X] [1 [1 8. Bases for calculations, including assumptions and data, are consistent with

the supported safety basis document (e.g., the Tank Farms Final Safety
Analysis Report).

[1 [1 [X] 9 Datawerechecked for consistency with original source information as
applicable. (ORP QAPP criterion 2.9)

X111 [1  10. For both qualitative and quantitative data, uncertaintics are recognized and
discussed, as appropriate. (ORP QAPP criterion 2.17)

[1 [1 [X1 11.Mathematical derivations were checked including dimensional consistency of
results. (ORP QAPP criterion 2.16)

(X111 [1 12. Models are appropriate and were used within their established range of
validity or adequate justification was provided for use outside their
established range of validity,

X1 {1 [} 13, Spreadsheet results and all hand caleulations were verified.

[X] [1 [1 14.Calculations are sufficiently detailed such that a technically qualified person
can understand the analysis without requiring outside information. (ORP
QAPP criterion 2.5)

[1 [1 [X] 15. Software input is correct and consistent with the document reviewed.

[1 11 X1 16. Software output is consistent with the input and with the resuits reported in

the document reviewed,

[1 [1 [X} 17 Software verification and validation are addressed adequately. (ORP QAPP
criterion 2.0)

[1 [1 [X] 18. Limits/criteria/guidelines applied to the analysis results are appropriate and
referenced. Limits/criteria/guidelines were checked against references.
(ORP QAPP criterion 2.9)

{1 1] IX} 19 Safety margins are consistent with good engineering practices.
X1 [1 [] 20.Conclusions are consistent with anatytical results and applicable limits.
[X31[] [] 21.Results and conclusions address all points in the purpose, (ORP Q4PP

criterion 2.3)




RPP-10006 REV 1

[1 [1 [X] 22 All references cited in the text, figures, and tables are contained in the
reference list.

1} 11 X1 23 Reference citations (e.g., titte and number) are consistent between the text
callout and the reference list.

[1 [] [X] 24.Onlyreleased (i.c., not draft) references are cited. (ORP QAPP criterion 2.1)

[1 1 [X} 25.Referenced documents are retrievable or otherwise available.

[1 [] [X] 26.The mostrecent version of each reference is cited, as appropriate. (ORP
QAPP criterion 2.1}

[ [1 X1 27. There are no duplicate citations in the reference list.

[1 [1 [X] 28.Referenced documents are spelled out (title and number) the first time they
are cited,

[1 [1 [X] 29.All acronyms are spelled out the first time they are used.

[1 {1 [X1 30.The Table of Contents is correct.

[T []1 [X] 31.All figure, table, and section callouts are correct.

(X1 [1 [] 32 Unitconversions are cotrect and consistent.

[1 {1 X] 33.The number of significant digits is appropriate and consistent.

[J [E1 [X] 34.Chemical reactions are correct and balanced.

T [1 [X] 35.All tables are formatted consistently and are free of blank cells.

11 I} X1 36. The document is complete (pages, attachments, and appendices) and in the
proper order.

{1 [1 X1 37 The document is free of typographical errors.

[1 [] [X] 38 The tables are internally consistent.

I [1 [X] 39 Thedocument was prepared in accordance with HNF-2353, Section 4.3,
Attachment B, “Calculation Note Format and Preparation Instructions”.

[Xj [} [] Concurrence

Gore B PO\ v~ ghelbz

Reviewer (Printed Name and Signature) Datk

* [fNo or NA is chosen, provide an explanation on this form.

NA 1. Review conducted as noted in the comments section of this checklist

NA 3. No accident scenarios were presented in the document within the scope of this review.

NA 6. Verification of documentation of computer codes and data files was not addressed by this
teview,

NA 9. Consistency of data with original source information was not addressed by this review.

NA 11. No mathematical derivations were presented in the document within the scope of this
TeView.

NA 15-16. Reproduction of the Monte Carlo statistical analysis was not within the scope of this
review.

NA 17. Software compliance was not addressed by this review.

NA 18. Limits/criteria/guidelines were not applied to this review.

NA 19. Safety margins were not determined in this review.

NA 22-31, 35-39. Editorial review was not performed as part of this review.

NA 33. Given parameter uncertainties, no attempt was made to verify significant digits,

NA 34. No specific chemical reactions are included in this document.




RPP-10006 REV 1

CHECKLIST FOR TECHNICAL PEER REVIEW

Document Reviewed: XPF—/000 b, Red,

Yes No NA*

[}

———t

1
1
]

e, p— p—
[y -

(

|
|
[

———

]

]
J
1

[ Py —

[X]
[X]
[X]
[X]

[X]

XY

[(X]
[X}]
X}
[X}]
{X]
[X]

>

{X]
[X]

[X]
[X]

=

13
14,

15.

16.

17.

18.

19.
20.

Previous reviews are complete and cover the analysis, up to the scope of this
review, with no gaps.

Problem is completely defined.

Accident scenarios are developed in a clear and logical manner.

Analytical and technical approaches and results are reasonable and appropriate.
(ORP DAPP criterion 2.8)

Necessary assumptions are reasonable, explicitly stated, and supported. (ORP
QAPP criterion 2.2)

Computer codes and data files are documented.

Data used in calculations are explicitly stated.

Bases for calculations, including assumptions and data, are consistent with the
supported safety basis document {e.g., the Tank Farms Final Safety Analysis
Report).

Data were checked for consistency with original source information as applicable.
{ORP QAPP criterion 2.9)

. For both qualitative and quantitative data, uncertainties are recognized and

discussed, as appropriate. (ORP QAPP criterion 2.17)

. Mathematical derivations were checked including dimensional consistency of

results, (ORP QAPP criterion 2.16)

. Models are appropriate and were used within their established range of validity or

adequate justification was pravided for use outside their established range of
validity.

Spreadsheet results and all hand calculations were verified.

Calculations are sufficiently detailed such that a techaically qualified person can
understand the analysis without reguiring outside information, (ORP QAPP
criterion 2.5)

Software input is correct and consistent with the document reviewed.

Software output is consistent with the input and with the results reported in the
document reviewed,

Software verification and validation are addressed adequately. (ORP QAPP
criterion 2.6)

Limits/criteria’guidelines applied to the analysis results are appropriate and
referenced. Limits/criteria/guidelines were checked against references. (ORP
QAPP criterion 2.9)

Safety margins are consistent with good engineering practices.

Conclusions are consistent with analytical results and applicable limits.

L-3




RPP-10006 REV 1

[ 30 10X] 21 Resultsand conclusions address all points in the purpose. (ORP QAPP criterion
2.3

[XT[L 101 22 Allreferences cited in the text, figures, and tables are contained in the reference
list.

[XJL T[] 23. Reference citations (e.g., title and number) are consistent between the text callout
and the reference list.

[XI[ J [ 1T 24 Onlyreleased (i.e., not draft) references are cited. (ORP QAPP criterion 2.1)

[XI[ V[ 1 25. Referenced documents are retrievable or otherwise available.

[X1[ 11 1 26. The most recent version of each reference is cited, as appropriate. (ORP QAPP
criterion 2.1)

[X1[ 11 1 27. There are no duplicate citations in the reference list,

[X1[ ][ 1 28 Referenced documents are spelled out (title and number) the first time they are
cited.

[XI0 11 1 29 All acronyms are spelled out the first time they are used.

[XT[L T{ 1 30 The Table of Contents is correct.

SIXI0 3 L1 31, All figure, table, and section callouts are correct.

EXI[ 1 [ 1. 32. Unitconversions are correct and consistent.

[ 301 0X7] 33 The number of significant digits is appropriate and consistent.

{10 7 ([X] 34. Chemical reactions are correct and balanced,

[XJ[ 100 ] 35 Alltables are formatted consistently and are free of blank cells.

[X1[ 11 1 36. The document is complete (pages, attachments, and appendices) and in the proper
order.

[XIL 1 [ 1 37 The document is free of typographical errors.

[XI[ 1 [ 1 38. The tables are internally consistent.

[ T1 3 I[X] 39. The document was prepared in accordance with HNF-2353, Section 4.3,

Attachment B, “Calculation Note Format and Preparation Instructions”.

Comments: RPP- /boo 5} Re v,/

Ject ok QT Lot (LAt §-2-02
Reviewer (Printed Name a Signatu‘fe) Date

* IfNo or NA is chosen, an explanation must be provided on this form.




