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1.0 INTRODUCTION

1.1  PURPOSE

This technical basts document was developed to support the Tank Farms Documented Safety
Analysis (DSA) and describes the risk binning process and the technical basis for assigning risk
bins for the tank bump representative accident and associated hazardous conditions. The purpose
of the risk binning process is to determine the need for safety-significant structures, systems, and
components {SSC) and/or technical safety requirement (TSR)-level controls for a given
representative accident or represented hazardous conditions based on an evaluation of the
frequency and consequence. Note that the risk binning process is not applied to facility workers,
because all facility worker hazardous conditions are considered for safety-significant SSCs
and/or TSR-level controls. (See RPP-14286, Facility Worker Technical Basis Document.)
Determination of the need for safety-class SSCs was performed in accordance with
DOE-STD-3009-94, Preparation Guide for U.S. Department of Energy Nonreactor Nuclear
Facility Safety Analysis Reports, as described below.

1.2 BACKGROUND INFORMATION

1.2.1 Representative Accident

A tank bump is a postulated event in which gases, consisting mostly of water vapor, are suddenly
emitted from the waste and cause tank headspace pressurization. A tank bump is distinguished
from a gas release event in two respects: first, the physical mechanism for release involves
vaporization of locally superheated liquid; and second, gases emitted to the head space are not
flammable. For this reason, a tank bump is often called a steam bump.

In this analysis, even though non-condensible gases may be considered in bump models,
flammability and combustion of emitted gases are not. Generation and release of flammable or
combustible gases is treated in RPP-13510, Flammable Gas Technical Basis Document.

The following paragraphs summarize the current understanding of the mechanisms involved in
tank bumps and describe the conditions that must be present for a tank bump to occur. This is a
summary of information presented in RPP-6213, Hanford Waste Tank Bump Accident and
Consequence Analysis.

o The sludge layer must have sufficient heat generation so that it can heat a region of the
sludge to the saturation temperature in that region. The heat generation rate must be
sufficient for some part of the sludge to reach saturation temperature. Gas bubbles can
accumulate in this area of the sludge to the point where the sludge density is less than the
covering supernatant density. If the buoyant force exceeds the sludge shear strength, the
affected volume of sludge can break loose. A tank with a heat load less than 11.3 kW is
not susceptible to a tank bump.
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e There must be a significant sludge (non-convective) layer in the tank. If the sludge layer
is not thick, high local temperatures will not occur because the heat can be removed by
conduction to the soil and/or supernatant, and convection from the supernatant to the
headspace gas. A tank with a non-convective layer thinner than 0.3 m is not susceptible
to a tank bump.

o The material properties of the sludge must be such that net retention of non-condensible
gases occurs and can eventually lead to neutral buoyancy. Water vapor will enter these
gas bubbles at an increasing rate as local saturation temperature is approached.
Eventually, buoyant displacement of non-condensible gases and steam initiates the bump.

o There must be a sufficient supernatant layer (convective layer) such that a rising waste
parcel is locally superheated, causing rapid expansion of existing bubbles. The deep
supernatant layer must be near its saturation point. This growth and release of gas and
steam increases the headspace pressure. If the supernatant is too cool, bubbles from the
sludge layer will lose sufficient heat such that bubbles will not grow and a bump will not
occur. A tank with a convective layer less than 1 m is not susceptible to a tank bump.

An analysis in RPP-6213 evaluated all single-shell tanks (SST) and double-shell tanks (DST) for
the probability and consequences of a tank bump, and no SSTs were found to be susceptible.
The DSTs that are susceptible to a tank bump are DSTs 241-AY-102, 241-AZ-101, and
241-AZ-102 (all other DSTs had insufficient heat load). All susceptible tanks are in the Aging
Waste Facility (AWF). The heatup time developed in this analysis is bounded by DST 241-AZ-
101, which has a heat load of approximately 61 kW. The other susceptible DSTs have lower
heat loads and heatup rates. Although DST 241-AZ-101 has the fastest heatup rate during a loss
of cooling event, tank bump consequences are influenced by other waste conditions, notably the
settled solids or non-convective layer depth. For this reason, a consequence evaluation for a tank
bump in all susceptible tanks is presented.

1.2.2 Bounding Offsite Accident

A tank bump is a moderate energy atmospheric vapor/gas/aerosol release event that is bounded
by the tank failure due to excessive loads accident, which has been quantitatively analyzed for
comparison to the DOE-STD-3009-94, Appendix A, “Evaluation Guideline” of 25 rem. The
bounding quantitative analysis for the tank failure due to excessive loads accident is documented
in RPP-12395, Offsite Radiological Consequences of Waste Tank Dome Failure, and shows that
offsite radiological consequences are less than 1 rem; therefore, no safety-class equipment or
TSR-level controls need to be considered for offsite radiological exposures for any of the
moderate energy atmospheric vapor/gas/aerosol release events. It is important to note that
DOE-STD-3009-94 does not provide any other evaluation guidelines (i.e., evaluation guidelines
are not provided for offsite toxicological, onsite radiological and toxicological). These
exposures were evaluated for the tank bump accident and associated hazardous conditions in
accordance with the risk binning process described in Section 1.3.
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1.2.3 Associated Hazardous Conditions

In addition to the hazardous condition that defines the representative accident, the current
hazards evaluation database lists a number of hazardous conditions that are represented by the
tank bump accident. Some of these hazardous conditions result from another cause, but were
assigned to the tank bump representative accident because these events all involve moderate
energy releases caused by high heat and/or loss of ventilation.

1.3  RISK BINNING METHODOLOGY

The risk binning process was conducted in accordance with direction provided by the U.S.
Department of Energy, Office of River Protection (Klein and Schepens, 2003, “Replacement of
Previous Guidance Provided by RL and ORP”). Risk binning begins with a qualitative
evaluation of the frequency and consequence of the representative accident. Consequences are
evaluated for the following receptors and exposures: offsite toxicological, onsite radiological,
and onsite toxicological. These consequences are assigned to one of three categories: high,
moderate, or low. Based on the frequency and consequence, risk bins (ranging from I to IV) are
assigned. It is important to note that for offsite toxicological, onsite radiological, and onsite
toxicological exposures, safety SSCs and/or TSR-level controls are required for accidents or
hazardous conditions that are assigned to risk bins I or I, and are considered for accidents or
hazardous conditions that are assigned to Risk Bin III. For accidents or hazardous conditions
assigned to Risk Bin IV, safety SSCs and TSR-level controls are not expected. Safety
management programs (SMP) are acceptable for addressing the residual risk posed by Risk Bin
IV conditions. Table 1 and 2 show the criteria for assigning the frequency and consequence
categories, and the risk bins, which are assigned to the various combinations of frequency and
consequence. After the risk binning process is completed for the representative accident, the
process is then repeated for the represented hazardous conditions associated with the
representative accident.
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Environmental consequences are also assigned during the risk binning process. There are four
categories of environmental consequences (EQ, E1, E2, and E3, in order fo increasing severity);
these categories are defined in Table 3.

Table 3. Environmental Consequence Categories.

Category Definition
E3 Offsite discharge or discharge to groundwater
E2 Significant discharge onsite
El Localized discharge of hazardous material
EO No significant environmental consequence

2.0 RISK BINNING RESULTS

A risk binning tearn meeting was conducted on September 26, 2002, to obtain consensus on the
assignment of frequencies, consequences, and risk bins. The attendees represented a wide range
of expertise in the areas of engineering, licensing, and operations, and included representatives
from the U.S. Department of Energy, Office of River Protection. Appendix A lists the attendees
and the organization each attendee represents. After the meeting, the risk binning results were
distributed to the Technical Working Group (TWG) for review and concurrence. The TWG
concurred with the final risk bin results, which are shown in Table 4 (RPP-15116, Proceedings
of the Nuclear Working Group and the Technical Working Group).

Table 4. Summary of Results for Representative Scenarios. (2 sheets)

Consequences Risk bin
- o - ~— St =] ~
Postulated accident/Hazardous condition Frequency g _g g % 3 % E 7 %D é _: Q %
O:ao.;o.a = o;ao.go.;
Bl g & &| B g =
=
Long-term loss of ventilation airflow caused by
power outage results in tank bump. U L LM EH I o
Long-term loss of ventilation airflow and transfer
pump operation in recirculation mode results in tank 6] L LM JEl | O |0 | II
bump.
Loss of ventilation airflow caused by a plugged
exhaust HEME/HEGA/HEPA filter results in tank U L L |M|El |1l |O| I
bump.
Loss of ventilation airflow caused by a plugged inlet
filter results in an increase in tank vacuum, causing EU L L | M |El|IV |V |II
a tank bump.
Long-term loss of ventitation airflow caused by
power outage results in tank waste boiling. v L | LjEjmjmjm
SST boiling or flashing. BEU L L | L JEl|[IV|IV]|IV
Dome collapse caused by tank bump. BEU L L [M]JEl|IV |[IV ]IV
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Table 4. Summary of Results for Representative Scenarios. (2 sheets)

Consequences Risk bin
= E|
Postulated accident/Hazardous condition e Fe 2 E I ¥ e X
Frequency |2 =i 35|83 5 |E2| €283
=] o.; O.E =" o.ﬁ o.;
B 8| & &| B & £
=
Notes: HEPA = high-efficiency particulate air (filter).
BEU = beyond extremely unlikely. L =low.
EU = extremely unlikely. M = moderate.
HEGA = high-efficiency gas adsorber. SST = single-shell tank.
HEME = high-efficiency mist eliminator. U = unlikely.

2.1 TANK BUMP REPRESENTATIVE ACCIDENT WITHOUT CONTROLS

2.1.1 Scenario

The saturation temperature of tank liquid waste for the bounding case, 241-AZ-101, is 104 °C
(220 °F) (RPP-14892, Boiling Point Calculation for Selected Double-Shell Tanks) at atmospheric
pressure because of the dissolved salt content in the waste. Hydrostatic head for the total waste
height (including sludge) increases local pressure and saturation temperature. A significant tank
bump will not occur if the liquid waste is sub-cooled by 10 °F; i.e., if the temperature is 210 °F
(RPP-6213, Figure 4-5).

For the bounding tank bump scenario, it is postulated that the DST Primary Ventilation System
fails for an indefinite amount of time. DST 241-AZ-101 has a total heat load of approximately
61 kW, and the heatup rate of the waste in the tank has been calculated to be 0.6 °F/day
following a loss of cooling (RPP-6213). A key assumption of this analysis is that the waste
supernatant temperature is less than or equal to 195 °F when the loss of power occurs. It would
take 25 days for the tank to reach bump conditions ([210 °F — 195 °F]/ 0.6 °F/day = 25 days)
following a loss of power. It is also important to note that the maximum temperature of the tank
waste is normally much lower than 195 °F (e.g., <165 °F). A lower starting temperature after a
loss of cooling capability would provide significantly more margin to saturation than that
assumed here in the analysis without controls. Another key assumption is that 61 kW is the
maximum tank heat load.

2.1.2 Frequency Determination

It is expected that extreme conditions would be necessary to cause a failure of the tank waste
cooling capability that would approach 25 days. The only event judged to be capable of
producing such extreme conditions is an earthquake, which causes such widespread damage that
the ventilation system remains inoperable.

A frequency of “unlikely” was qualitatively assigned to this accident based on the expected
frequency of the initiating event (e.g., design basis earthquake resulting in long-term loss of
power) and heating of the tank waste.
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2.1.3 Consequence Determination
Consequences are calculated for all three tanks that are susceptible to a bump.
Source Term

The source term was calculated based on waste information (sludge depth, supernatant depth,
waste chemical and physical properties, etc.) for individual tanks that was taken from RPP-5926,
Steady-State Flammable Gas Release Rate Calculation and Lower Flammability Level
Evaluation for Hanford Tank Waste. This use of tank-specific waste information is a key
assumption of this analysis.

The source term was calculated using analytical models that are described in RPP-6213. The
analytical model includes mass and heat transfer and calculates bubble, gas, and aerosol
dynamics. The model includes the tank headspace, ventilation system, pump pits, and structures.
The growth of bubble volume causes a rise in the supernatant level and pressure increase in the
tank headspace, which the model calculates. The headspace gas can leave through the inlet and
outlet ventilation paths. Leakage paths are also comprised of drains in the four sluice pits and
center pit. As the bubbles break through the surface, they release vapor and gas and cause
ejection of a supernatant spray into the headspace. The model assumes complete mixing in the
headspace and calculates temperatures, pressures, and aerosol entrainment and deposition. The
increased pressure causes a flow of aerosol-laden air from the headspace to any available
pressure-relief path, but mostly through the ventilation system. The model considers material at
risk, damage ratio, airborne release fraction, and leak path factor.

The steam entering the headspace expands to a saturated state. The model predicts the total
amount of aerosols released to the environment, the elapsed time, the number of bumps, and the
interval between bumps (RPP-6213). The source terms are summarized below. All of the
released material is conservatively estimated to be respirable.

Source Term Summary

Tank Total Source | Liquid Source | Solid Source | Number of | Interval Between
Term (kg) Term (L) Term (L) Bumps Bumps
241-AY-102 0.6 0.49 0.03 11 ~18 hours
241-AZ-101 2.6 2.22 0.08 6 ~30 sec
241-AZ-102 3.7 3.26 0.14 6 ~14 hours

The first pressure spike is approximately 3.6 Ib/in® gauge, which is sufficient to cause failure of
the high-efficiency particulate air (HEPA) filters (assumed to fail at ~1.3 1b/in’
[DOE-HDBK-3010-94, Airborne Release Fractions/Rates and Respirable Fractions for
Nonreactor Nuclear Facilities]). Therefore, the airborne material generated is assumed to enter
the environment unfiltered. The HEPA filters, which are in the pressure release path, are likely
to contain a small amount of contamination from normal tank operation prior to the tank bump
and are assumed to fail catastrophically. The ventilation system for the 241-AY and 241-AZ
tank farms releases the equivalent of only 5.35E-05 L of DST waste (RPP-13437, Technical
Basis Document for Ventilation System Filtration Failure Leading To An Unfiltered Release).
This quantity of material is very small compared to the amount of aerosolized material released
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from the tank due to the tank bump event. Therefore, it can be concluded that the consequences
of a release from the filters due to failure by the pressure spike is negligible compared to the
consequences of the airborne material released from the headspace because of the bump.

Radiological Consequences

The radiological consequences are calculated with the method described in RPP-13842,
Atmospheric Dispersion Coefficients and Radiological/Toxicological Exposure Methodology for
Use In Tank Farms, using the equation: '

D=(QrxULDy + Qs x ULDg) x /Q'x BR

where:

D = radiological consequences in Sv
¢ = liquid source term in L
Os = solids sourceterm in L

ULD; = liquid unit liter dose in Sv/L

ULDs = solids unit liter dose in Sv/L

X/Q' = atmospheric dispersion coefficient in s/m’
BR = breathing rate in m’/s.

The breathing rate is 3.33E-04 (RPP-5924, Radiological Source Terms for Tank Farms Safety
Analysis). The onsite y/Q' is conservatively taken to be for a 2-hr release with plume meander,
and is 9.40E-03 s/m® (RPP-13482). A key assumption of this analysis is the use of tank-specific
unit-liter doses (ULD) from RPP-5924. They are summarized below:

Tank Waste Unit-Liter Doses (ULD)
ULD, Sv/L.
Tank —— -
Liquid Solid
241-AY-102 1.4E+01 3.1E+04
241-AZ-101 4.0E+02 1.9E+05
241-AZ-102 2.6E+02 6.4E+04

The onsite radiological consequences are calculated to be:

Onsite Radiological Consequences
Tank Sieverts rems
241-AY-102 2.9E-03 2.9E-01
241-AZ-101 5.04E-02 5.04
241-AZ-102 3.07E-02 3.07
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Toxicological Consequences

Toxicological consequences are also calculated with the method described in RPP-13842, using
the equation:

T=(QLxSOF; + QSxSOFS)x/Q'/d

where:

T = toxicological sum of fractions consequences
Or = liquid source term in L

SOF; = liquid sum of fractions multiplier
Qs =  solids source term in L

SOFs = solids sum of fractions multiplier

ULD; = liqud unit-liter dose in Sv/L

ULDgs =  solids unit-liter dose in Sv/L

y/Q" = atmospheric dispersion coefficient in s/m’

d = event duration in seconds.

The tank bumps for DSTs 241-AY-102 and 241-AZ-102 consist of several small bumps that are
many hours apart. For this reason, unlike the radiological consequences, which are based on a
continuous exposure, the toxicological consequences for these tanks are based on the worst-case
individual release. The release is modeled as a continuous release over 60 sec. Because the
waste concentration in the tank headspace does not completely fall out after each bump, the
concentration gradually increases and so the worst-case release is the final one. The individual
release source term is estimated to be total source term divided by the number of bumps, plus a
multiplier of 20% to account for aerosol buildup in the tank headspace during the series of
bumps. The magnitude of the multiplier is estimated from RPP-6213, Figure 8-2 (the
consequences do not depend strongly on this multiplier).

Because the releases from DST 241-AZ-101 occur in rapid succession, they are modeled as a
single continuous release that occurs over 3 min (RPP-6213).

The onsite and offsite ¥/Q's are conservatively taken to be for a 1-hr release without plume
meander, and are 3.28E-02 s/m° and 2.22E-05 s/m’, respectively (RPP-13482). A key
assumption of this analysis is the use of tank-specific sums of fractions (SOF) from Appendix G
of RPP-8369, Chemical Source Terms for Tank Farms Safety Analyses. They are sammarized
below:

Tank Waste Sums of Fractions

Tank Waste Type TEEL-1 TEEL-2 TEEL-3
2avior |— A S
il 255408 So0Es05 | 370E407
Az | 3108 | S 1508 | 363407

9
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The toxicological consequences were calculated based on SOFs for “low” consequences, i.e.,
Temporary Emergency Exposure Limit -1 (TEEL) for the offsite receptor and TEEL-2 for the
onsite receptor. Onsite toxicological consequences were also calculated based on the TEEL-3
SOFs for “moderate” consequences (see Tables 1 and 2).

Toxicological Consequences
Tank 241-AY-102 | 241-AZ-101 | 241-AZ-102
Onsite 29 53 30
Offsite 1.2E-02 0.24 0.11
Onsite 0.17 1.8 1.1
(TEEL-3)

Although the onsite toxicological consequences for some tanks exceed the “moderate” guideline,
the consequences were qualitatively evaluated as “moderate” rather than “high,” based on the
many conservatisms inherent in the model. For example, use of the bounding 1-hour ¥/Q
(3.28E-02 s/m”) neglects the momentum and buoyancy effects of the plume, neglects thermal
rise of the plume, and neglects volumetric release adjustments. All of these effects would be
expected in a pressurized release of high-temperature (>200 °F) aerosol material, and would
reduce the %/Q. By comparison, the bounding moderate energy atmospheric vapor/gas/aerosol
release event, tank failure due to excessive loads, uses a y /Q of 1.98E-03 (RPP-12444, Technical
Basis for the Tank Failure Due to Excessive Loads Representative Accident and Associated
Represented Hazardous Conditions). The onsite y /Q for a vehicle fuel tank fire is 6.98E-04
(RPP-13978, Technical Basis for the Transportation Related Handling Representative Accidents
and Associated Hazardous Conditions), the y /Q for fire in contaminated area is 6.23E-04
(RPP-13354, Technical Basis for the Release from Contaminated Facility Representative
Accident and Associated Represented Hazardous Conditions). Other conservatisms present in
the HADCRT code (e.g., leak path factor) are explained in RPP-6213.

Key Assumptions
This analysis contains three key assumptions:

» The initial temperature of the waste supernatant is 195 °F. This is reasonably
conservative, since recent operational experience has shown no tank temperatures over
165 °F for several years.

» The maximum tank heat load is 61 kW (DST 241-AZ-101). This is reasonably

conservative, since Tank 241-AZ-101 has a significantly higher heat load than any other
tank.

= Existing tank contents (from RPP-5926) are used to calculate the source term. This

assumption is based on the fact that there are no plans to significantly alter the contents of
the AWF tanks prior to the waste feed delivery mission (the AWF tanks will comprise the

10
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first batches of high-level waste sent to the Waste Treatment Plant [RPP-8218,
Generalized Feed Delivery Descriptions and Tank Specific Flowsheets]). Use of the
existing tank contents also affects the selection of ULDs and SOFs.

A sensitivity analysis in RPP-6213 concluded that a hypothetical tank that is filled to the
operating limit with 50% solids and 50% liquid would produce the bounding source term (9 kg).
If this source term were combined with bounding ULDs and SOFs, the onsite toxicological
consequences would be sufficiently high to change the risk bin. Since no existing tank resembles
this, and creation of such a tank by waste transfers is considered unlikely, this sensitivity is not
considered further.

Assumption Sensitivities

Assumptions are listed in Table 5. It is important to note that the analysis assumptions listed in
Table 5 were selected to maximize the calculated consequences of the tank bump accident and
that it is the combination of conservative assumptions that actually drive the accident
consequences. The sensitivity of the key assumptions and input parameters, including the
potential effect of changes in the assumption on the frequency or consequence level
(qualitatively judged), and the need to protect the assumptions are detailed in Table 5.

11
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2.1.3.1 Assignment of Consequence Bins for the Onsite Receptors

In determining the offsite toxicological and onsite radiological and toxicological consequences
bins, the meeting participants considered the actual operational experience where a tank bump-
type event produced only a small pressure increase in the feed tank, as well as the existing
analysis which applied a combination of conservative assumptions to calculate radiological and
toxicological consequences. These calculated consequences are low when compared to the
guidelines (i.e., the onsite radiological consequence of 5 rem <25 rem and the offsite
toxicological consequences [SOFs] of 0.24 <1 [TEEL-1]). Therefore, a consequence bin of
“low” was assigned to the onsite radiological and offsite toxicological exposures. However, the
onsite toxicological consequence exceeds 1 (TEEL-2 and TEEL-3). As described in

Section 2.1.3, a consequence bin of “moderate” was qualitatively assigned to the onsite
toxicological exposure.

2.1.3.2 Assignment of Environmental Consequences

Based on operationa.l.éxperience and the conservative calculations in RPP-6213, where the
estimated release was 3.7 kg of waste, it was concluded that there is limited potential for material
release to either the atmosphere or ground. Therefore, an environmental consequence of E1 was
assigned to the tank bump representative accident.

2.1.3.3 Assignment of Risk Bins

As discussed previously, the frequency of the tank bump was considered to be in the “unlikely”
range and the offsite toxicological and onsite radiological consequences were all assigned a
consequence bin of “low.” The onsite toxicological consequences were qualitatively assigned a
consequence bin of “moderate.” Therefore, each exposure category for the tank bump
representative accident was assigned to Risk Bin III, with the exception of onsite toxicological
(which was assigned to Risk Bin II}.

2.2 TANK BUMP - ASSOCIATED HAZARDOUS CONDITIONS

There are several additional hazardous conditions represented by the tank bump representative
accident. The results of the risk binning process for these hazardous conditions are shown in the
hazard evaluation database under representative accident (Rep Acc) 18A. Included in hazard
evaluation database entries is a basis for each consequence and frequency.

As noted previously, some of these hazardous conditions result from causes other than a tank
bump, but were assigned to the tank bump representative accident because these events all
involve moderate energy releases caused by high heat and/or loss of ventilation. Consensus was
reached that all the represented hazardous conditions were bounded by the representative
accident. One key assumption influenced the frequency of the hazardous conditions associated
with SST 241-SX-114. Another key assumption involved the influence of transfer pump
operation on the frequency of a tank bump. Other key assumptions influenced the frequency of a
tank bump caused by a plugged filter (instead of loss of power), the frequency of waste boiling
resulting from a loss of power, and the frequency of a tank bump that results in a dome collapse.
These key assumptions are described in Table 6.
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Double-Shell Tank Supernatant Boiling

One of the associated hazardous conditions (102AW-02-TEMPO01) is that the high heat caused
by long-term loss of cooling causes the waste supernatant to boil. The waste release rate is

0.06 kg/day (RPP-15088, Consequences of Select Boiling Waste Scenarios For Waste Feed
Delivery). The waste is conservatively assumed to consist of bounding DST liquids, with a
density of 1.1 kg/LL (RPP-5926). Using this source term and the methodology described in
Section 2.1.3 for continuous exposure, the onsite radiological consequences are 6 millirem. The
onsite and offsite toxicological consequences are 2.05 x 102 and 3.01 x 107, respectively. These
consequences are all below guidelines.

The initiator for tank waste boiling is the same as for tank bump, i.e., the long-term loss of tank
ventilation. For this reason, the frequency of tank waste boiling is also considered “unlikely,”
and the onsite radiological and onsite and offsite toxicological exposures are assigned to

Risk Bin III.

Effect of Transfer Pump Operation in Recirculation Mode

One of the associated hazardous conditions (AN102-CM-11) is that the additional heat generated
by operation of a transfer pump in recirculation mode causes a tank bump. The 100-hp (75 kW)
new generation transfer pump bounds the 30-hp pumps currently in use. Operation of this pump
in DST 241-AZ-101 will be a total heat load of 61 + 75 = 136 kW. Using the heatup rate
equations in RPP-6213, this heat load results in a heatup rate of 1.30 °F/day. Using the
methodology described in Section 2.1.1, this heatup rate is sufficient to cause a tank bump in
11.5 days([210 °F — 195 °F]/1.30 °F/day = 11.5 days). The use of a transfer pump in an AWF
tank for this period of time — without making a transfer — is considered to be “unlikely.” This is
the same frequency as the representative accident; therefore, no changes are made to the risk bin
assignments when the pump is installed in any tank in the AWF.

In non-AWF DSTs, operation of a transfer pump in recirculation mode will not result in a tank
bump. If the pump is installed in the normal location in the supernatant, the additional heat may
eventually cause localized boiling of the supernatant, but will not heat the non-convective layer
and a bump cannot occur. If the pump is inadvertently installed in the non-convective layer of a
non-AWF DST, the additional heat may eventually cause localized steam bubble generation.
However, the supernatant will be well below saturation temperature (non-AWF DSTs typically
operate below 110 °F [RPP-5926]) and will quench the bubbles, thus preventing a tank bump.
Additionally, the pump will tend to mix the sludge and supernatant if operated under these
conditions, removing the conditions necessary for a tank bump to occur. Since the worst-case
outcome is tank waste boiling, this initiator is assigned to Risk Bin IIT when the pump is installed
in non-AWF DSTs.
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3.0 CONTROL SELECTION

The onsite toxicological consequences of the representative accident and associated hazardous
conditions were assigned to Risk Bin II. All other consequences were assigned to Risk Bin II1.
A control decision meeting on October 8, 2002, indicated the need for one safety-significant
SSC: the DST Primary Ventilation System. A supplemental control decision meeting on
December 19, 2002, indicated that the applicability of this control was limited to the 241-AY and
241-AZ tank farms. The safety function of this SSC is to maintain the waste supernatant
subcooled, thus reducing the frequency of a tank bump accident. If the supernatant is subcooled
by 10 °F, significant tank bumps are prevented (RPP-6213). A flow rate of 64 ft*/min is
necessary to maintain the waste supernatant in DST 241-AZ-101 (the bounding case) at 210 °F,
i.e., 10 °F subcooled.

If additional heat loads, such as transfer or mixer pumps, are installed in 241-AY or 241-AZ tank
farms, higher air flows will be required. The required flows are as follows (RPP-6213):

Total tank heat load Required air flow
(kW) (ft*/min)
100 112
175 217
250 337

A TSR limiting conditions for operation (LCO) ensures the operability of the DST Primary
Ventilation System for the 241-AY and 241-AZ tank farms (see Table 3.3.2.4.7-4) and specifies
a flow rate of 65 ft'/min. The LCO also specifies an average waste supernatant temperature limit
of 195 °F to allow adequate time to restore ventilation cooling following a loss of power, while
remaining 10 °F below saturation temperature to prevent a tank bump accident. The emergency
preparedness program was selected to verify that the DST Primary Ventilation System can
perform its safety function following significant, relevant natural events (e.g., seismic events,
high winds), thus decreasing the frequency of a tank bump accident.

The tank bump accident is not credible for DSTs outside the 241-AY and 241-AZ tank farms,
based on the heat load of the waste currently present in the tanks. To prevent a future waste
transfer from creating a tank capable of a tank bump, an administrative control for waste
transfers has been selected that requires the receiving tank of any waste transfer to be evaluated
against the three criteria described in Section 1.2.1 (heat load < 11.3 kW, sludge depth < 0.3 m
[1 ft], or supernatant depth < 1 m). If the receiving tank for the proposed transfer would fail all
three criteria, thus creating the potential for a bump, the transfer is prohibited.

Defense-in-depth features were identified for the tank bump accident and associated represented
hazardous conditions as described in RPP-14821, Technical Basis Document for Defense-in-
Depth Features. No additional safety SSCs or TSR-level controls were selected within the
defense-in-depth features identified for the tank bump accident and associated represented
hazardous conditions.
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