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1.0 INTRODUCTION

1.1  PURPOSE

This technical basis document was developed to support of the Tank Farms Documented Safety
Analysis (DSA) and describes the risk binning process for the flammable gas representative
accidents and associated represented hazardous conditions. The purpose of the risk binning
process is to determine the need for safety-significant structures, systems, and components (SSC)
and technical safety requirement (TSR)-level controls for a given representative accident or
represented hazardous condition based on an evaluation of the event 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 SSC 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 Documented Safety Analyses, as
described below.

1.2  BACKGROUND INFORMATION

1.2.1 Representative Accidents

There are two flammable gas representative accidents: (1) a deflagration in the headspace of a
double-shell tank (DST) due to a steady-state accumulation of flammable gas or a spontaneous
gas release event (GRE) (Candidate Accident 04}, and (2} a deflagration in the headspace of a
single-shell tank (SST) due to the steady-state accumulation of flammable gas (Candidate
Accident 05). For each accident, is it assumed that the flammable gas concentration exceeds the
lower flammability limit (LFL) of approximately 4% hydrogen and that an ignition source is
present. The resulting deflagration pressurizes the tank resulting in structural damage and an
uncontrolled, airborme release of tank waste.

1.2.2 Bounding Offsite Accident

A limited subset of tank farm accidents were selected for quantitative analysis and comparison to
the 25 rem radiological evaluation guideline set forth in DOE-STD-3009-94, Appendix A,
“Evaluation Guideline.” The accidents were selected as a function of their associated release
attributes. Release attributes include the energy of the release, the location of the release, and the
physical form of the material being released. Relative to these release attributes, flammable gas
accidents are high energy - atmospheric release - vapor/gas/aerosol events. A detonation (versus
a deflagration) in an SST has been selected as the bounding event for this release attribute
combination. RPP-13470, Offsite Radiological Consequence Analysis for the Bounding
Flammable Gas Accident, quantifies the consequences of a detonation in an SST. The offsite
radiological consequence, calculated using reasonably conservative input parameters, does not
challenge the 25 rem Evaluation Guideline. Therefore, safety-class equipment is not required.

1-1
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DOE-STD-3009-94 does not provide evaluation guidelines for offsite toxicological or onsite
radiological and toxicological consequences. These consequences were evaluated for the
flammable gas representative accidents and associated hazardous conditions in accordance with
the risk binning process described in Section 1.3.

1.2.3

Associated Hazardous Conditions

There are numerous other hazardous conditions assoctated with the DST flammable gas
representative accident. In general, these hazardous conditions address various DST deflagration
scenarios (e.g., different flammable gas sources, different ignition sources). Hazardous
conditions uniquely different from the representative accident include:

e 8 & & »

DST headspace deflagration due to an induced GRE
DST headspace detonation

Deflagration in a DST annulus

DST subsurface deflagration

Deflagration in DST waste-intruding equipment
Deflagration in a DST riser

DST gasoline fuel deflagration

Deflagration in a flexible receiver bag

Ignition of a pocket of flammable gas

Deflagration in a waste transfer line.

There are numerous other hazardous conditions associated with the SST flammable gas
representative accident. As was the case with DSTs, these hazardous conditions, in general,
address various SST deflagration scenarios. Hazardous conditions uniquely different from the
representative accident include:

SST headspace deflagration due to an induced GRE

SST headspace detonation due to steady-state accumulation of flammable gas or a GRE
SST headspace deflagration in one SST that propagates to a second SST

Deflagration in an SST riser

Ignition of a pocket of flammable gas

Deflagration in an SST during rotary mode core sampling (RMCS)

Deflagration in a double-contained receiver tank (DCRT)

Deflagration in an active catch tank

Deflagration in an inactive tank

1-2
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o Deflagration in a Replacement Cross-Site Transfer System (RCSTS) diversion box or
vent station

e SST gasoline fuel deflagration

o SST retrieval/closure aboveground tanks.

1.3  RISK BINNING METHODOLOGY

Direction on risk binning was provided by the U.S. Department of Energy, Office of River
Protection (ORP) (Klein and Schepens, 2003, “Replacement of Previous Guidance Provided by
RL and ORP”). Risk binning begins with a qualitative evaluation of the frequency and
consequences of the representative accident. Frequency is qualitatively estimated as
“anticipated,” “unlikely,” “extremely unlikely,” or “beyond extremely unlikely.” Consequences
are evaluated for the following receptors and exposures: offsite toxicological, onsite radiological,
and onsite toxicological. These consequences are assigned to one of three levels: high,
moderate, or low. Based on the frequency and consequence, risk bins (ranging from I to IV) are
assigned. Tables 1-1 and 1-2 show the criteria for assigning the frequency and consequence
levels, 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.

In accordance with the control selection guidelines in Klein and Schepens (2003), Risk Bin I
events require safety-significant SSCs or TSRs, and Risk Bin II events must consider safety-
significant SSCs and TSRs. Risk Bin III events are generally protected by the safety
management programs (SMP), and Risk Bin IV events do not require additional measures.

Initial DSA development was largely completed before Klein and Schepens (2003) was issued
and more conservative control selection guidelines were used. During the initial DSA
development, safety SSCs or TSRs were required for accidents or hazardous conditions that were
assigned to risk bins I or II, and were considered for accidents or hazardous conditions that were
assigned to Risk Bin III. For accidents or hazardous conditions assigned to Risk Bin IV, safety
SSCs and TSRs were not expected. SMPs were acceptable for addressing the residual risk posed
by Risk Bin IV conditions.

1-3
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Table 1-1. Offsite {Toxicological Only) Risk Bins.

Event frequency
-6
Consequence level <107 yr 10° to 10°/yr B 4 4 B
(toxicological only®) Beyond Extremely 10 to.10 Iyr >10 t.o'slo fyr
extremely unlikely Unlikely Anticipated
unlikely
>ERPG-2 / TEEL-2
(High) 11 It I I
>ERPG-1/TEEL-1
<ERPG-2 / TEEL-2 v II1 II I
{Moderate)
< ERPG-1/TEEL-1
(Low) v v 1 11
Notes:

* Radiological consequences for the offsite receptor are evaluated in accordance with DOE-STD-3009-94, 2002,
Preparation Guide for U.S. Department of Energy Nonreactor Nuclear Facility Documented Safety Analyses,
Change Notice No. 2, Appendix A, U.S. Department of Energy, Washington D.C.

ERPG = emergency response planning guideline,
TEEL Temporary Emergency Exposure Limit.

1

Table 1-2. Onsite (100 m) Risk Bins.

Event frequency
Consequence level 0 107 10107
(radiological/ =10 yr to yr 107 to 107yr >107 to <10 fyr
toxicological) Beyond extremely Extremely . Ay
g unlikely unlikely Unlikely Anticipated

>100 rem
>ERPG-3/ TEEL-3 m 1 I I
(High) |
25 to 100 rtem
>ERPG-2 / TEEL-2
<FRPG-3/ TEEL-3 v = u !
(Moderate)
<25 rem
<ERPG-2 / TEEL-2 v v 1 11
(Low)
Notes: ‘

ERPG = emergency response planning guideline.
TEEL = Temporary Emergency Exposure Limit.
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Environmental consequences are also assigned during the risk binning process. There are four
levels of environmental consequences (EO, E1, E2, and E3, in order of increasing severity) and
these levels are defined in Table 1-3.

Table 1-3. Environmental Consequence Levels.

Category Definition
E3 Offsite discharge or discharge to groundwater
E2 Significant discharge onsite
El Localized discharge
EO No significant environmental consequence
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2.0 RISK BINNING RESULTS WITHOUT CONTROLS

During the initial DSA development, risk binning team meetings were conducted on July 8 and
9, 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 meetings, the risk binning results were distributed to the Technical Working Group (TWG)
for review and concurrence. Subsequent risk binning meetings have been conducted to support
amendments to the DSA. The risk binning results are summarized in Tables 2-1 and 2-2.

Table 2-1. Summary of Double-Shell Tank Flammable Gas
Risk Binning Results Without Controls.

Consequences Risk bin
i| 8| E| . 8! E| E
Postulated accident S| 2R 20| 2 % By 2%
Frequency | 23 1 &3 | 25| 85| €5 | €5
o | 2| oe!lcg| &0
8 s g s g g
= - - b = =
Representative Accident 04: Headspace
deflagration duc to steady-state accumulation of 8) L L M 11 III 11
flarnmable gas or a spontaneous GRE
Headspace deflagration due to an induced GRE A L L M I I I
Headspace detonation EU L L M v v 11
Annulus deflagration u L L M III 11 II
Subsurface deflagration BEU L L L I\% v v
Deflagration in waste-intruding equipment A L L L I I il
Deflagration in a riser U L L L 11 i} T1E
Gasoline fuel deflagration U L L M I I 11
Deflagration in flexible receiver bag EU L L L v v v
[gnition of a pocket of flammable gas EU L L L jAY v v
Deflagration in a waste transfer line U L L L It i 1t

Notes:
A = anticipated.
BEU = beyond extremely unlikely.
EU = extremely unlikely.
GRE = pgasrelease event.
L = low.
M = moderate.
U = unlikely.
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Table 2-2. Summary of Single-Shell Tank Flammable Gas
Risk Binning Results Without Controls.

Consequences Risk bin
w " w Kl EC "
0| e | o2 481 a2 L2
Postulated accident 2| 52 28|22 2| £y
Frequency | 25 | 235 ES | 25| €S| 2%
O | o2 ||| 202
E1CE| Bl B|TE|E
et b b Nt
Representative Accident 05: Headspace
deflagration due to steady-state accumulation of U M L M ¢4 LAA I
flammable gas
Headspace deflagration due to an induced GRE A M L M I i1 I
Headspace detonation BEU M L M IV v v
Headspace deflagration in one SST that EU M L M o v m
propagates to a second SST
Deflagration in a riser BEU L L L v v v
Ignition of a pocket of flammable gas EU L L L v v v
Deflagration during rotary mode core sampling U M L M I Il II
Deflagration in a double-contained receiver tank U M L M i | 11 I
Deflagration in an active catch tank U M L M II 1 II
Deflagration in an inactive tank A* M L M I* Ik I*
Deflagration in a diversion box/vent station U M L M II HI 1II
(Gasoline fuel deflagration U M L M 1 1IX 1
Deflagration in SST retrieval/closure
aboveground tanks A M L M I 11 I
Notes:

*The frequency and risk bin are dependent on the inactive tank. Anticipated is the highest frequency and the highest

risk bin is I without controtls.

A = anticipated,

BEU = beyond extremely unlikely.
EU = extremely unlikely.

GRE = gas release event.

L = low.

M = moderate.

S8T = single-shell tank.

U = unlikely.
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2.1 DOUBLE-SHELL TANKS

2.1.1 Representative Accident

The representative accident for DSTs is a headspace deflagration due to a steady-state
accumulation of flammable gas or a spontaneous GRE.

2.1.1.1 Scenario

A deflagration in the headspace of a DST can occur if the flammable gas concentration is greater
than or equal to the LFL and an ignition source is present. Elevated flammable gas
concentrations can result from either the steady-state generation and accumulation of flammable
gas or a spontaneous GRE (induced GREs are addressed as a represented hazardous condition in
Section 2.1.2.1). RPP-5926, Steady-State Flammable Gas Release Rate Calculation and Lower
Flammability Level Evaluation for Hanford Tank Waste, calculates the steady-state flammable
gas concentration in DSTs. As shown in RPP-5926, under barometric breathing conditions, in
which the only movement of air into or out of the tank is due o variations in atmospheric
pressure, flammable gas concentrations in excess of the LFL can be reached in some DSTs for
existing tank conditions. RPP-5926 also evaluates flammable gas concentrations under a
hypothetical zero ventilation condition. Under such a condition, the time to reach the LFL is
decreased.

A spontaneous GRE can also result in flammable gas concentrations in excess of the LFL. As
documented in RPP-10006, Methodology and Calculations for the Assignment of Waste Groups
for the Large Underground Waste Storage Tanks at the Hanford Site, there are (for existing tank
conditions) DSTs that contain sufficient retained gas that, if al} of it were released in a
spontaneous GRE, the headspace concentration would exceed 100% of the LFL.

Gtven a flammable gas concentration in excess of the LFL, a deflagration can occur if an ignition
source is present. Studies of the requirements for ignition of hydrogen have defined the
minimum ignition energy (i.e., the energy below which the ignition of a combustible mixture
cannot occur and above which ignition occurs). As discussed in PNNL-13269, Overview of the
Flammability of Gases Generated in Hanford Waste Tanks, the minimum ignition energy for
hydrogen is on the order of 0.01 mJ. Experiments were conducted at the California Institute of
Technology to evaluate the effect of various ignition energies on the LFL of three gas mixtures
with compositions relevant to Hanford tank waste gases containing hydrogen, ammonia, nitrous
oxide, methane, and nitrogen. The research found that none of the three mixtures showed any
pronounced dependence on the LFL for ignition energies between 0.04 and 8 J.

Potential ignition sources for deflagrations in the headspace of DSTs include installed
equipment, activities conducted within a DST or its associated process pits, and natural
phenomena (i.e., lightning, earthquake). An ignition source is assumed to be present and ignite
the flammable gas in the tank headspace resulting in a deflagration.

For a deflagration where the gas concentration in the entire tank headspace is above the LFL, the

resultant pressure will be nearly uniform and bounded by the adiabatic isochoric {(constant
volume) complete combustion (AICC) pressure. Under lean combustion conditions, developed
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pressures will be less than the AICC pressure because of incomplete combustion. Combustion
pressures are well below AICC until fuel concentrations are well above the LFL. AICC
pressures are approached when the mixtures are above the limit for downward propagation
(i.e., 8% hydrogen). Once concentrations exceed the lower limit for downward propagation,
combustlon pressures exceed about 59 Ib/in® gauge.

A panel of experts was convened to evaluate the structural response of DSTs to pressurization
loads. As documented in WHC-SD-TWR-RPT-003, DELPHI Expert Panel Evaluation of
Hanford High Level Waste Tank Failure Modes and Release Quantities, at internal pressures in
the range of 55 to 60 Ib/in gauge, the steel liner of the primary tank will fail along a transition
weld located at a 6-ft radius from the dome center. The energy of the high-pressure air at failure
is such that it is postulated that part of the concrete and soil overburden above the center 6-t
radius of the primary tank will blow out. At pressures below 55 1o 60 Ib/in® gauge, the steel liner
of the primary tank would not fail, and the pressure would be vented via the primary tank
ventilation system and through process pits via connecting risers or drain lines.

2.1.1.2 Frequency Determination

The frequency of a headspace deflagration in a DST due to a steady-state accumulation of
flammable gas or a spontancous GRE was qualitatively determined by the risk binning team to
be “unlikely.” In making this determination, consideration was given to: (1) the likelihood of
reaching the LFL and having an ignition source, (2) the 35-yr operating history of the DST tank
farms during which time no deflagrations are known to have occurred, and (3) flammable gas
monitoring data. '

Calculations in RPP-5926 and RPP-10006 demonstrate that, in the absence of controls, reaching
the LFL in the headspace of a DST is a credible event. The risk binning team discussed the
bases and assumptions for these calculations and judged them to be conservative. Relative to
RPP-5926, the team judged it was conservative to assume barometric breathing. This judgment
was based on the fact that it is often difficult to maintain tank vacuum because of the numerous
flow paths that exist. Relative to RPP-10006, the team judged it was conservative to assume that
100% of the retained gas would be released in a spontaneous GRE.

In the case of steady-state generation and accumulation, if the flammable gas concentration
reaches the LFL, it will remain there indefinitely. In the case of a spontaneous GRE, the
flammable gas concentration will remain above the LFL for a period of time dictated by the tank
ventilation rate. In both cases, an ignition source is assumed to be present. The risk binning
team discussed the validity of this assumption with some stating the opinion that it is overly
conservative to assume an ignition source. It was discussed that this was a standard industry
assumption supported by the fact that in a relatively large percentage of flammable gas
deflagrations that have occurred in industry, no specific ignition source could be identified.

The appropriateness of considering operational history when evaluating the frequency of a
scenario “without controls” was discussed. It was recognized by the risk binning team that
during the 50-yr history of the tank farms, controls of some type (e.g., active or passive
ventilation) were normally in place. Despite this fact, it was the team’s judgment that the
operational history suggested that a flammable gas deflagration was not an anticipated event.
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Monitoring of DST headspaces has shown that flammable gas concentrations due to steady-state
generation and accumulation are typically well below 25% of the LFL. As was the case with the
operational history, it was recognized by the risk binning team that this data reflects some level
of control. Relative to spontaneous GREs, with the exception of DST 241-SY-101 that has since
been remediated, spontaneous GREs in DSTs have not resulted in flammable gas concentrations
that exceed the LFL. The maximum observed spontaneous GRE occurred in DST 241-AN-105
in 1995 and resulted in a concentration of 47% of the LFL (RPP-7771, Flammable Gas Safety
Issue Resolution).

2.1.1.3 Consequence Determination

To support the qualitative assessment of consequences, a series of calculations was performed.
The calculations, documented in Appendix B, were performed consistent with the methodologies
documented in RPP-13482, Atmospheric Dispersion Coefficients and Radiological/Toxicological
Exposure Methodology for Use in Tank Farms. Table 2-3 identifies the analytical assumptions
and input parameters used in the Appendix B calculations, evaluates the sensitivity of the results
to the assumption/input parameter, and determines the need to protect the assumption/input
parameter.
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The radiological and toxicological consequences are a function of the quantity of tank waste
suspended by a deflagration, which in turn is a function of the tank failure mode. Table 2-4
summarizes the estimated quantities of respirable material released assuming no tank damage,
dome failure, and dome collapse. The bases for the values shown in Table 2-4 are provided in
Appendix B.

Table 2-4. Respirable Releases as Function of
Double-Shell Tank Failure Scenario.

. . Respirable release (L)
DST failure scenario DST supernatant

No tank damage-1 6.39
No tank damage-2 , 0.3
Dome failure — 1 0.7
Dome failure — 2 0.7
Dome collapse 43
Notes:

DST = double-shell tank.

L = liter.

Table 2-5 presents the onsite radiological consequences calculated in Appendix B for the
respirable releases shown in Table 2-4. Two calculations were performed applying two different
modeling approaches. In the first calculation, the respirable release from the tank is modeled as
a ground level, point source release. This is analogous to assuming the release occurs from a
single riser, at ground level, at ambient temperature, and with no momentum. The resultant
onsite atmospheric dispersion coefficient is 3.28 x 107 s/m’ (RPP-13482). Given a deflagration,
however, the tank will pressurize and the respirable material will be ejected as the tank
depressurizes. If the pressure is sufficiently low that the tank does not fail, the release will occur
via multiple pathways (i.e., from numerous risers and drains into associated process pits and via
ventilation system inlets and outlets). If the pressure is high enough to fail the tank, the release
will occur primarily at the point of failure. In either case, the result is a pressurized release. To
account for a pressurized release, it is assumed that the respirable material is dispersed into a
cloud above the tank. The cloud is assumed to be a right cylinder with a diameter equal to the
diameter of the tank (i.e., 75 ft). The height of the cloud is varied as a function of the tank
pressure (1.e., the volume of the cylinder is equal to the volume of gas that must be released from
the tank for the post-combustion headspace pressure to fall back to the original level). This
volume source term is then dispersed downwind. The resultant onsite atmospheric dispersion
coefficients range from 7.35 x 10> s/m> at a tank pressure of 15 Ib/in® gauge to 2.97 x 107 s/m®
at a tank pressure of 60 Ib/in” gauge (RPP-13482). The calculations in Appendix B assume that
the material released is DST supematant. Supernatant unit-liter doses (ULD) range in value
from 20 Sv/L to 1.0 x 10° Sv/L (RPP-5924, Radiological Source Terms for Tank Farms Safety
Analysis). The radiological consequences were calculated based on the bounding supernatant
ULD of 1.0 x 10° Sv/L.

2-10




RPP-13510 REV 3

Table 2-5. Onsite Radiological Consequences of a
Double-Shell Tank Headspace Deflagration.

Dose (rem)
DST failure scenario Ground
level/point Volume release

source
No tank damage-1 0.4 0.1°
No tank damage-2 0.3 0.07*
Dome faiiure-1 0.8 0.09°
Dome failure-2 0.8 0.09°
Dome collapse 4.7 0.5°

Notes:

*Assumes 15 Ib/in? gauge tank pressure.
®Assumes 45 Ib/in? gauge tank pressure.

DST = double-shell tank.

Table 2-6 presents the onsite toxicological consequences calculated in Appendix B for the
respirable releases shown in Table 2-4. Identical to the onsite radiological calculations, two
calculations were performed; one assuming a ground level, point source release; and one
assuming a volume release. The calculations in Appendix B assume the material released is DST
supernatant. Liquids sum of fractions (SOF) Temporary Emergency Exposure Limit (TEEL)
values typically range by a factor of 10 from the tank with the lowest value to the tank with the
highest value, e.g., the lowest TEEL-2 is 2.84 x 10" and the highest TEEL-2 is 3.46 x 10°
(RPP-8369, Chemical Source Terms for Tank Farm Safety Analyses). The onsite and offsite
toxicological consequences were calculated using the bounding DST liquids TEEL-1, TEEL-2,

and TEEL-3 SOF values.
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Table 2-6. Onsite Toxicological Consequences of
a Double-Shell Tank Headspace Deflagration.

Sum of fractions
DST failure
scenario Gr?und level/ Volume release

Point source
No tank damage-1 74 (TEEL-2) 17 (TEEL-2)
2.7 (TEEL-3) 0.6 (TEEL-3)
No tank damage-2 57 (TEEL-2) 13 {TEEL-2)
2.1 (TEEL-3) 0.5 (TEEL-3)
Dome failure-1 130 (TEEL-2) 15(TEEL-2)
4.9 (TEEL-3) 0.6 (TEEL-3)
Dome failure-2 130 (TEEL-2) 15 (TEEL-2)
4.9 (TEEL-3) 0.6 (TEEL-3)
Dome collapse 810 (TEEL-2) 92 (TEEL-2)
30 (TEEL-3) 3.4 (TEEL-3)

Notes:
DST = double-shell tank.
TEEL = Temperary Emergency Exposure Limit.

Table 2-7 presents the offsite toxicological consequences calculated in Appendix B for the
respirable releases shown in Table 2-4. The consequences were calculated assuming a puff
release at ground level from a point source. Calculations were not performed for a volume
release, as the associated atmospheric dispersion coefficients are essentially the same as the
ground level, point source, puff release (e.g., 4.9 x 10 1/m’ versus 5.06 x 10® 1/m’),

Table 2-7. Offsite Toxicological Consequences of a
Double-Shell Tank Headspace Deflagration.

DST failure scenario
No tank damage-1
No tank damage-2

Sum of fractions
0.05 (TEEL-1)
0.04 (TEEL-1)

Dome failure-1 0.1 (TEEL-1)
Dome failure-2 0.1 (TEEL-1)
Dome collapse 0.6 (TEEL-1)
Notes:

DST =  double-shell tank.

TEEL =  Temporary Emergency Exposure Limit.

2.1.1.3.1 Assignment of Consequence Levels for the Onsite and Offsite Receptors
The risk binning team discussed the two modeling approaches (i.e., volume release versus

ground-level, point source release) and reached consensus that the qualitative determination of
onsite consequences should consider the volume release values. The ground-level, point source
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approach was judged to be overly conservative in that it does not account for the pressures
associated with a deflagration.

The onsite radiological consequence of a headspace deflagration in a DST was qualitatively
determined by the risk binning team to be “low.” A “low” consequence was assigned because
the doses shown in Table 2-5 for a volume release are less than 25 rem.

The onsite toxicological consequence of a headspace deflagration in a DST was qualitatively
determined by the risk binning team to be “moderate.” A “moderate” consequence was assigned
because: (1) the volume release TEEL-2 values are greater than 1, and (2) the volume release
TEEL-3 values are less than 1, with the exception of the dome collapse scenario. The risk
binning team discussed if a “high” consequence should be assigned, since a TEEL-3 SOF of 3.4
was calculated for the dome collapse. The team concluded that it should not. It was the team’s
opinion that the expert elicitation process used for the dome failure-2 scenario provided a more
robust approach to estimating the release, as the 0.7 L value represented the aggregate best
estimate of nine subject matter experts. In addition, the team discussed that some agglomeration
and deposition would occur during the downwind transport of the plume, which would reduce
consequences to below the calculated values. Further, although the volumetric x/Q accounts for
a pressurized release, it does not address temperature or momentum effects associated with a
deflagration. These would increase dispersion, thereby further reducing consequences to below
the calculated values. In addition, as discussed in Appendix B, the dome collapse scenario
assumes complete collapse of the dome which, based on the structural evaluations in
WHC-SD-TWR-RPT-003, is not the expected tank failure mode. Lastly, the TEEL SOF values
reported in RPP-8369 were conservatively derived and are based on a 1-hr exposure duration.
For a hypothetical onsite worker at a distance of 100 m, plume passage will be less than 1 hr.

The offsite toxicological consequence of a headspace deflagration in a DST was qualitatively
determined by the risk binning team to be “low.” A “low” consequence was assigned because
the TEEL-1 SOF values are less than 1 for all DST failure scenarios.

2.1.1.3.2 Assignment of Environmental Consequences

The risk binning team qualitatively assigned an environmental consequence of “E2,” meaning
there 1s the potential for a significant discharge of tank waste onsite. This consequence was
assigned due to the potential release and subsequent dispersion of approximately 0.7 L of tank
waste (associated with the partial dome failure-2 scenario).

2.1.1.3.3 Assignment of Risk Bins
Table 2-8 presents the risk bins for the DST representative accident. The risk bins are based on

the methodology presented in Section 1.3 and the risk binning team’s qualitative determination
of frequency and consequence.
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Table 2-8. Risk Bins for a Double-Shell Tank Headspace Deflagration
Due to a Steady-State Accumulation of Flammable Gas or a
Spontaneous Gas Release Event.

Receptor Frequency Consequence Risk bin
Onsite radiological Low I
Onsite toxicological Unlikely Moderate il
Offsite toxicological Low 11

2.1.2 Associated Hazardous Conditions

As stated in Section 1.2.3, there are numerous other hazardous conditions associated with the
DST flammable gas representative accident. In general, these hazardous conditions address
various DST deflagration scenarios (e.g., different flammable gas sources, different ignition
sources). Ten hazardous conditions were identified as being sufficiently different from the
representative accident to warrant further review.

2.1.2.1 Double-Shell Tank Headspace Deflagration Due to an Induced Gas Release Event

Operations and activities that disturb tank waste can induce the release of retained gas.
Examples include mixer pump operation, air-lift circulator operation, and decanting activities.
The risk binning team discussed the impact of such operations and activities on the frequency of
a deflagration without controls. The team qualitatively concluded that the frequency of a
headspace deflagration in a DST due to an induced GRE was “anticipated.”

The manner in which the headspace reaches the LFL (i.c., steady-state, spontaneous or induced
GRE) does not impact the consequences. Therefore, the consequence levels assigned in
Sections 2.1.1.3.1 and 2.1.1.3.2 are applicable. Table 2-9 presents the resultant risk bins.

Table 2-9. Rusk Bins for a Double-Shell Tank Headspace Deflagration
Due to an Induced Gas Release Event.

Receptor Frequency Consequence Risk bin
Onsite radiological Low I1
Onsite toxicological Anticipated Moderate I
Offsite toxicological Low {1

2.1.2.2 Double-Shell Tank Headspace Detonation Due to a Steady-State Accumulation of
Flammable Gas or a Gas Release Event

Under special conditions, a detonation versus a deflagration can occur. The difference between a
detonation and deflagration is the speed of the flame front. For detonations, the flame front
moves at supersonic speeds. These higher flame speeds can result in a greater suspension of tank
waste. If a detonation occurs, it is estimated that 5 L of respirable material would be released.
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The 5 L value approximates the aggregate best-estimate value of nine subject matter experts
(HNF-2577, Flammable Gas Project Expert Elicitation Results for Hanford Site Double-Shell
Tanks).

A direct detonation requires a higher flammable gas concentration than a deflagration (i.e., a
hydrogen concentration from 8% to 11% [or higher] versus 4%). A deflagration-to-detonation
transition (DDT) requires even higher flammable gas concentrations as well as special geometry,
confinement, or configuration conditions that serve to accelerate the deflagration to a detonation.
The headspace of a DST is not conducive to DDTs, as it represents an unconfined geometry.
However, the primary tank ventilation system piping represents a confined geometry where
flame acceleration could occur.

Detonable and DDT limits can conceivably be reached in some DSTs due to either steady-state
accumulation or a spontaneous or induced GRE. For example, calculations in RPP-5926 show
that some DSTs can reach a steady-state hydrogen concentration of > 8% of the LFL under
barometric breathing conditions. If the detonable or DDT limits are reached, an ignition source
must be present. The direct ignition of a detonation requires an ignition source of high energy,
high power, or large size (i.e., 4.6 kJ, roughly equivalent to 1 g of high explosive
[PNNL-13269]).

The frequency of a headspace detonation in a DST that results in a 5 L respirable release was
qualitatively determined by the risk binning team to be “extremely unlikely.” In making this
determination, consideration was given to: (1) the likelihood of reaching detonable limits and not
having an ignition source prior to reaching detonable limits that initiates a deflagration, (2) the
strong ignition source requirement for the direct initiation of a detonation, and (3) the special
geometry conditions required for a DDT.

Table 2-10 presents the onsite radiological consequences calculated in Appendix B fora 5 L
respirable release. Two calculations were performed: one assuming a ground level, point source
release; and one assuming a volume release, as described in Section 2.1.1.3.

Table 2-10. Onsite Radiological Consequences of a
Double-Shell Tank Headspace Detonation.

Dose (rem)
Respirable Ground
release level/point Volume release®
source
5L 5.5 0.6

Note:
*Assumes 45 Ib/in® gauge tank pressure.

Table 2-11 presents the onsite toxicological consequences calculated in Attachment B fora 5 L
respirable release. Identical to the onsite radiological calculations, two calculations were

performed; one assuming a ground level, point source release; and one assuming a volume
release.
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Table 2-11. Onsite Toxicological Consequences of a
Double-Shell Tank Headspace Detonation.

Sum of fractions
Respirable -
release Ground level/point Volume release®
source
5L 950 (TEEL-2) 110 (TEEL-2)
35 (TEEL-3) 3.9 (TEEL-3)
Notes:

2pssumes 45 Ibfin® tank pressure.

TEEL =  Temporary Emergency Exposure Limit.

Table 2-12 presents the offsite toxicological consequences calculated in Appendix B foraSL
respirable release. The consequences were calculated assuming a puff release at ground level
from a point source release.

Table 2-12. Offsite Toxicological Consequences of a
Double-Shell Tank Headspace Detonation.

Respirable Sum of fractions
release
5L 0.7 (TEEL-1)
Note:
TEEL = Temporary Emergency Exposure Limit.

Consistent with Section 2.1.1.3.1, the risk binning team reached consensus that the qualitative
determination of onsite consequences should consider the volume release values. The onsite
radiological consequence of a headspace detonation in a DST was qualitatively determined by
the nisk binning team to be “low.” A “low” consequence was assigned because the dose shown
in Table 2-10 for a volume release is less than 25 rem.

The onsite toxicological consequence of a headspace detonation in a DST was qualitatively
determined by the risk binning team to be “moderate.” The risk binning team discussed if a
*“high” consequence should be assigned, since a TEEL-3 SOF of 3.9 was calculated. The team
concluded that it should not. In making this determination, the team considered that the TEEL-3
value was calculated using the bounding SOF value for DST supematant and did not consider
agglomeration and deposition during the downwind transport plume. Further, although the
volumetric x'Q accounts for a pressurized release, it does not address temperature or momentum
effects associated with a deflagration. These effects would increase dispersion thereby further
reducing consequences to below the calculated values.

The offsite toxicological consequence of a headspace detonation in a DST was qualitatively
determined by the risk binning team to be “low” based on a calculated TEEL-1 SOF value of 0.7.

2-16




RPP-13510REV 3

Table 2-13 presents the risk bins for a headspace detonation in a DST. The risk bins are based
on the methodology presented in Section 1.3 and risk binning team's qualitative determination of
frequency and consequence.

Table 2-13. Risk Bins for a Double-Shell Tank Headspace Detonation.

Respirable Receptor Frequency Consequence Risk bin
release
Omnsite radiological Low v
. . . Extremely
5L Onsite toxicological unlikely Moderate 111
Offsite toxicological Low v

2.1.2.3 Deflagration in a Double-Shell Tank Annulus

Double-shell tanks are constructed with a primary and secondary tank. The secondary tank is
approximately 5 ft larger in diameter than the primary tank, which forms a 2.5-ft annular space
between the two tanks. Under normal operating conditions, the annular space contains no waste.
Concetvably, waste could enter a DST annulus in two ways: (1) a leak from the primary tank, or
(2) a mistransfer into the annulus.

RPP-8050, Lower Flammability Limit Calculation for Catch Tanks, IMUST, DST Annuli, Pit
Structures and Double-Contained Receiver Tanks in Tank Farms at the Hanford Site, estimates
the steady-state flammability level in the annular space of DSTs under barometric breathing
conditions for varying waste types and quantities. The waste quantity was varied in 10%
increments of the annulus volume up to 86% (i.e., the value at which the liquid level in the
primary tank and annulus would equilibrate if a primary tank leaked and that tank was initially
full). Two waste types were analyzed. In the first case, the waste characteristics are taken to be
identical to the liquid fraction of the waste present in the DST (raw liquid waste). In the second
case, it is assumed that liquid and solid wastes are present in the same ratios and with the same
charactenistics as the DST (raw waste). The waste with the highest hydrogen generation rate s
DST 241-AY-102 raw waste and, to reach 100% of the LFL under barometric breathing
conditions, the annular space must be > 20% full. This equates to a waste volume of

> 30,000 gal. For the raw liquid waste with the highest hydrogen generation rate (DST
241-AZ-102), the annular space must be > 50% full (> 80,000 gal) to reach 100% of the LFL.

RPP-8050 also calculates the times to LFL under zero ventilation conditions for small waste
leaks. These calculations demonstrate that the times to LFL for small leaks (i.e., 8,000 gal) are
very long (i.e., >4 yr for DST 241-AY-102 raw waste). Leaks on the order of 8,000 gal are
detectable by momitoring the tank waste level. Theoretically, a very small leak that could not be
detected by waste level monitoring, would, under zero ventilation conditions, eventually reach
100% of the LFL. The risk of such an event is judged to be acceptable given the long time
duration to the LFL and given redundant leak detection capabilities (e.g., leak detectors located
in the annulus, annulus continuous air monitors) provided for compliance with environmental
requirements. Normal operation of the annulus ventilation system also prevents a flammable gas
accident from a small, undetected leak into the annulus.
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The frequency of a primary tank failure due to corrosion resuiting in a leak of 80,000 gal to the
annulus has been evaluated (Shuford, 2002, “Hydrogen Deflagration Double-Shell Tank/Aging
Waste Facility PISA USQD”). Based on the estimated rate of through-wall pit corrosion and the
likelihood that through-wall pits would self-plug prior to leaking 80,000 gal, the evaluation
concluded the frequency to be *“unlikely” for the population of 28 DSTs, in the next 3 to 5 yr.
The “unlikely” frequency is judged to be applicable beyond the 3 to 5 yr specified in

Shuford (2002) based on the ongoing tank integrity program which monitors the structural

_integrity.

The frequency of a mistransfer resulting in the presence of waste in a DST annulus 1s also
“unlikely.” Mistransfers, in general, are “anticipated” events. However, for waste to reach the
annulus a specific mistransfer must occur, 1.e., the transfer route must pass through the central
pump pit of a DST and a piping configuration error within the pit must occur such that the
transfer is routed to the annulus pump-out pit. This specific mistransfer is judged to be
“unlikely.”

Given the presence of a large quantity of waste in the annulus, a deflagration will occur if an
ignition source is present. Assuming that an ignition source would be present, the risk binning
team concluded that “unlikely” was a conservative yet appropriate frequency to assign to a
deflagration in a DST annulus.

It is assumed that a deflagration in the annulus of a DST would result in a respirable release
similar to that for a primary tank headspace deflagration. The probable failure mode is between
the annulus and the primary tank, such that the primary tank becomes pressurized. The rapid
blowdown of the annulus into the primary tank would entrain waste material. The venting of the
headspace through tank openings and cracks in the dome would release the entrained waste to
the atmosphere. The consequence levels are, therefore, the same as presented in

Sections 2.1.1.3.1 and 2.1.1.3.2. The resultant risk bins are presented in Table 2-14.

Table 2-14. Risk Bins for a Deflagration in a Double-Shell Tank Annulus.

Receptor Frequency Consequence Risk bin
Onsite radiological Low I
Omnsite toxicological Unlikely Moderate II
Offsite toxicological Low HI

2.1.2.4 Double-Shell Tank Subsurface Deflagration
Retained gas is present in Hanford Site waste in several different forms:
» Small bubbles of bubble/solid aggregates in the liquid in convective layers

o Particle-displacing bubbles that may be isolated or connected in networks of limited
extent
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» Pore-filling bubbles in networks of limited extent

o Pores at the top of dry waste that are primarily air-filled but that diffuse gas generated in
the lower, wetter waste.

PNNL-13269 evaluates the flammability of these retained gases. It concludes that deflagrations
are unlikely to propagate within Hanford Site wastes because retained gas does not appear to
take the form of millimeter-diameter pores interconnected in a large network. Creating an
ignition source is also problematic. However, small-scale deflagrations involving fracture
bubbles of several centimeters or bubble networks up to 1 m extent cannot be ruled out.

Based on PNNL-13269, the risk binning team concluded that a subsurface deflagration that
presented a potential hazard to facility workers, onsite workers, or the offsite receptor was a
“beyond extremely unlikely” event. Further, the risk binning team concluded that, evenif a
deflagration propagated in a bubble network greater than 1 m extent, the consequences would be
low as there would not be structural damage to the tank and the quantity of waste disturbed
would be small. The resultant risk bins are presented in Table 2-15.

Table 2-15. Risk Bins for a Double-Shell Tank Subsurface Deflagration.

Receptor Frequency Consequence Risk bin
Onsite radiological Beyond Low v
Onsite toxicological extremely Low v
Offsite toxicological unlikely Low v

2.1.2.5 Deflagration in Double-Shell Tank Waste-Intruding Equipment

In September 1995, an Occurrence Report (as summarized in RPP-13121, Historical Summary
of Occurrences for the Tank Farms Final Safety Analysis Report) was issued because the
flammable gas concentration inside a push-mode core sampling drill string was in excess of the
LFL. Another incident occurred one month later. In both incidents, the cause was attributed to
encountering gas pockets in the waste, which in turn caused flammable gases to enter and
accumulate in the drill string in concentrations that were in excess of the LFL. Flammable gas is
known to have accumulated in drill strings in several other tanks. Flammable gas has also
accumulated inside waste-intruding equipment due to steady-state generation {HNF-5985, Tank
241-ER-311 Flammable Gas Response and Findings). Given this operational history, the risk
binning team concluded that the frequency of a deflagration in waste-intruding equipment is
“anticipated” in the absence of controls,

The consequence of a deflagration in waste-intruding equipment was qualitatively evaluated by
the risk binning team. The team concluded that there would be no damage to the DST. In
addition, the amount of waste available for dispersion would be small. Based on these
considerations, the risk bin team concluded that the onsite radiological and onsite and offsite
toxicological consequences would be “low.” The resultant risk bins are shown in Table 2-16.
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Table 2-16. Risk Bins for a Deflagration in Double-Shell Tank Waste-

Intruding Equipment.
Receptor Frequency Consequence Risk bin
Onsite radiological Low I
Onsite toxicological Anticipated Low 1L
Offsite toxicological Low 11

2.1.2.6 Deflagration in a Double-Shell Tank Riser

Risers extend from the headspace of DSTs into process pits. Therefore, the concentration of
flammable gas in a riser approximates the concentration in the headspace under steady-state
conditions. In the event of a large GRE, it is conceivable that momentum effects could result in
a flammable gas concentration in a riser in excess of the LFL, while the headspace was less than
the LFL. The frequency of deflagration in a riser was therefore assigned the frequency of a
deflagration due to a spontancous GRE. The risk binning team concluded this was a
conservative assumption.

The consequences of a deflagration in a riser were qualitatively judged by the risk binning team
to be the same as a deflagration in waste-intruding equipment, i.¢., the onsite radiological and
onsite and offsite toxicological consequences would be “low.” The resultant risk bins are shown
in Table 2-17.

Table 2-17. Risk Bins for a Deflagration in a Double-Shell Tank Riser.

Receptor Frequency Consequence Risk bin
Onsite radiological Low 11
Onsite toxicological Unlikely Low HI
Offsite toxicological Low IH

2.1.2.7 Double-Shell Tank Gasoline Fuel Deflagration

Vehicles are routinely used in the tank farms to support surveillance, sampling, maintenance, and
construction activities. A vehicle accident in a tank farm could result in fuel from a ruptured fuel
tank spilling into a waste storage tank. Fuel could also leak or spill into a waste storage tank
during tank farm fueling activities. A deflagration could occur if the fuel was to subsequently
volatilize and ignite. Based on the volatility of gasoline, it is postulated that gasoline vapors
could reach the LFL within the headspace of waste tanks. Because of the low vapor pressure of
diesel fuel, diesel fuel vapors are not expected to reach the LFL.

RPP-13261, Analysis of Vehicle Fuel Release Resulting in Waste Tank Fire, analyzes several
scenarios in which gasoline enters a waste storage facility. The estimated frequency of: (1) a
vehicle striking a riser such that the fuel tank is ruptured, (2) the fuel draining into a waste tank,
(3) the fuel-air concentration reaching the LFL, and (4) the presence of an ignition source, is
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approximately 6 x 10™*/yr. Based on this evaluation, the frequency of a headspace
gasoline/diesel fuel deflagration in a DST was qualitatively determined by the risk binning team
to be “unlikely.” A deflagration resulting from tank farm fueling activities is also qualitatively
determined to be “unlikely” based on the accident scenario requiring a fuel leak or spill and that
the fuel enters a waste storage tank.

As was the case with hydrogen, a deflagration caused by gasoline would result in a peak
pressure sufficient to damage the tank structure (i.e., greater than 55 to 60 1b/in® gauge).
Therefore, the risk binning team concluded that the consequences of a gasoline deflagration
would either be bounded by, or be approximately the same as, a hydrogen deflagration. The
resultant risk bins are shown in Table 2-18.

Table 2-18. Risk Bins for a Double-Shell Tank Gasoline/Diesel Fuel

Deflagration.
Receptor Frequency Consequence Risk bin
Onsite radiological Low 1L
Onsite toxicological Unlikely Moderate It
Offsite toxicological Low m

2.1.2.8 Deflagration in a Flexible Receiver Bag

Flexible receiver bags are used to encase long-length, contaminated equipment removed from
waste tanks. If the headspace of a tank was above the LFL or a GRE occurred, and a flexible
recelver bag was attached to a riser, it is conceivable that a deflagration in the flexible receiver
bag could occur.

The frequency of a deflagration in a flexible receiver bag was qualitatively determined by the
risk binning team to be “extremely unlikely.” In making this determination, consideration was
given to: (1) the “unlikely” frequency assigned to a deflagration due to a steady-state
accumulation of flammable gas or a spontaneous GRE, (2) the probability of concurrent flexible
receiver bag operations, and (3) the presence of an ignition source such that the deflagration
occurs in the flexible receiver bag but not the tank headspace.

Given a deflagration in a flexible receiver bag, the amount of waste available for dispersion
would be limited to that present as equipment contamination. Accordingly, the risk bin team
concluded that the onsite radiological and onsite and offsite toxicological consequences would
be “low.” The resultant risk bins are shown in Table 2-19.

Table 2-19. Risk Bins for a Deflagration in a Flexible Receiver Bag.

Receptor Frequency Consequence Risk bin
Onsite radiological Low v
; ) - Extremely
Onsite toxicological unlikely Low v
Offsite toxicological Low v
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2.1.2.9 Ignition of a Pocket of Flammable Gas

As discussed in Section 2.1.2.5, it is believed that pockets of flammable gas have been
encountered during push-mode core sampling. Concetvably, a gas pocket could ignite under the
waste as a result of the core sampling activity.

Section 2.1.2.4 addressed subsurface deflagrations. The risk binning team concluded that a
subsurface deflagration that presented a potential hazard to facility workers, onsite workers, and
the offsite receptor was a “beyond extremely unlikely” event. For the specific case of
push-mode core sampling, the risk binning team qualitatively increased the frequency to
“extremely unlikely” based on the assumption that the sampling activity provided the ignition
source. Consistent with Section 2.1.2.4, the risk binning team concluded the consequences
would be “low.” The resultant risk bins are presented in Table 2-20.

Table 2-20. Risk Bins for the Ignition of a Pocket of Flammable Gas in a
Double-Shell Tank.

Receptor Frequency Consequence Risk bin
Onsite radiclogical Low v
Onsite toxicological Extn_amely Low v
unlikely
Offsite toxicological Low v

2.1.2.10 Deflagration in a Waste Transfer Line

There 1s limited potentiai for flammable gas accumulation in either the primary or encasement
piping of a waste transfer line. Transfer lines are full during waste transfers, with the exception
of saltwell pumping transfers that have low flow rates that allow the pipe to remain partially
empty. When the transfer pipe is full, there is no space for flammable gas accumulation and thus
no hazard. After the waste transfer is stopped, there is some potential for flammable gas
accumulation, particularly if the line is not flushed. There is also some potential for flammable
gas accumulation in the encasement of encased lines if there is a leak in the primary pipe.
However, most of the waste is expected to drain from the line after the transfer is terminated, a
factor that Iimits flammable gas generation and increases the time needed to reach the LFL. In
addition, there are few ignition sources available to initiate a deflagration in a waste transfer line.

Consequences from a deflagration within a pipe would be limited by the diameter of the pipe and
the inverse proportionality between the volume of flammable gas present and the volume of
waste available for release. Thus, pipes with the largest volume of headspace available for
flammable gas accumulation will have the highest potential deflagration energy, but will also
have the least amount of waste available for: (1) flammable gas generation, and (2) release given
a deflagration occurs. Conversely, pipes largely filled with waste will generate the most gas and,
because of the small amount of available headspace, will reach the LLFL most rapidly. However,
the energy produced by a deflagation in such a line would be limited by the small volume of gas
present.

2-22




RPP-13510 REV 3

The ability of various piping (both primary and encasements) to withstand flammable gas
deflagrations has been evaluated (HNF-2251, Calculation Note on Flammable Gas in Waste
Transfer Lines). It was determined that most primary piping and encasements would withstand
an assumed pressure of 2,832 kPa (411 Ib/in®) absolute. The ability of older underground
encased or directed buried piping to withstand such pressures was considered to be uncertain
because the precise loss of wall thickness due to corrosion was not available as an input to the
calculations. However, this buried piping is typically covered by several feet of dirt, which
would mitigate the effects of the accident.

Based on the above considerations, the risk binning team concluded that the frequency of a
deflagration in a waste transfer line was “unlikely,” and that the consequences to onsite and
offsite receptors would be “low.” The resultant risk bins are shown in Table 2-21. It was noted
that a deflagration in a waste transfer line has the potential for significant facility worker
consequences.

Table 2-21. Risk Bins for a Deflagration in Waste Transfer Line.

Receptor Frequency Consequence Risk bin
Onsite radiological Low IH
Onsite toxicological Unlikely Low 111
Offsite toxicological Low 1

2.2 SINGLE-SHELL TANKS

2.2.1 Representative Accident

The representative accident for SSTs is a headspace deflagration due to a steady-state
accumulation of flammable gas. Spontaneous GREs in SSTs resulting in a deflagration are
considered “beyond extremely unlikely.” Although spontaneous GREs in SSTs have occurred,
they are uniformly small and slow, and the resultant flammable gas concentrations have been
well below 25% of the LFL (RPP-7771).

2.2.1.1 Scenario

A deflagration in the headspace of an SST can occur if the flammable gas concentration is
greater than or equal to the LFL and an ignition source is present. RPP-5926 calculates the
steady-state flammable gas concentration in SSTs. Under barometric breathing conditions, in
which the only movement of air into or out of the tank is due to variations in atmospheric
pressure, flammable gas concentrations in excess of the LFL can be reached in some SSTs.
Under zero ventilation conditions, in which the SSTs are essentially modeled as sealed pressure
vessels, concentrations in excess of the LFL will eventually be reached in all SSTs. For the
majority of the tanks, however, this requires years of flammable gas generation and
accumulation. A zero ventilation condition is considered for SSTs because isolation activities
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(e.g., cutting and capping transfer lines, foaming-over pits) have been undertaken to prevent
inadvertent waste transfers and water intrusion.

Similar to the DST scenario described in Section 2.1.1.1, an ignition source is assumed to be
present and ignites the flammable gas in the SST headspace resulting in a deflagration.

As documented in WHC-SD-TWR-RPT-003, at internal pressures in the range of 11 to

15 Ib/in® gauge, some cracking of the SST concrete tank dome with distributed pressure venting
and overstressing of rebar is predicted. This failure would lead to self-venting through the soil
overburden. Given a very rapid, high pressure (e.g., up to 44 Ib/in” gauge) transient, the pressure
may not have time to vent. At pressures significantly greater than 11 to 15 1b/in’ gauge, the
center portion of the dome to a radial distance of 2 to 20 ft, along with the soil overburden,
would likely be blown out. Based on existing stress analyses, the DELPHI panel concluded
there is no reason to expect complete dome collapse (WHC-SD-TWR-RPT-003).

2.2.1.2 Frequency Determination

The frequency of a headspace deflagration in an SST due to a steady-state accumulation of
flammable gas was qualitatively determined by the risk binning team to be “unlikely.” In
making this determination, consideration was given to: (1) the likelihood of reaching the LFL
and having an ignition source, (2) the 50-yr operating history of the tank farms during which
time no deflagrations are known to have occurred, and (3) flammable gas monitoring data.

Calculations in RPP-5926 demonstrate that in the absence of controls, reaching the LFL in the
headspace of an SST is a credible event. The risk binning team discussed the bases and
assumptions for these calculations and judged them to be conservative.

For steady-state generation and accumulation, if the steady-state equilibrium concentration
reaches or exceeds the LFL it will remain there indefinitely. Therefore, an ignition source is
assumed to be present. The risk binning team discussed the validity of this assumption with
some stating the opinion that it is overly conservative to assume an ignition source. It was
discussed that this was a standard industry assumption, supported by the fact that, in a relatively
large percentage of flammable gas deflagrations that have occurred in industry, no specific
1gnition source could be identified.

The appropriateness of considering operational history when evaluating the frequency of a
scenario “without controls” was discussed. The risk binning team recognized that during the
50-yr history of the tank farms, controls of some type (e.g., active or passive ventilation) were
normally in place. Despite this fact, it was the team’s judgment that the operational history
suggested that a flammable gas deflagration was not an anticipated event.

Monitoring of SST headspaces has shown that flammable gas concentrations due to steady-state

generation and accumulation are typically well below 25% of the LFL. As in the case with
operational history, the risk binning team recognized that this data reflects some level of control.
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2.2.1.3 Consequence Determination

To support the qualitative assessment of consequences, a series of calculations was performed.
The calculations, documented in Appendix B, were performed consistent with the methodologies
documented 1n RPP-13482. Table 2-22 identifies the analytical assumptions and input
parameters used in the Appendix B calculations, evaluates the sensitivity of the results to the
assumiption/input parameter, and determines the need to protect the assumption/input parameter.
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The radiological and toxicological consequences are a function of the quantity of tank waste
suspended by a deflagration, which in turn is a function of the tank failure mode. Table 2-23
summarizes the estimated quantities of respirable material released assuming dome cracking, no
tank damage, and partial dome collapse. The bases for the values shown in Table 2-23 are
provided in Appendix B.

Table 2-23. Respirable Releases as a Function of the
Single-Shell Tank Failure Scenario.

SST failure seenario Respigasb’ll‘es;tleil;:se (L)
Cracked dome-1 0.011
Cracked dome-2 0.6
No tank damage 0.12
Partial dome collapse-1 4
Partial dome collapse-2 33
Notes:
SS8T = single-shell tank.

Table 2-24 presents the onsite radiologtcal consequences calculated in Appendix B for the
respirable releases shown in Table 2-23. As was the case with the DST consequences, two
calculations were performed applying two different modeling approaches: one assuming a
ground level, point source release; and one assuming a volume release. The ULDs are derived in -
RPP-5924 for each waste phase in each tank. For the 149 SS8Ts, ULDs ranged in value from

1.9 x 10" Sv/L (associated with 8 kL of liquids in SST 241-T-201) to 1.4 x 10° Sv/L (associated
with 28 kL of sludge in SST 241-AX-104). SST 241-AX-104 sludge, which has the highest SST
waste ULD, was not selected because even under zero ventilation conditions the headspace in
this SST cannot reach the LFL due to diffusion through the concrete dome (RPP-5926,

Table 4-5). Therefore, SST 241-TX-118 saltcake was selected because it has the second highest
SST waste ULD of 1.0 x 10° Sv/L and SST 241-TX-118 can reach the LFL and detonable limits
assuming zero ventilation conditions.
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Table 2-24. Onsite Radiological Consequences of a
Single-Shell Tank Headspace Deflagration.

Dose (rem)
SST failure scenario Ground
level/point Volume release
source
Cracked dome-1 12 0.2°
Cracked dome-2 66 9.8*
No tank damage 13 2.0°
Dome collapse-1 440 27
Dome collapse-2 360 23
Notes:

“Assumes 15 1b/in® gauge tank pressure
" Assumes 44 1b/in® gauge tank pressure.

SST = single-shell tank.

Table 2-25 presents the onsite toxicological consequences calculated in Appendix B for the
respirable releases shown in Table 2-23. Identical to the onsite radiological calculations, two
calculations were performed; one assuming a ground-level, point source release; and one
assuming a volume release. The calculations in Appendix B assume the matenial released is
100-series SST solids. The SOF TEEL-2 and TEEL-3 values selected for use in calculating the
onsite toxicological consequences are 6.28 x 10® and 9.80 x 107, respectively. These are the
highest reported 100-series SST liquids or solids TEEL-2 and TEEL-3 SOF values reported in
RPP-8369. The highest reported 100-series SST solids TEEL-2 value also bounds the 200-series
SST solids TEEL-2 values with the exception of the 241-C Tank Farm 200-series tanks. These
relatively small (i.e., 50,000 gal) tanks only contain from 800 to 2,600 gal of waste and are
judged not to present a significant flammable gas hazard. Excluding 241-C Tank Farm
200-series tanks, the highest reported 200-series SST solids TEEL-3 value is 3.39 x 10® for
SST 241-T-202.
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Table 2-25. Onsite Toxicological Consequences of a
Single-Shell Tank Headspace Deflagration.

Sum of fractions*

Si;i:?;re Groun.d Volume

le\srzl‘i[::;nt release
Cracked dome-1 3.8 (TEEL-2) 0.6 (TEEL-2)
0.6 {TEEL-3) 0.1 (TEEL-3)
Cracked dome-2 210 (TEEL-2) 31 (TEEL-2)
32 (TEEL-3) 4.8 (TEEL-3)
No tank damage 41 (TEEL-2) 6.1 (TEEL-2)
6.4 (TEEL-3) 1.0 (TEEL-3}
Dome collapse-1 1,400 (TEEL-2) 86 {TEEL-2)
210(TEEL-3) 13 (TEEL-3)
Dotne collapse-2 1,100 (TEEL-2) 71 (TEEL-2)
180 (TEEL-3) 11 (TEEL-3)

Notes:
*TEEL-3 values are for 100-series SS8Ts.
SST = single-shell tank.
TEEL = Temporary Emergency Exposure Limit.

Table 2-26 presents the offsite toxicological consequences calculated in Appendix B for the
respirable releases shown in Table 2-23. The consequences were calculated assuming a puff
release at ground level from a point source release. Calculations were not performed for a
volume release, as the associated atmospheric dispersion coefficients are essentially the same as
the ground level, point source puff release (e.g., 4.9 x 10° 1/m’® versus 5.06 x 10 1/m?).

The TEEL-1 value selected for use is 3.71 x 10°. This is the highest reported SST liquids or
solids TEEL-1 SOF value reported in RPP-8369 with the exception of the 241-C Tank Farm
200-series tanks. These relatively small (i.e., 50,000 gal) tanks only contain from 800 to
2,600 gal of waste and are judged not to present a significant flammable gas hazard.

Table 2-26. Offsite Toxicological Consequences of a
Single-Shell Tank Headspace Deflagration.

SST failure scenario Sum of fractions
Cracked dome-1 0.002 (TEEL-1)
Cracked dome-2 ' 0.1 (TEEL-1)
No tank damage 0.02 (TEEL-1)
Dome collapse-1 0.8 (TEEL-1)
Dome collapse-2 0.6 (TEEL-1)

Notes:
SST = single-shell tank.
TEEL = Temporary Emergency Exposure Limit,
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2.2.1.3.1 Assignment of Consequence Levels for the Onsite and Offsite Receptors

Consistent with the assignment of DST consequence levels, the risk binning team discussed the
two modeling approaches (i.e., volume release versus ground level, point source release) and
reached consensus that the qualitative determination of onsite consequences should consider the
volume release values.

The onsite radiological consequence of a headspace deflagration in an SST was qualitatively
determined by the risk binning team to be “moderate.” A “moderate” consequence was assigned
because the dome collapse scenario doses shown in Table 2-24 for a volume release are
approximately 25 rem.

The onsite toxicological consequence of a headspace deflagration in an SST was qualitatively
determined by the risk binning team to be “moderate.” A “moderate” consequence was assigned
because: (1) the volume release TEEL-2 values are greater than 1, and (2) the volume release
TEEL-3 (100-series) values range from 0.1 to 13. Although the TEEL-3 (200-series)
consequences are higher, it was determined that the TEEL-3 (100-series) toxicological
consequences best represent the toxicological hazard associated with a flammable gas
deflagration in an SST. This determination was based on the relative number of 100-series to
200-series tanks, the fact that the 100-series tanks are significantly larger in storage volume (i.e.,
from 0.5 Mgal to 1.0 Mgal) than are the 200-series tanks (i.e., 0.05 Mgal), and the fact that the
100-series tanks contain significantly larger waste volumes. The risk binning team discussed if a
“high” consequence should be assigned, since TEEL-3 (100-series) SOF values greater than 1
were calculated. The team concluded that it should not. In reaching this conclusion, the team
discussed that some agglomeration and deposition would occur during the downwind transport of
the plume, which would serve to reduce consequences to below the calculated values. Further,
although the volumetnic x/Q accounts for a pressurized release, it does not address temperature or
momentum cffects associated with a deflagration. These would increase dispersion thereby
further reducing consequences to below the calculated values. In addition, the TEEL SOF values
reported in RPP-8369 were conservatively derived and are based on a 1-hr exposure duration.
For a hypothetical onsite worker at a distance of 100 m, plume passage will be less than 1 hr.

The offsite toxicological consequence of a headspace deflagration in an SST was qualitatively
determined by the risk binning team to be “low.” A “low” consequence was assigned because
the TEEL-1 SQOF values are less than 1 for all SST failure scenarios.

2.2.1.3.2 Assignment of Environmental Consequences

The risk binning team qualitatively assigned an environmental consequence of “E2,” meaning
that there is the potential for a significant discharge of tank waste onsite. This consequence was
assigned due to the potential release and subsequent dispersion of approximately 3.3 L of tank
waste (associated with the dome collapse-2 scenario).

2.2.1.3.3 Assignment of Risk Bins
Table 2-27 presents the risk bins for the SST representative accident. The risk bins are based on

the methodology presented in Section 1.3 and the risk binning team’s qualitative determination
of frequency and consequence.
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Table 2-27. Risk Bins for a Single-Shell Tank Headspace Deflagration
Due to a Steady-State Accumulation of Flammable Gas.

Receptor Frequency Consequence Risk bin
Onsite radiological Moderate H
Onsite toxicological Unlikely Moderate u
Offsite toxicological Low III

2.2.2 Associated Hazardous Conditions

As stated in Section 1.2.3, there are numerous other hazardous conditions associated with the
SST flammable gas representative accident. In general, these hazardous conditions address
various SST deflagration scenarios (e.g., different flammable gas sources, different ignition
sources). Twelve hazardous conditions were identified as being sufficiently different from the
representative accident to warrant further review.

2.2.2.1 Single-Shell Tank Headspace Deflagration Due to an Induced Gas Release Event

Operations and activities that disturb tank waste can induce the release of retained gas. For
SSTs, saltwell pumping is known to result in a release of retained gas. Historically, flammable
gas monitoring has been conducted during saltwell pumping, and pumping operations have been
halted if the concentration approached 25% of the LFL. The risk binning team discussed past
saltwell pumping operations and flammable gas monitoring results and qualitatively concluded
that the frequency without controls of a headspace deflagration in an SST due to an induced GRE
was “anticipated.”

The manner in which the headspace reaches the LFL (i.e., steady-state, spontaneous, or induced
GRE) does not impact the consequences. Therefore, the consequence levels assigned in
Sections 2.2.1.3.1 and 2.2.1.3.2 are applicable. Table 2-28 presents the resultant risk bins.

Table 2-28. Risk Bins for a Single-Shell Tank Headspace Deflagration
Due to an Induced Gas Release Event.

Receptor Frequency Consequence Risk Bin
Onsite radiological Moderate I
Omsite toxicological Anticipated Moderate I
Offsite toxicological Low I

2.2.2.2 Single-Shell Tank Headspace Detonation Due to a Steady-State Accumulation of
Flammable Gas or a Gas Release Event

As previously stated, a direct detonation requires a higher flammable gas concentration than a

deflagration (i.e., a hydrogen concentration from 8% to 11% [or higher] versus 4%). A DDT
requires even higher flammable gas concentrations as well as special geometry, confinement, or
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configuration conditions that serve to accelerate the deflagration to a detonation. The headspace
of an SST is not conducive to DDTs, as it represents an unconfined geometry.

Detonable and DDT limits can conceivably be reached in some SSTs due to steady-state
generation and accumulation. As documented in RPP-5926, under barometric breathing
conditions, the maximum calculated steady-state hydrogen concentration in an SST does not
reach the limiting detonable limit of 8%. Under zero ventilation conditions, concentrations in
excess of the detonable and DDT limits will eventually be reached. For the majority of SSTs,
this requires years of flammable gas generation and accumulation. The risk binning team
discussed the bases and assumptions for these calculations and judged them to be conservative.

GREs in SSTs that could cause flammable gas concentrations in the tank headspace to exceed
the lower detonable limit are not expected based on operating experience and evaluations of
GRE flammable gas hazards in SSTs. First, there are only a limited number of SSTs estimated
to contain sufficient retained gas to achieve a hydrogen concentration of 8%, even if 100% of the
retained gas was released into the tank headspace. Second, retained gas release in SSTs is a slow
process thus limiting the maximum flammable gas concentrations (RPP-7771).

Given the detonable or DDT limits are reached, an ignition source must be present. As
previously stated, the direct ignition of a detonation requires an ignition source of high energy,
high power, or large size. Lightning has been identified as the only ignition source of sufficient
strength to ignite a direct detonation. In the case of the zero airflow condition, a tank would
reside above the LFL for a considerable time period before reaching detonable or DDT limits.
Given that deflagrations can be ignited by relatively small ignition sources, the risk binning team
factored the likelithood of a deflagration occurring before a detonation or DDT into their
frequency estimate. '

Based on the above considerations, the risk binning team qualitatively determined the frequency
of a headspace detonation in an SST to be “beyond extremely unlikely.”

No scoping calculations for a detonation in an SST have been performed in support of risk
binning. Based on a review of the consequence level assignments for both a deflagration and a
detonation in a DST, the risk binning team concluded that the consequences of a detonation in an
SST would be approximately equal to those of a deflagration. The resultant risk bins are
presented in Table 2-29.

Table 2-29. Risk Bins for a Single-Shell Tank Headspace Detonation.

Receptor Frequency Consequence Risk Bin
Onsite radiological Beyond Moderate v
Onsite toxicological extremely Moderate v
Offsite toxicological unlikely Low v
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2.2.2.3 Headspace Deflagration in One Single-Shell Tank that Propagates to a Second
Single-Shell Tank

This scenario requires the flammable gas concentration in the headspaces of two tanks connected
by process overflow lines to be at the LFL. Under barometric breathing conditions, two such
tanks do not exist. (Note: Referring to RPP-5926, SSTs 241-B-203 and 241-B-204 are in
different overflow cascades and are not interconnected.) Under zero airflow conditions, the
flammable gas concentration in two SSTs connected by process overflow lines could eventually
both reach the LFL. Given an ignition source, a deflagration in one tank could then propagate to
the second. The risk binning team qualitatively judged the frequency of this scenario to be
“extremely unlikely.” In making this determination, the risk binning team considered: (1) the
“unlikely” frequency for a deflagration in a single SST, (2) that the scenario requires a zero
airflow condition, and (3) that both tanks must reach the LFL at approximately the same time
(otherwise a deflagration in one tank could occur prior to the second tank reaching the LFL).

The risk binning team discussed the extent to which consequences would be increased if
simultaneous deflagrations occurred in adjacent tanks. Given the distance to the offsite receptor,
the event would appear to be a single release. Doubling the offsite toxicological consequences
shown in Table 2-26 still results in a “low” consequence. For the onsite receptor located at

100 m, the consequences would be increased but not doubled as the receptor cannot
simultaneously be at the centerline of each plume. Based on a review of the onsite consequences
shown in Tables 2-24 and 2-25, the risk binning team qualitatively determined the onsite
radiological and toxicological consequences to be “low” and “moderate,” respectively. The
resultant risk bins are presented in Table 2-30.

Table 2-30. Risk Bins for a Headspace Deflagration in One Single-Shell
Tank That Propagates to a Second Single-Shell Tank.

Receptor Frequency Consequence Risk bin
Onsite radiological Moderate I
. . . Extremely
Onsite toxicological unlikely Moderate I
Offsite toxicological Low v

2.2.2.4 Deflagration in a Single-Shell Tank Riser

Risers extend from the headspace of SSTs into process pits. Therefore, the concentration of
flammable gas in a riser approximates the concentration in the headspace under steady-state
conditions. In the event of a large GRE, it is conceivable that momentum effects could result in
a flammable gas concentration in a riser in excess of the LFL while the headspace is less than the
LFL. However, as was previously stated, GREs in SSTs that could cause flammable gas
concentrations in the tank headspace to exceed the LFL are not expected based on operating
experience and evaluations of GRE flammable gas hazards in SSTs. Specifically, retained gas
release in SSTs is a slow process thus limiting the maximum flammable gas concentrations
(RPP-7771). Based on this consideration, the risk binning qualitatively determined the
frequency of a deflagration in an SST riser to be “beyond extremely unlikely.”
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The consequence of a deflagration in a riser was qualitatively evaluated by the risk binning
team. The team concluded that there would be no damage to the SST. In addition, the amount
of waste available for dispersion would be small. Based on these considerations, the risk binning
team concluded that the onsite radiological and onsite and offsite toxicological consequences
would be “low.” The resultant risk bins are shown in Table 2-31.

Table 2-31. Risk Bins for a Deflagration in a Single-Shell Tank Riser.

Receptor Frequency Consequence Risk bin
Omnsite radiological Beyond Low Iv
Onsite toxicological Extremely Low v
Offsite toxicological Unlikely Low v

2.2.2.5 Ignition of a Pocket of Flammable Gas

As discussed in Section 2.1.2.5, it is believed that pockets of flammable gas have been
encountered during push-mode core sampling. Logically, a pocket of flammable gas could also
be encountered during RMCS in an SST. Conceivably, such a gas pocket could ignite under the
waste as a result of the core sampling activity.

In Section 2.1.2.9, the risk binning team assigned a frequency of “extremely unlikely” to the
ignition of a pocket of flammable gas in a DST. Consistent with that section, the risk binning
teamn assigned a frequency of “extremely unlikely” for a similar scenario in an SST. In addition,
the risk binning team concluded that the consequences would be “low,” as there would be no
structural damage to the tank and the quantity of disturbed waste would be small. The resultant
risk bins are shown in Table 2-32.

Table 2-32. Risk Bins for the Ignition of a Pocket of Gas in a
Single-Shell Tank.

Receptor Frequency Consequence Risk bin
Onsite radiological Low v
- - . Extremely
Onsite toxicological unlikely Low v
Offsite toxicological Low v

2.2.2.6 Deflagration in a Single-Shell Tank During Rotary Mode Core Sampling

RMCS operations generate airborne material within the headspace of a tank and thus have the
potential to increase the consequences if a deflagration simultaneously occurs. RPP-13437,
Technical Basis Document for Ventilation System Filtration Failures Leading to Unfiltered
Release, Appendix D, “RMCS System Parameters,” evaluates the mass loading in a tank
headspace due to RMCS operations. Based on this analysis, the risk binning team concluded that
RMCS operations do not significantly increase the consequences of a flammable gas deflagration
in an SST. The team also concluded that RMCS operations do not significantly impact the
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frequency of a deflagration. The frequency, consequences, and risk bins are, therefore, those of
the representative accident.

2.2.2.7 Deflagration in a Double-Contained Receiver Tank

DCRTs are typically used for the interim storage of waste transferred from other facilities. There
are three DCRTs: 244-BX, 244-S, and 244-TX. Flammable gases are released into the
headspace of DCRT by several processes: (1) transferred in with the waste (e.g., soluble gases,
gas bubbles); (2) produced in the tank during waste storage by radiolysis of water and organics,
chemical reactions (or thermolysis), and corrosion; and (3) produced by chemical adjustments of
the waste before transfer to a DST (e.g., ammonia release). RPP-8050 analyzes the
concentration of flammable gas in a DCRT headspace subsequent to expected waste transfers.
The results show that the maximum concentration can, without controls (i.e., under zero
ventilation conditions), exceed the LFL. The potential for GRE flammable gas hazards in
DCRTs is evaluated in RPP-10007, Flammable Gas Release Calculational Methodology and
Results for Active Catch Tanks and DCRTs. RPP-10007 concluded that there is no spontaneous
or induced GRE hazard in DCRTs.

The risk binning team concluded that the frequency, consequences, and risk bins of the

representative SST accident conservatively bound a deflagration in a DCRT. The resuitant risk
bins are shown in Table 2-33.

Table 2-33. Risk Bins for a Double-Contained Receiver Tank Flammable

(as Deflagration.
Receptor Frequency Consequence Risk bin
‘Onsite radiological Moderate 1
Onsite toxicological Unlikely Moderate II
Offsite toxicological Low m

2.2.2.8 Deflagration in an Active Catch Tank

Active catch tanks are underground storage tanks used to collect waste drained from waste
transfer systems and DST equipment. Typically, the waste present in active catch tanks is
condensate from equipment versus tank waste. RPP-8050 estimates the steady-state
flammability level in active catch tanks under barometric breathing conditions for varying waste
types and volumes, including existing waste characteristics and conditions. The tank-specific
geometry of each active catch tank was modeled, and the waste type analyzed was based on the
tank operating history and mission, sample data, and best-basis inventory data. The waste
volume was analyzed in 10% increments up to 90% full. As reported in RPP-8050, active catch
tanks can reach the LFL depending on the assumed waste characteristics and volume. The
potential for GRE flammable gas hazards in active catch tanks is evaluated in RPP-10007.
RPP-10007 concluded that there is no spontaneous or induced GRE hazard in active catch tanks.
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The risk binning team concluded that the frequency, consequences, and risk bins of the
representative SST accident conservatively bound a deflagration in an active catch tank. The
resultant risk bins are shown in Table 2-34,

Table 2-34. Risk Bins for an Active Catch Tank Flammable Gas

Deflagration.
Receptor Frequency Cansequence Risk bin
Onsite radiological Moderate n
Onsite foxicological Unlikely Moderate II
Offsite toxicological Low III

2.2.2.9 Inactive Tanks

Inactive tanks include inactive miscellaneous underground storage tanks (IMUST),

244-AR Vault tanks 244-AR TK-001, -002, -003, and -004; 244-CR Vault tanks
244-TK-CR-001, -002, -003, and -011; 242-T Evaporator vessels 242-T-101 through -107 and
-110; and 1nactive catch tanks 241-A-302A, A-417, AX-152, and AZ-154. The residual waste
in these facilities potentially represent a flammable gas hazard.

Most of the IMUSTSs have been interim stabilized, meaning that pumpable liquids have been
removed and the tanks isolated. In many cases, it is not practical to venfy the existence of a flow
path for barometric breathing (i.e., it is conceivable that isolation activities have created a zero
airflow condition for some IMUSTs). RPP-8050 evaluates the steady-state flammable gas
hazard in 32 IMUSTs. Evaluation of 32 tanks was possible as the waste volume and
characteristics could be estimated from historical documentation. Each of the 32 tanks was
analyzed under barometric breathing and zero airflow conditions. Under barometric breathing
conditions, one of the IMUSTSs will reach 100% of the LFL. Under zero ventilation conditions,
all 32 tanks analyzed could eventually reach the LFL.

The 244-AR Vault is evaluated in RPP-8720, Steady State Flammable Gas Calculations for
244-AR Vault Tanks. For the 244-CR Vault and the 242-T Evaporator, the potential flammable
gas hazard is based on process history.

The risk binning team initially concluded that the frequency, consequences, and risk bins of the
representative SST accident conservatively bounded deflagrations in inactive tanks. While the
consequences are judged to be bounding, it was subsequently determined that the representative
SST accident frequency of “unlikely” for steady-state flammable gas hazards was not bounding
for all inactive tanks. Table 2-35 presents the estimated deflagration frequency based on an
evaluation of the ventilation potentially available without controls. In the absence of any
cvaluation, the frequency of a spontaneous or induced GRE flammable gas hazard in inactive
tanks 1s conservatively assumed to be “unlikely.” Table 2-36 presents the resultant risk bins.
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Table 2-35. Inactive Tank Deflagration Frequency Without Controls. (2 sheets)

Tank

Frequency w/o
controls

Basis

Sealed, steel IMUSTs Anticipated

Zero ventilation is assumed for IMUSTS that have been sealed.
In addition, because the tanks are constructed of steel versus
concrete, diffusion will be relatively ineffective in reducing the
hydrogen concentration in the tanks.

Potentially vented

IMUSTs

Anticipated*

Barometric breathing can be reasonably assumed for IMUSTs
that have not been sealed, Given barometric breathing, an
“unlikely” frequency would be applied. However, in the
absence of a known barometric breathing path, an “anticipated”
frequency is conservatively applied.

Known vented IMUSTs Unlikely

Barometric breathing is assumed for IMUSTS that are known to
have an opening that provides communication with the
atmosphere.

244-CR Vault, tank Anticipated*
244-CR TK-003

This tank is known to be vented such that an “unlikely”
frequency could be applied. However, it has not been
physically isolated such that waste could be added. An
“anticipated” frequency is therefore conservatively applied.

244-CR Vault, tanks Anticipated*

244-CR TK-001, -002,

-011

Barometric breathing can be reasonably assumed for these tanks
because they have not been sealed. Given barometric breathing,
an “unlikely” frequency would be applied. However, in the
absence of a known barometric breathing path, an “anticipated”
frequency is conservatively applied.

244-AR Vault

Unlikely

Barometric breathing is assumed for the tanks in 244-AR, as
they known to have openings that provide communication with
the atmosphere.

242-T Evaporator

Anticipated*

Barometric breathing can be reasonably assumed for 242-T
inactive tanks because they have not been sealed. Given
barometric breathing, an “unlikely” frequency would be
applied. However, in the absence of a known barometric
breathing path, an “anticipated” frequency is conservatively
applied.

4 Inactive Catch Tanks Unlikely

Barometric breathing is assumed for these tanks that are known
to have an opening that provides communication with the
atmosphere.

Notes:

Anticipated® - conservatively assigned an “anticipated™ frequency but judged to be approaching “unlikely.”

IMUST
LFL

inactive miscellaneous underground storage tank.

lower flammability limit.
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Table 2-36. Risk Bins for an Inactive Tank Flammable Gas Deflagration.

Receptor Frequency Consequence Risk bin
Omsite radiological Moderate I
Onsite toxicological - Anticipated Moderate 1
Offsite toxicological Low 111
Onsite radiological Moderate 1
Onmsite toxicological Uniikely Moderate I
Offsite toxicological Low 1!

2.2.2.10 Deflagration in Replacement Cross-Site Transfer System Diversion Box 6241-A or
Vent Station 6241-V

There are two means by which flammable gas can be present in a waste transfer-associated
structure. First, flammable gases can enter a structure if it is connected via open piping, drain
lines, or risers to an SST, DST, or other waste storage facility. Second, flammable gases would
be produced if waste was present in a structure due to a waste transfer misroute or transfer line
failure. In the absence of controls, the flammable gas concentration could exceed the LFL via
either means.

Risk binning for flammable gas deflagrations in typical waste transfer-associated structures
(e.g., pump pits, valve pits) are addressed in RPP-13354, Technical Basis Document for the
Release from Contaminated Facility Representative Accident and Associated Represented
Hazardous Conditions. However, because of their very large size (and thus their ability to hold
more waste), two RCSTS waste transfer-associated structures (i.e., Diversion Box 6241-A and
Vent Station 6241-V), are more appropriately addressed under the SST flammable gas
representative accident. Diversion Box 6241-A and Vent Station 6241-V are not connected to
waste storage facilities. Therefore, a flammable gas hazard potentially exists only in the case of
a transfer line failure that results in the accumulation of a large volume of waste within one of
the structures.

The risk binning team concluded that the frequency, consequences, and risk bins of the
representative SST accident conservatively bound a deflagration in the subject diversion box or
vent station. The resultant risk bins are shown in Table 2-37.

Table 2-37. Risk Bins for a Flammable Gas Deflagration in Diversion
Box 6241-A or Vent Station 6241-V,

Receptor Frequency Cansequence Risk bin
Onsite radiological Moderate II
Omsite toxicological Unlikely Moderate II
Offsite toxicological Low 111
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2.2.2.11 Single-Shell Tank Gasoline Fuel Deflagration

Section 2.1.2.7 discusses a gasoline fuel deflagration in a DST. The same event can potentially
occur in an SST. Based on the evaluations included in RPP-13261 and the evaluations of fueling
accidents in the tank farms, the frequency of a2 headspace gasoline fuel deflagration in an SST
was qualitatively determined by the risk binning team to be “unlikely,” and the consequences
were conservatively judged to be the same as a deflagration due to waste-generated flammable
gas. The resultant risk bins are shown in Table 2-38.

Table 2-38. Risk Bins for a Single-Shell Tank Gasoline Fuel Deflagration.

Receptor Frequency Consequence Risk bin
Qnsite radiological Moderate I
Onsite toxicological Unlikely Moderate I
Offiite toxicological Low I

2.2.2.12 Deflagration in Single-Shell Tank Retrieval/Closure Aboveground Tanks
The following SST retrieval/closure systems include aboveground tanks that contain waste.
o SST vacuum retrieval system slurry tank and water separator.

The frequency, consequences, and resulting risk bin for potential steady-state and GRE
flammable gas hazardous conditions in the aboveground tanks for these SST retrieval/closure
systems are presented in the following sections.

2.2.2.12.1 Single-Shell Tank Vacuum Retrieval System

The SST vacuum retrieval system relies on a pneumatically assisted vacuum system to retrieve
waste from an SST. The system uses an articulating mast system (AMS) and a slurry tank to
retrieve the waste from the SST. The slurry tank is located aboveground in an ISO freight
container. The airflow necessary to retrieve the waste from the SST and draw it into the slurry
tank is drawn through the AMS and the slurry tank by one or two liquid-ring vacuum pumps.
The airflow is exhausted from the vacuum pumps into a water separator where the entrained
liquid is removed from the exhaust stream prior to its return to the SST being retrieved. The
water separator 1s also located in an ISO freight container aboveground.

Because waste is present in the slurry tank and the water separator during vacuum retrieval
operations, flammable gas buildup within these tanks could occur under steady-state conditions
if waste remained in the tanks for extended durations. Calculations of flammable gas generation
and accumuiation in the vacuum retrieval system slurry tank show that the flammable gas
concentration in the tank headspace could reach the 100% of the LFL within approximately

11 days if the tank were filled with the highest SST 200-series hydrogen generating waste with
no ventilation (RPP-17512, Flammable Gas Generation and Release Rate of the Pump Skid Tank
for the Sludge Retrieval of the C-200 Tanks). The frequency without controls of a steady-state
flammable gas deflagration in the slurry tank or water separator are qualitatively determined to
be “anticipated.”
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Induced and spontaneous GRE flammable gas hazards are also postulated in the vacuum system
slurry tank and water separator. In one postulated scenario, flammable gases retained in the SST
waste are vacuumed into the slurry tank or water separator. However, considering the retained
gas characteristics in the SST waste and the inherent dilution that occurs during the vacuum
retrieval process, the frequency of this accident scenario was qualitatively estimated as
“extremely unlikely.” Induced and spontancous GREs from waste present in the slurry tank and
water separator were also postulated. Because any retained gas originally present in the SST
waste is released as it is vacuumed into the vacuum retrieval system, it was qualitatively
determined to be “extremely unlikely” that waste present in the slurry tank or water separator
could build up sufficient retained gas that if suddenly released could cause a flammable gas
hazard (i.e., a flammable gas concentration in the slurry tank or water separator exceeding 100%
of the LFL).

The consequences of a flammable deflagration in the aboveground vacuum retrieval system
slurry tank or water separator are qualitatively determined to be bounded by the representative
SST flammable gas deflagration accident. In making this determination, the following factors
were considered.

e The quantity of respirable tank waste released by an SST flammable gas deflagration
bounds that from a flammable gas deflagration in an aboveground tank because:

— The estimated releases for the representative SST flammable gas deflagration
accident are assumed to be directly to the environment (i.e., there is no reduction
in the release assumed because the SSTs are located underground)

— For the SST dome collapse scenarios, the estimated SST releases are dominated
by releases from debris, included soil, falling back on the waste in the tank. This
release mechanism is not applicable for aboveground tanks

—~ The material at risk (MAR) is smaller for an aboveground tank, and the
aboveground flammable gas deflagration involves less energy than an SST
deflagration because the tank headspace (i.e., volume of hydrogen) is smaller.

» The waste in aboveground tanks is generally diluted with water, therefore, reducing the
ULD and SOF values. The waste surface in an aboveground tank is also generally a
liquid versus a solid and, therefore, the applicable ULD for a flammable gas deflagration
is a liquid which is significantly lower than the saltcake or sludge ULD.

e The lower atmospheric dispersion coefficients developed to account for the rapid venting
of SST releases are not applicable for the aboveground tanks. However, the largest
difference in the ground level, point source versus rapid venting (i.e., volume release)
atmospheric dispersion coefficients used in the SST flammable gas deflagration
consequence calculations is less than a factor of 10.

Based on the above estimated frequency and consequences, the resultant risk bins for steady-
state and GRE (induced and spontaneous) flammable gas deflagrations in the vacuum retrieval
system slurry tank and water separator are presented in Tables 2-39 and 2-40, respectively.
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Table 2-39. Risk Bins for a Steady-State Flammable Gas Deflagration in
the Vacuum Retrieval System Slurry Tank or Water Separator.

Receptor Frequency Consequence Risk bin
Omsite radiological Moderate I
Onsite toxicological Anticipated Moderate 1
Offsite toxicological Low I

Table 2-40. Risk Bins for a Gas Release Event Flammable Gas
Deflagration in the Vacuum Retrieval System Slurry Tank or Water

Separator.
Receptor Frequency Consequence Risk bin
Onsite radiological Moderate I
; . ; Extremely
Omnsite toxicological Unlikely Moderate 111
Offsite toxicological Low v
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3.0 CONTROL SELECTION

A series of six formal control decision meetings were held to select safety-significant SSCs
and/or TSRs for risk bins I and ¥l flammable gas hazardous conditions during the initial DSA
development. The control decision meetings were organized to address separately the steady-
state and GRE flammable gas hazards. Attendance sheets are provided in Appendix C.
Subsequently, control decision meetings have been held to support amendments to the DSA and
TSRs.

Controls were selected in accordance with control decision criteria established in:

» Title 10, Code of Federal Regulations, Part 830, Subpart B, “Nuclear Safety
Management” (10 CFR Part 830)

+ DOE-STD-3009-94, Preparation Guide for U.S. Department of Energy Nonreactor
Nuclear Facility Documented Safety Analyses

» DOE G 421.1-2, Implementation Guide for Use in Developing Documented Safety
Analyses to Meet Subpart B of 10 CFR 830

» DOE G 423.1-1, Implementation Guide for Use in Developing Safety Requirements

+ Klein and Schepens (2003), “Replacement of Previous Guidance Provided by RL and
ORP.”

The control decision preference applied at the meetings can be summarized as follows:

Preventive controls over mitigative controls.
Passive controls over active controls,

Engineering controls over administrative controls.
Controls with the highest reliability.

Controls closest to the hazard.

The cost of implementation and maintenance of available controls was also considered as part of
control] selection.

Table 3-1 provides a summary of the selected TSRs and their associated safety function.
Defense-in-depth features have also been identified for some of the flammable gas representative
hazardous conditions, and are described in RPP-14821, Technical Basis Document for Defense-
in-Depth Features. Facility worker flammable gas hazardous conditions are evaluated for
controls as documented in RPP-14286, Facility Worker Technical Basis Document.
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Table 3-1. Summary of Technical Safety Requirements for Flammable Gas Accidents.

(2 sheets)

Technical safety requirement

Safety function

Transfer Leak Detection Systems

To ensure the operability of the transfer leak detection systems, thus
decreasing the frequency of a flammable gas accident (Note: The
safety function of the safety-significant transfer leak detection systems
is to detect the accumulation of waste leaked into a waste transfer-
associated structure and to provide an alarm signal to initiate operator
response, thus decreasing the frequency of a flammable gas accident)

DST Primary Ventilation Systems
(Steady-State Controls)

To ensure the DST primary ventilation system is operable, thus
decreasing the frequency of a flammable gas accident (Note: The
safety function of the safety-significant DST primary ventilation
systems is to maintain the concentration of flatnmable gases from
steady-state releases below the LFL in the DST headspace, thus
decreasing the frequency of a flammable gas accident)

SST Passive Ventilation Systems
(Steady-State Controls)

To maintain the concentration of flarunable gases from steady-state
releases below the LFL in the SST headspace, thus decreasing the
frequency of a flammable gas accident

Flammable Gas Controls — Steady-
state hazard conirols for non-DST/SST
tank farm facilities

To deciease the frequency of 2 flammabie gas accident

Flammable Gas Controls —
Spontanecus gas reiease hazard
controls

To decrease the frequency of a flammable gas accident

Flammable Gas Controls -
Induced gas release hazard controls

To decrease the frequency of a flammable gas accident

Flammable Gas Controls —
Waste-intruding equipment

To reduce the frequency of ignition sources, thus decreasing the
frequency of a flammable gas accident

Flammable Gas Controls — Ignition
source control requirements

To reduce the frequency of ignition sources, thus decreasing the
frequency of a flammable gas accident

Flammable Gas Controls — DST and
SST time te LFL determination

To ensure DST and SST waste conditions and characteristics are
maintained within the analyzed conditions for the steady-state controls,
thus decreasing the frequency of a flammable gas accident

Flammable Gas Controls — Waste gel
prevention

To prevent the formation of waste gel, thus decreasing the frequency of
a flammable gas accident
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Table 3-1. Summary of Technical Safety Requirements for Flammable Gas Accidents.
(2 sheets)

Technical safety requirement Safety function

Emergency Preparedness To verify that DST primary ventilation systems can perform their safety
fonction following significant, relevant natural events (e.g., seismic
events, high wind), thus decreasing the frequency of a flammable gas
accident

To decrease the consequences of a seismically-induced GRE flammable
gas accident

To take action for waste leaks into waste transfer-associated structures,
DCRTs, active catch tanks, or DST annuli to maintain the flammable
gas concentration in the structures, DCRTs, active catch tanks, or DST
annuli below the LFL or to reduce the frequency of ignition sources,
thus deceasing the frequency of a flammable gas accident.

Fire Protection To protect vehicle fuel systems from leaks caused by collisions with
tank structures and to prevent fuel leaks or spills into tanks during
fueling activities, thus decreasing the frequency of a flammable as

accident.
Transfer Controls — Operating To detect a waste leak or misroute into the annulus of a2 DST and alert
Requirements operators to take actions, thus decreasing the frequency of a flammable
*  Material balance gas accident
* DCRT and active catch tank level | To detect a waste leak into a DCRT or an active catch tank and alert
monitoring operators to take actions, thus decreasing the frequency of a flammable
gas accident '
¢  Transfer leak alarm monitoring To initiate operator response upon transfer leak detection system
and response alarms, thus decreasing the frequency of a flammable gas accident
Notes:

DCRT = double-contained receiver tank.
DST = double-shell tank.
GRE = gas release event.

HEPA = high-efficiency particulate air (filter).
LFL = lower flammability limit.
38T = single-shell tank.

3.1 CONTROL SELECTION FOR THE
STEADY-STATE FLAMMABLE GAS
HAZARD

This section addresses control selection for the steady-state flammable gas hazard. Two
documents, i.e., RPP-5926 and RPP-8050, analyze the flammable gas hazard in selected tank
farm facilities and were used in support of the control selection process. These documents
calculate the times to 25% and 100% of the LFL based on assumptions and input parameters
related to waste characteristics and tank ventilation conditions. The sensitivity of the
assumptions and input parameters used in these documents was assessed to determine whether or
not protection of a given assumption or input parameter was required. Tables 3-2 and 3-3
present the results of the assessment for RPP-5926 and RPP-8050, respectively.
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The following sections present the proposed and selected controls for the steady-state flammable
gas hazard associated with DSTs, DST annuli, SSTs, DCRTs, active catch tanks, inactive tanks,
Diversion Box 6241-A/Vent Station 6241-V, gasoline, waste-intruding equipment, and SST
retrieval/closure aboveground tanks.

3.1.1 Double-Shell Tanks
3.1.1.1 Proposed Controls to Prevent DST Steady-State Flammable Gas Accidents

Option 1. Specifically credit active headspace ventilation systems with maintaining flammable
gas concentrations < 25% of the LFL.

o Designate DST active ventilation systems as safety-significant SSCs.

o Prepare a limiting condition for operation (LCO) with defined mode and process
area applicability, surveillance frequencies, required actions, and action statement
completion times.

¢ Surveillance frequencies and action statement completion times based on times to
100% of the L¥L as calculated in RPP-5926.

This is essentially the control strategy that has been previously applied. Flammable
gas monitoring data collected to date document that active ventilation maintains
steady-state flammable gas concentrations well below 25% of the LFL.

Option 2. Credit headspace ventilation (either passive or active) with maintaining flammable
gas concentrations < 25% of the LFL, verify adequacy of ventilation via flammable
gas monitoring.

s Prepare an administrative control (AC) TSR (e.g., flammable gas control
program) requiring periodic monitoring of tank headspace to verify flammable
gas concentrations are < 25% of the LFL.

» Key program elements of the AC would identify required actions and completion
times if concentrations > 25% of the LFL were detected.

s Alternatively, key program elements could be documented in HNF-IP-1266,
Tank Farms Operations Administrative Controls.

» No specific ventilation system configuration explicitly credited, therefore, no
SSCs are designated as safety-significant. As documented in RPP-5926, some
DSTs do not reach 100% of the LFL under barometric breathing conditions,
passive ventilation is adequate to maintain some DSTs below 25% of the LFL.

Option 3. Provide active headspace ventilation to maintain flammable gas concentrations < 25%

of the LFL or periodically monitor to verify that the flammable gas concentration is
<25% of the LFL.

3-9




Option 4.

Option 5.

Option 6.

Option 7.

RPP-13510REV 3

This is a combination of Options 1 and 2, does not require performance of periodic
monitoring if active ventilation systems are operable, and does not require active
ventilation if periodic monitoring verifies flammable gas concentrations are < 25% of
the LFL.

Perform periodic monitoring to verify the flammable gas concentration is < 25% of
the LFL and credit active ventilation as being available.

o Prepare an AC TSR requiring periodic monitoring of the tank headspace to verify
flammable gas concentrations are < 25% of the LFL.

e Prepare an LCO requiring the active ventilation system to be operable. Define
operable as “capable of providing adequate ventilation.”

This option is analogous to the control strategy previously applied to the DST
241-AY-102 annulus ventilation system.

Credit passive ventilation with maintaining flammable gas concentrations < 25% of
the LFL.

e Maintain a defined passive ventilation flow path.

o Perform periodic flammable gas monitoring to collect sufficient data to venfy that
passive ventilation is adequate to maintain flammable gas concentrations < 25%
of the LFL, subsequently eliminate monitoring requirement.

Follow the National Fire Protection Association (NFPA) code requirements (e.g.,
< 25% of the LFL, explosion proof equipment, no ignition sources in the tank).

Credit standby active ventilation {either permanently installed or portable).

3.1.1.2 Proposed Controls to Protect Double-Shell Tank Analytical Assumptions

Flammable gas generation rates and flammability evaluations documented in RPP-5926 are
based on best-basis inventory (BBI) data as of a specific date. Waste transfers, water additions,
and chemical additions can potentially increase flammable gas generation rates and reduce the
headspace volume in which flammable gases collect. The analyses in RPP-5926 also base the
tank waste temperature on historical data. The following options were discussed relative to
possible controls to protect key analytical assumptions regarding waste volume and
characteristics.

Option 1.

Evaluate each planned waste transfer, water addition, or chemical addition to
determine impact on RPP-5926 analyses.

e Prepare an AC TSR requirement to verify prior to waste transfers or chemical

additions that the minimum time from 25% to 100% of the LFL remains greater
than the bounding condition analyzed in RPP-5926.

3-10
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This is essentially the control strategy that has been previously applied with the
requirement being a key element of the waste compatibility program.

Option 2. Periodically evaluate DSTs to verify that times in RPP-5926 remain bounding.

The following options were discussed relative to possible controls to protect key analytical
assumptions regarding tank waste temperature (note: mixer pump operation is not currently
authorized).

Option 1. Periodically review tank waste temperature data to detect increasing tank waste
temperature trends.

o Prepare an AC TSR requirement to periodically review tank waste temperature
data.

Option 2. Specifically credit DST ventilation systems with maintaining tank waste temperatures
within analyzed values.

o Designate DST ventilation systems as safety-significant SSCs.

o Prepare an LCO with defined mode and process area applicability, surveillance
frequencies, required actions, and action statement completion times.

Option 3. Revise RPP-5926, calculate flammablie gas generation rates based on steady-state
tank waste temperatures assuming no ventilation.

» Radiolysis and thermolysis function of the waste temperature to the third power.

o Will result in shorter times to 25% and 100% of the LFL with corresponding
impacts to pertodic monitoring frequencies, surveillances frequencies, and action
statement completion times.

3.1.1.3 Selected Controls to Prevent Double-Shell Tank Steady-State Flammable Gas
Accidents

The selected control to prevent steady-state flammable gas deflagrations in DSTs is an LCO
requiring the primary tank ventilation system to be operable (i.e., operating) except for outages
not to exceed 24 hr. It was the consensus of the control decision team that primary tank
ventilation systems should be designated as safety-significant SSCs. The selected control
requires the following surveillances: (1) surveillances to verify the primary tank ventilation
system is operable (this could be accomplished in different ways at different DST tank farms
depending on the ventilation system design), or (2) periodic monitoring of the flammable gas
concentration to verify it is £ 25% of the LFL. It was the consensus of the control decision team
that instruments used to perform flammable gas monitoring should not be safety-significant
SSCs but should meet the requirements of the AC addressing tank farm installed instrumentation.
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3.1.1.4 Selected Controls to Protect Double-Shell Tank Analytical Assumptions

The selected control to protect analytical assumptions is an AC addressing DST time to LFL
determinations.

The selected control requires periodic (not to exceed annually) confirmation of the completion
times and surveillance frequencies associated with the DST ventilation LCO.

3.1.2 Double-Shell Tank Annuli

As discussed in Section 2.1.2.3, waste can conceivably enter a DST annulus in two ways: (1) a
leak from the primary tank, or (2) a misrouting of a waste transfer into the annulus. The
following sections address controls for leaks from the primary tank. Controls to prevent the
misrouting of waste are documented in RPP-13750, Waste Transfer Leaks Technical Basis
Document (i.c., material balance).

3.1.2.1 Proposed Controls to Prevent Double-Shell Tank Annuli Steady-State Flammable
Gas Accidents

Option 1. Specifically credit the annulus leak detection system (either conductivity probe or
: buoyancy type instrument) or the annulus continuous air monitor (CAM) system with
detecting the presence of waste in the annulus.

e Designate these systems as safety-significant SSCs.

e Prepare an LCO with defined mode and process area applicability, surveiilance
frequencies, required actions, and action statement completion times.

o Surveillance frequencies and action statement completion times based on time to
100% of the LFL as calculated by RPP-8050.

This option is essentially the control strategy that has been previously applied.
Option 2. Same as Option 1, but specifically credit the annulus leak detection system only.

This option was the control strategy agreed upon at control decision meetings held in
May 2001 in support of control optimization efforts.

Option 3. Provide annulus leak detection to detect presence of waste in annulus, periodically
verify that the system is operable and not alarming,.

o Prepare an AC TSR requiring periodic verification.

» Key program elements of the AC would identify required actions and completion
times if the leak detection system was inoperable or alarming.

o Alternatively, key program elements could be documented in HNF-IP-1266.
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Option 4, Credit the environmental protection/regulatory compliance program.

e Consent decree establishes regulatory requirements for primary tank leak
detection that include both the conductivity probe or buoyancy type instruments
and the annulus CAM system.

Option 5. Periodically monitor the flammable gas concentration in the annulus.
Option 6. Periodically monitor the primary tank level.
3.1.2.2 Proposed Controls to Protect Double-Shell Tank Annuli Analytical Assumptions

It was proposed, and the control decision team concurred, that a control to protect analytical
assumptions was not required. This decision was based on the fact that assumptions related to
waste types and volumes in RPP-8050 are reasonably conservative, and that calculations
assuming zero ventilation show that, for relatively small leaks (i.e., approximately 8,000 gal), the
times to LFL are sufficiently long (i.e., > 4 yr) that the zero ventilation condition can reasonably
be disregarded.

3.1.2.3 Selected Controls to Prevent Double-Shell Tank Annuli Steady-State Flammable
Gas Accidents

The selected control to prevent steady-state flammable gas accidents in DST annuli is either the
implementation of a concentration control point of < 25% of the LFL or the implementation of
ignition controls at all times. If selected, flammable gas concentration controls shall be
monitored on a frequency to ensure that appropriate actions are taken for conditions > 25% of the
LFL.

Any combination of controls may be used to remain < 25% of the LFL. Based on calculations in
RPP-8050, given barometric breathing conditions, one acceptable means of meeting the
concentration control point is primary tank waste level monitoring.

3.1.3 Single-Shell Tanks

3.1.3.1 Proposed Controls to Prevent Single-Shell Tank Steady-State Flammable Gas
Accidents

Option 1. Specifically credit passive ventilation systems (i.c., breather filter isolation valve
open) with maintaining flammable gas concentrations < 25% of the LFL.

» Designate SST passive ventilation systems (i.¢., isolation valves) as
safety-significant SSCs.

o Prepare an LCO with defined mode and process area applicability, surveillance
frequencies, required actions, and action statement completion times.

» Surveillance frequencies and action statement completion times based on time to
100% of the LFL as calculated by RPP-5926.
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This is essentially the control strategy that has been previously applied. Flammable
gas monitoring data collected to date documents passive ventilation maintains
steady-state flammable gas concentrations well below 25% of the LFL.

This option is the same as Option 1, but without designating isolation valve as a
safety-significant SSC.

o The requirement is simply that the valve be open thereby providing a known
pathway for passive ventilation.

Specifically credit passive ventilation systems (i.e., breather filter isolation valve
open) with maintaining flammable gas concentrations < 25% of the LFL.

o Prepare an AC TSR (e.g., flammable gas control program) requiring periodic
verification that the breather filter 1solation valve is open.

o Key program elements of the AC would identify required actions and completion
times if 1solation valve found closed.

» Alternatively, key program elements could be documented in HNF-IP-1266.

Credit headspace ventilation (either passive or barometric breathing) with
maintaining flammable gas concentrations < 25% of the LFL, verify adequacy of
ventilation via flammable gas monitoring.

o Prepare an AC TSR (e.g., flammable gas control program) requiring periodic
monitoring of tank headspace to verify flammable gas concentrations are < 25%
of the LFL.

» Key program elements of the AC would identify required actions and completion
times 1f concentrations > 25% of the LFL were detected.

» Alternatively, key program elements could be documented in HNF-IP-1266.

Provide passive headspace ventilation to maintain flammable gas concentrations
< 25% of the LFL or periodically monitor the flammable gas concentration to verify
the flammable gas concentration is < 25% of the LFL.

» This is a combination of Options 1 and 4, and does not require performance of
pertodic monitoring if passive ventilation systems are operable (e.g., isolation

valve open).

Re-analyzed flammability taking credit for hydrogen diffusion through the concrete
dome.

o Calculations could potentially demonstrate that 100% of the LFL cannot be
reached even under zero ventilation conditions.
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3.1.3.2 Proposed Controls to Protect Single-Shell Tank Analytical Assumptions

At the control decision meeting, it was proposed that no protection of analytical assumptions was
required because the analysis in RPP-5926 assumes zero ventilation, and because there are no
currently authorized activities that could result in an increase in the flammable gas generation
rate. It was subsequently proposed that SSTs be periodically evaluated to verify that times in
RPP-5926 remain bounding.

3.1.3.3 Selected Controls to Prevent Single-Shell Tank Steady-State Flammable Gas
Accidents

The selected control to prevent steady-state flammable gas deflagrations in SSTs is an LCO
requiring either that the HEPA breather filter isolation valve is open or verification that the tank
headspace flammable gas concentration is < 25% of the LFL. It was the consensus of the control
decision team that the isolation valve should not be designated as a safety-significant SSC as the
requirement was simply that the valve be open. It was further discussed that the valve may be
closed for planned activities (e.g., maintenance, filter testing) for a time period judged to be a
small fraction of the time required for the flammable gas concentration to increase by 25% of the
LFI.. The selected control requires only one surveillance, i.e, verification that the valve 1s open
(i.e., the valve handle is in the fully open position) or verification that the flammable gas
concentration is < 25% of the LFL. The frequency of performing this surveillance should be
based on the time it takes for the flammable gas concentration to increase by 25% of the LFL (as
documented in RPP-5926).

3.1.3.4 Selected Controls to Protect Single~-Shell Tank Analytical Assumptions

The selected control requires pertodic (not to exceed annually) confirmation of the completion
times and surveillance frequencies associated with the SST ventilation LCO.

3.1.4 Double-Contained Receiver Tanks

3.1.4.1 Proposed Controls to Prevent Double-Contained Receiver Tank Steady-State
' Flammable Gas Accidents

Option 1. Specifically credit DCRT purge air systems with maintaining flammable gas
concentrations < 25% of the LFL.

o Designate DCRT purge air systems as safety-significant SSCs.

o Prepare an LCO with defined mode and process area applicability, surveillance
frequencies, required actions, and action statement completion times.

» Surveillance frequencies and action statement completion times based on time to
100% of the LFL as calculated by RPP-4941.

This is essentially the control strategy that has been previously applied.
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Option 2. Credit purge air systems with maintaining flammable gas concentrations < 25% of the
LFL.

e Prepare an AC TSR (e.g., flammable gas control program) requiring periodic
verification that the inlet air supply is adequate.

o Key program elements of the AC would identify required actions and completion
times if isolation valve found closed.

¢ Alternatively, key program elements could be documented in HNF-IP-1266.

Option 3. Credit purge air systems or passive ventilation with maintaining flammable gas
concentrations < 25% of the LFL, verify adequacy of ventilation via flammable gas
monitoring.

o Prepare an AC TSR (e.g., flammable gas control program) requiring periodic
monitoring of DCRT headspace to verify flammable gas concentrations are
<25% of the LFL.

e Key program elements of the AC would identify required actions and completion
times 1f concentrations > 25% of the LFL were detected.

o Alternatively, key program elements could be documented in HNF-IP-1266.

3.1.4.2 Proposed Controls to Protect Double-Contained Receiver Tank Analytical
Assumptions

At the control decision meeting, it was proposed that no protection of analytical assumptions was
required because the assumptions in RPP-4941, Methodology for Predicting Flammable Gas
Mixtures in Double-Contained Receiver Tanks, related to waste characteristics and volumes were
reasonably conservative, and because no efforts have been made to isolate the tanks such that the
barometric breathing assumption was reasonable. It was subsequently proposed that calculations
in RPP-4941 be replaced with new calculations documented in RPP-8050 that assume zero
ventilation and apply revised waste compositions. It was further proposed that the assumed
waste level in the tanks (which affects both the flammable gas generation rate and headspace
volume) be protected.

3.1.4.3 Selected Controls to Prevent Double-Contained Receiver Tank Steady-State
Flammable Gas Accidents

The selected control to prevent steady-state flammable gas accidents in DCRTs is either the
implementation of a concentration control point of < 25% of the LFL or the implementation of
ignition controls at all times. If selected, flammable gas concentration controls shall be

monitored on a frequency to ensure that appropriate actions are taken for conditions > 25% of the
LFL.

Any combination of controls may be used to remain < 25% of the LFL. One acceptable means
of meeting the concentration control point is to provide a purge airflow rate of 2 ft*/h to DCRT
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244-BX and 1 ft*/h to DCRTs 244-S and 244-TX. Calculations in RPP-8050 demonstrate that
these rates are adequate to maintain flammable gas concentrations below 25% of the LFL. It was
also the consensus that the DCRT purge air systems be designated as safety-significant for this
control. The safety function of the DCRT purge air system is to maintain the concentration of
flammable gas from steady-state releases below the LFL in the DCRT headspace, thus
decreasing the frequency of a flammable gas accident.

3.1.4.4 Selected Controls to Protect Double-Contained Receiver Tank Analytical
Assumptions

No controls were selected to protect analytical assumptions, but Table 3-3 identifies analytical
assumptions that are protected by TFC procedures.
3.1.5 Active Catch Tanks

3.1.5.1 Proposed Controls to Prevent Active Catch Tank Steady-State Flammable Gas
Accidents

Option 1. Periodically monitor the waste level in catch tanks.

¢ Establish an AC TSR (e.g., catch tank level monitoring program) that requires
periodic monitoring of waste levels.

o Ifthe level exceeds that at which flammable gas could accumulate to 100% of the
LFL, then periodically monitor flammable gas concentration to verify <25% of
the LFL or take actions that prevent the flammable gas concentration from
exceeding the LFL (e.g., provide active ventilation, transfer waste out of tank).

This was the control strategy agreed upon at control decision meetings held in
May 2001 in support of control optimization efforts.

Option 2. Provide adequate ventilation (either active or passive) to maintain flammable gas
concentrations < 25% of the LFL.

» Designate ventilation systems as safety-significant SSCs.

o Prepare an LCO with defined mode and process area applicability, surveillance
frequencies, required actions, and action statement completion times.

o Surveillance frequencies and action statement completion times based on time to
100% of the LFL as calculated by RPP-8050.

Option 3. Pertodically monitor the flammable gas concentration to verify concentrations are
< 25% of the LFL.

o Prepare an AC TSR requiring periodic monitoring of tank headspace to verify
flammable gas concentrations are < 25% of the LFL.
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o Key program elements of the AC would identify required actions and completion
times if concentrations > 25% of the LFL were detected.

e Alternatively, key program elements could be documented in HNF-IP-1266.
3.1.5.2 Proposed Controls to Protect Active Catch Tank Analytical Assumptions

At the control decision meeting, it was proposed that no protection of analytical assumptions was
required because the analysis in RPP-8050 related to waste characteristics and volumes were
reasonably conservative, and because no efforts have been made to isolate the tanks such that the
barometric breathing assumption was reasonable. It was subsequently proposed that the
barometric breathing assumption be protected. If less than barometric breathing is provided, the
LFL could be reached for lower waste levels.

3.1.5.3 Selected Controls to Prevent Active Catch Tank Steady-State Flammable Gas
Accidents

The selected control to prevent steady-state flammable gas accidents in active catch tanks is
either the implementation of a concentration control point of < 25% of the LFL or the
implementation of ignition controls at all times. Any combination of controls may be used to
remain < 25% of the LFL. Flammable gas concentration controls shall be monitored on a
frequency to ensure that appropriate actions are taken for conditions > 25% of the LFL.

'3.1.54 Selected Controls to Protect Active Catch Tank Analytical Assumptions

No controls were selected to protect analytical assumptions, but Table 3-3 identifies analytical
assumptions that are protected by TFC procedures.

3.1.6 Inactive Tanks

3.1.6.1 Proposed Controls to Prevent Inactive Tank Steady-State Flammable Gas
Accidents

Option 1. Provide (or verify) adequate ventilation to maintain flammable gas concentrations
< 25% of the LFL.

o Designate ventilation systems as safety-significant SSCs.

o Prepare LCOs with defined mode and process area applicability, surveillance
frequencies, required actions, and action statement completion times.

o Surveillance frequencies and action statement completion times to be based on
time to 100% of the LFL.

This option requires flammability evaluations to define adequate ventilation.

Option 2. Apply ignition source controls and monitor the flammable gas concentration to verify
concentrations are < 25% of the LFL.
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o Apply ignition source controls to permanently installed equipment and activity-
related equipment and material (until entry monitoring requirements are satisfied).

o Prepare an AC TSR requiring monitoring of tank headspace to verify flammable
gas concentrations are < 25% of the LFL prior to commencing manned work
activities.

o Key program elements of the AC would identify required actions and completion
times if concentrations > 25% of the LFL were detected.

s Alternatively, key program elements could be documented in HNF-IP-1266.

Option 3. Require adequate ventilation or apply ignition and monitoring controls as
compensatory measures until ventilation is provided or verified.

3.1.6.2 Proposed Controls to Protect Inactive Tank Analytical Assumptions

At the control decision meeting, it was proposed that no protection of analytical assumptions was
required because the proposed controls were not based on any specific analyses. It was
subsequently proposed that transfers of any material into or within the 244-CR Vauit be
prohibited to protect the assumption that the tanks in the vault are inactive.

3.1.6.3 Controls Selected to Prevent Inactive Tank Steady-State Flammable Gas
Accidents

The selected control to prevent steady-state flammable gas accidents in inactive tanks is either
the implementation of a concentration control point of <25% of the LFL or the implementation
of ignition controls at all times. Any combination of controls may be used to remain < 25% of
the LFL. The flammable gas concentrations controls shall be monitored on a frequency to ensure
that appropriate actions are taken for conditions > 25% of the LFL.

3.1.6.4 Controls Selected to Protect Inactive Tank Analytical Assumptions

No controls were selected to protect analytical assumptions.

3.1.7 Diversion Box 6241-A/Vent Station 6241-V

As discussed in Section 2.2.2.10, a flammable gas hazard potentially exists in Diversion Box
6241-A and Vent Station 6241-V given a transfer line failure that results in the accumulation of a
large volume of waste. It was proposed, and the control decision team concurred, that transfer
controls for the detection of waste leaks {as documented in RPP-13750) coupled with an AC
emergency preparedness program requirement to take corrective actions given a leak is detected,
adequately controls the flammable gas hazard in these structures. Although the risk binning was
specific to Diversion Box 6241-A and Vent Station 6241-V, the control decision team
determined that the transfer leak controls and emergency preparedness program requirement
should be applied to all waste transfer-associated structures.
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3.1.8 Gasoline Fuel

3.1.8.1 Proposed Controls to Prevent Gasoline Fuel Steady-State Flammable Gas
Accidents

Option 1. Establish vehicle controls.
o Prepare an AC TSR that:

1. Limits vehicle access within tank farms to those vehicles with protected fuel
systems.

2. Requires physical barriers to be established around tank structures located
outside of tank farm boundaries and limits access inside physical barriers to
vehicles with protected fuel systems.

3. Establishes speed limits within tank farms.
This is essentially the control strategy that has been previously applied.
Option 2. Prevent vehicles from entering tank farms.
3.1.8.2 Proposed Controls to Protect Gasoline Fuel Analytical Assumptions

It was proposed, and the control decision team concurred, that no protection of analytical
assumptions was required because both gasoline and diesel fuels were considered, and because
the capacity of the fuel tank is assumed to provide sufficient fuel to reach flammable
concentrations.

3.1.8.3 Selected Controls to Prevent Gasoline Fuel Steady-State Flammable Gas Accidents

The control selected to prevent flammable gas deflagrations in DSTs and SSTs resulting from
vehicle gasoline spills is a fire protection program that: (1) limits access inside tank farm
boundaries to vehicles with protected fuel systems, and (2) requires physical barriers around tank
structures located outside tank farm boundaries; access inside the physical barriers is limited to
vehicles with protected fuel systems. The fire protection program also controls the storage,
transport, and transfer of flammable or combustible liquids or fuels within the tank farm
boundaries and within the physical barriers established around tank structures outside tank farm
boundaries.

The control decision team discussed what constitutes a “physical barrier.” Acceptable examples
include chain-link fencing, metal interlocking rail systems, concrete or concrete fill piping posts,
concrete barriers, etc. The purpose of the barriers is to restrict vehicle access, not necessarily to

prevent it under all conceivable scenarios.

The control decision team also determined that physical barriers are not required for RCTS
Diversion Box 6241-A and Vent Station 6241-V because these structures are of a size and

3-20




RPP-13510 REV 3

construction that a vehicle impact would not result in an accumulation of fuel within one of the
structures.

3.1.9 Waste-Intruding Equipment

As discussed in Section 2.1.2.5, the risk binning team qualitatively determined that a deflagration
in waste-intruding equipment could result in significant facility worker consequences (i.€., a
prompt fatality or serious injuries or significant radiological or chemical exposures). Although
worker safety is addressed in a separate document, i.e., RPP-14286, the control decision team
selected as a control an AC requiring the application of ignition controls at all times inside
waste-intruding equipment. This control is applicable to waste-intruding equipment in all waste
containing structures (e.g., SSTs, DSTs, DCRTs, IMUSTs).

3.1.10 Single-Shell Tank Retrieval/Closure
Aboveground Tanks

3.1.10.1 Single-Shell Tank Vacuum Retrieval Systems

A steady-state flammable gas hazard could occur in the vacuum retrieval system slurry tank and
water separator if waste remained in the vessels for extended durations. An existing TSR
established for controlling steady-state flammable gas hazards in non-DST/SST tank farm
facilities applies to the vacuum retrieval system slurry tank and water separator. This control
requires either flammable gas concentration controls with a control point of < 25% of the LFL or
ignition controls. The selected control for the vacuum retrieval system slurry tank and water
separator 1s 1gnition controls. Flammable gas concentration controls (i.¢., active ventilation,
flammable gas monitoring) were considered, but not selected because ignition controls are
judged to be sufficient for preventing a steady-state flammable gas accident in the vacuum
retrieval system slurry tank and water separator.

3.2 CONTROL SELECTION FOR THE GAS
RELEASE EVENT FLAMMABLE GAS
HAZARD

The GRE hazard has been extensively investigated in support of watch list tank closure and
control optimization efforts. Several technical documents have been prepared that form the basis
for understanding the GRE hazard and selecting controls. These documents include:

» RPP-7771, Flammable Gas Safety Issue Resolution

s RPP-6655, Data Observations on Double-Shell Flammable Gas Watch List Tank
Behavior

~ RPP-7249, Data and Observations of Single-Shell Flammable Gas Watch List Tank
Behavior
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¢ RPP-10006, Methodology and Calculations for the Assignment of Waste Groups for the
Large Underground Waste Storage Tanks at the Hanford Site

e RPP-10007, Flammable Gas Release Calculational Methodology and Results for Active
Catch Tanks and DCRTs

o PNNL-13781, Effects of Globally Waste-Disturbing Activities on Gas Generation,
Retention, and Release in Hanford Waste Tanks

e PNNL-13782, Analysis of Induced Gas Releases During Retrieval of Hanford
Double-Shell Tank Waste

¢ PNNL-14271, Flammable Gas Release Estimates for Modified Sluicing Retrieval of
Waste from Selected Single-Shell Tanks.

RPP-10006 is a key document in that it estimates the quantity of retained gas in DSTs and SSTs
and consequently the quantity available for release given either a spontaneous or induced GRE.
The sensitivity of the assumptions and input parameters used in RPP-10006 were assessed to
determine whether or not protection of the assumptions or input parameters was required.

Table 3-4 presents the results of the assessment.
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In contrast to other control decision meetings, at the GRE flammable gas hazard control decision
meetings various control options were not presented and discussed by the control decision team.
Instead, a relatively mature control strategy, developed over several years and based upon the
technical reports listed in Section 3.2, was presented to the team for consideration, refinement,
and concurrence.

3.2.1 Single-Shell Tank and Double-Shell Tank Waste
Group Designation Definitions

The following waste group designation definitions are from RPP-10006.

Waste Group A: Tanks with a potential spontaneous buoyant displacement gas release event
(BDGRE) flammable gas hazard in addition to a potential induced GRE flammable gas hazard.
That is, tanks that are:

1. Conservatively estimated to contain sufficient retained gas to achieve 100% of the LFL 1f
all of the retained gas is released into the tank headspace, and

2. Determined or predicted to exhibit spontaneous BDGRE behavior.

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

Note: Potential induced GRE flammable gas hazards exist in Waste Group B (and A) tanks only
for specific operations that can release the retained gas in the tank at a rate and quantity
that results in reaching 100% of the LFL in the tank headspace.

Waste Group C: Tanks with no potential GRE flammable gas hazard. That is, tanks that are

conservatively estimated to contain insufficient retained gas to achieve 100% of the LFL even if
all of the retained gas is released into the tank headspace.

3.2.2 Single-Shell Tank and Double-Shell Tank Waste
Group Designation Selection Criteria

The selection criteria for determining waste group designations A, B, and C for DSTs and SSTs
are shown in Table 3-5. The waste group selection methodology is described in RPP-10006.

A controlled list of waste group designations for DSTs and SSTs are maintained based on the
Table 3-5 criteria and the methodology documented in RPP-10006.
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Table 3-5. Criteria for Tank Waste Group Designation.

Criteria Tank waste characteristics Waste group

1 The volume of retained gas in the solids If Criterion 1 is met, then designate the tank as
saturated with liquid ts insufficient to make Waste Group C.

the tank headspace flammable if the gas
contained therein is all released into the tank
headspace.

If Criterion 1 is not met, then go to Criterion 2

2 The depth of the liquid layer over the settled | If Criterion 1 is not met but Criterion 2 is met,
solids does not provide sufficient potential then designate the tank as Waste Group B.
energy to create the possibility of a gas
release during a buoyant displacement event.

The criterion is: The Energy Ratio is < 3.

If Criteria 1 and 2 are not met, then go to Criterion 3

3 The tank waste characteristics do not create If Criteria 1 and 2 are not met but Criterion 3 is
the possibility of a buoyant displacement met, then designhate the tank as Waste Group B.
event.

If Criteria 1, 2, and 3 are not met, then designate
The criterion is: The Buoyancy Ratio is < 1. | the tank as Waste Group A.

3.2.3 Spontaneous Gas Release Hazard Controls

The control setected for the spontaneous GRE hazard is the application of ignition controls at all
times in the tank headspace and in connected enclosed spaces directly above any tank farm
facility that can spontaneously release sufficient gas to achieve a flammable gas concentration

> 100% of the LFL.

3.2.4 Induced Gas Release Hazard Controls

The control selected for the induced GRE hazard is the implementation of a flammable gas
concentration control point of < 25% of the LFL for all tank farm facilities during activities that
can induce a gas release which can achieve 100% of the LFL without the use of flammable gas
concentration controls. Flammable gas concentration controls shall be monitored on a sufficient
frequency to ensure that appropriate actions are taken for conditions > 25% of the LFL.

Any combination of flammable gas concentration controls may be used to maintain the
flammable gas concentration < 25% of the LFL. Flammable gas concentration controls are to be
documented in a process control plan such that the flammable gas concentration is maintained
<25% of the LFL. A process control plan is not required for saltwell pumping based on
operational experience.

3.2.5 Ignition Source Controls

Both the steady-state and GRE flammable gas hazard controls strategies include the application
of ignition controls. A control was selected requiring the establishment of ignition source
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control requirements consistent with National Fire Protection Association (NFPA) requirements.
The TFC Chief Engineer shall be the approval authority for equivalency.

3.2.6 Waste Gel

One additional flammable gas release event control is required to prevent waste gel formation in
the tank farms (e.g., phosphate precipitation as trisodium phosphate dodecahydrate
[NayPQ4*12H;0+0.25NaOH]). As described in RPP-23584, Safety Evaluation of Waste Gel in
the Tank Farms, waste gel prevention is required because of uncertainty concerning flammable
gas retention and release behavior in a waste gel layer and, therefore, in the applicability of the
spontaneous and induced GRE models that provide the basis for the flammable gas release
hazard controls presented in the following sections. The control requires that waste conditions
are maintained to prevent the precipitation of a gel (i.e., that waste conditions are maintained
below the solubility limit of components of the waste that could precipitate as a gel).
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4.0 RISK BINNING RESULTS WITH CONTROLS

Tables 4-1 and 4-2 present the risk bin results applying the controls identified in Chapter 3.0.
Results are presented for the DST and SST representative accidents and those associated
hazardous conditions that were risk bins I or 11 without controls. In general, the controls are
qualitatively credited with reducing the accident frequency by one frequency bin, i.e., from
“anticipated” to “unlikely,” or from “unlikely” to “extremely unlikely.”

Taking credit for the reduction in frequency reduces the risk bins to either Risk B Il or

Risk Bin TV with four exceptions: (1) a headspace deflagration in a DST due to an induced
GRE,; (2) a headspace deflagration in an SST due to an induced GRE; (3) a steady-state
flammable gas deflagration in an inactive tank; and (4) a steady-state flammable gas deflagration
it the vacuum retrieval system shurry tank and water separator. In all four cases, except for
IMUSTSs that are steel tanks and that were sealed when interim stabilized where the risk bin
remains I, the combination of an “unlikely” frequency and a “moderate” onsite radiological
and/or toxicological consequence results in Risk Bin IL

For operationally induced GREs in DSTs and SSTs, the control strategy requires the
implementation of a concentration control point of < 25% of the LFL during those activities that
can induce a gas release which can achieve 100% of the LFL. This control requires flammable
gas concentration controls (e.g., active or manually configured passtve ventilation, process
controls, flammable gas monitoring and proceduralized actions) monitored on a sufficient
frequency to ensure that appropriate actions are taken for conditions > 25% of the LFL. Such
actions include stopping the activities and removing ignition sources. This combination of
controls and actions provides multiple layers of defense against a headspace deflagration.

For steady-state flammable gas deflagrations in inactive tanks, the selected control is the
implementation of ignition controls and flammable gas entry monitoring requirements
established by the industrial safety program. For IMUSTS that are steel tanks and that were
sealed when interim stabilized in the mid-1980s, the risk bin remains I (i.e., “anticipated”
frequency and “moderate” onsite radiological and toxicological consequences) even with
controls. This is judged to be an acceptable risk until ventilation or diffusion is verified to
prevent the steady-state flammable gas hazard.

For steady-state flammable gas deflagrations in the SST vacuum retrieval system slurry tank and
water separator, the selected control is the implementation of ignition controls. Ignition controls
are judged to be acceptable because ignition sources are limited and the conditions required for a
flammable gas hazard (i.e., prolonged shutdown of vacuum retrieval system operations without
draining the slurry tank or water separator) are not expected.
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Consequences Risk bin
= . = = w =
.2 -1 -2 -2 -] -2 U ‘2 '2
Postulated accident 2@ | 2% @ St | W] ST
Frequency | 22 | 23 | 835 | 23 | €S| &5
e 02 | CE8 |05 | 08| O3
] » e -1 » »
- g s = 2 2
Representative Accident 04: Headspace
deflagration due to steady-state
accumulation of flammable gas or a EU L L M v v I
spontaneous GRE
Headspace deflagration due to an induced U L L M A 1 I
GRE
Annulus deflagration EU L L M v v I
Gasoline fuel deflagration EU L L M v v I

Notes.
EU =  extremely unlikely.
GRE = gasrelease event.
L = low.
M = moderate.
U = unlikely.
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Table 4-2. Single-Shell Tank Flammable Gas Risk Binning Results with Controls.

Consequences Risk bin
[0 § @ § o E [ ‘g: o g @ ;
Postulated accident sl =Y 2P|l =2 £ =
Frequency | £2 '\ 235 | 85| 85 | €5 E%
OCg |Og | Q& |OC5 | C2|Q 2
g 2 2 = g| &
Representative Accident 05: Headspace
deflagration due to steady-state accumulation of EU M L M I 1v HI
flarnmable
Headspace deflagration due to an induced GRE U M L M §1 11 II
Deflagration in a double-contained receiver tank EU M L M I v I
Deflagration in an active catch tank EU M L M I v HI
Deflagration in an inactive tank A¥* M L M I* m I*
Deflagration in a diversion box/vent station EU M L M I IV IIT
Gasoline fuel deflagration EU M L M I1I v I
Deflagration in SST retrieval/closure U M L M 1 11 I
aboveground tanks
Notes:

*The frequency is “anticipated” and the risk bin is 1 for IMUSTs that are steel tanks and that were sealed when interim

stabilized in the mid-1980s,
A = anticipated.
EU = extremely unlikely.
GRE = gas release event.

L = low.
M = moderate.
U = unlikely.
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APPENDIX B

RADIOLOGICAL AND TOXICOLOGICAL CONSEQUENCE SCOPING
CALCULATIONS FOR FLAMMABLE GAS ACCIDENTS

This appendix contains scoping calculations performed to support the qualitative assignment of
consequence levels (i.e., low, moderate, or high). Consequence levels are combined with
frequency estimates to determine the risk bin of a given hazardous condition.

Scoping calculations were performed to estimate the onsite radiological consequences and onsite
and offsite toxicological consequences for headspace deflagrations in double-shell tanks (DST)
and single-shell tanks (SST), and for a headspace detonation in a DST. Scoping calculations for
a detonation in an SST were not performed as such an event was qualitatively determined by the
risk binning team to be “beyond extremely unlikely.”

B.1 DOUBLE-SHELL TANK DEFLAGRATION
B.1.1 INPUT PARAMETERS

B.1.1.1  Quantity of Respirable Material Released

The radiological and toxicological consequences of a headspace deflagration in a DST are a
function of the quantity of tank waste released by the deflagration, which in turn is a function of
the tank failure mode. As documented in WHC-SD-TWR-RPT-003, DELPHI Expert Panel
Evaluation of Hanford High Level Waste Tank Failure Modes and Release Quantities, at internal
pressures in the range of 55 to 60 Ib/in® gauge the steel liner of a DST primary tank will fail
along a transition weld located at a 6 ft radius from the dome center. The energy of the
high-pressure air at failure is such that part of the concrete and soil overburden above the center
6-ft radius of the primary tank could blow out. At pressures below 55 to 60 Ib/in” gauge, the
primary tank could bulge, lifting the entire concrete dome and side walls. At still lower

. pressures, there may be no tank damage because the pressure could be relieved through the
primary tank ventilation system and other pathways (e.g., via risers).

Considerable uncertainty exists in estimating the mass and particle size distribution of tank waste
that would become airborne given a deflagration in a DST.

Table B-1 summarizes the estimated quantities of respirable material released assuming no tank
damage, dome failure, and dome collapse based on various modeling techniques. The risk
binning team judged that Case 4 provided the most robust release estimate as it represented the
aggregate best estimate of 9 subject matter experts. The respirable material released from the
tank is assumed to be supernatant. DST waste phases include supernatant, saltcake liquids and
solids, and sludge liquids and solids. These waste phases are stratified within the tanks due to
density differences and process histories with the sludge at the bottom, covered by saltcake,
covered typically by supernatant (some DSTs have a floating crust layer that covers, or partially
covers, the supernatant).
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Table B-1. Respirable Releases as a Function of
Double-Shell Tank Failure Scenario.

Respirable release
Case DST faiture scenario (L) DST
supernatant
1 No tank damage-1 0.39
2 No tank damage-2 0.3
3 Dome failure-1 0.7
4 Dome failure-2 0.7
5 Dotme collapse - 43
Note:
DST = double-sheil tank.

Case 1 assumes a deflagration occurs that pressurizes but does not damage the tank, 1.e., there 1s
no dome failure or collapse. The (.39 L value is derived from WHC-SD-WM-TI-753, Summary
of Flammable Gas Hazards and Potential Consequences in Tank Waste Remediation System
Facilities at the Hanford Site. A pressure of 60 Ib/in’ gauge is assumed based on the predicted
pressures at which DST primary tank failure occurs. It is assumed that the headspace inventory
consists of 0.13 L due to aerodynamic entrainment (dry powder correlation at a 20 mv/s flame
speed) and a precombustion headspace loading of 0.39 L. The ventilation system loading
contributes 0.001 L to the release (note that RPP-13437, Technical Basis Document for
Ventilation System Filtration Failures Leading to an Unfiltered Release, calculates a
contribution of 0.018 from the ventilation system, but the analysis is not sensitive to this
difference). At a pressure of 60 lb/in® gauge, approximately 75% of the material in the
headspace will be released via unfiltered pathways as the headspace blows down and returns to
atmospheric pressure. The respirable release is thus:

[0.75 x (0.13 + 0.39) + 0.001]L = 0.39 L DST supernatant.

Case 2 also assumes a deflagration occurs that pressurizes but does not damage the tank. The
0.3 value is derived from HNF-2577, Flammable Gas Project Expert Elicitation Results for
Hanford Site Double-Shell Tanks. Tn HNF-2577, an expert clicitation process was used to
estimate the mass of respirable material suspended in the headspace of a DST by a deflagration
that causes high-efficiency particulate air (HEPA) failure but that does not cause dome failure.
Nine different experts applied various modeling techniques to estimate the respirable mass of
material released and an associated uncertainty distribution. The aggregate median value was
approximately 0.4 kg. Based on best-basis inventory (BBI) data as reported in RPP-5926,
Steady-State Flammable Gas Release Rate Calculation and Lower Flammability Level
Evaluation for Hanford Tank Waste, Table A-1, the density of DST supernatant ranges from

1.1 g/mlto 1.5 g/ml. The DST supernatant with the highest applicable unit-liter dose (ULD) (see
Section B.1.1.3) is associated with DST 241-AN-107. The supernatant in this tank has a density
of approximately 1.4 g/ml. Applying this density yields a respirable release of approximately
03 L
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Case 3 is based on evaluations contained in WHC-SD-TWR-RPT-003 and assumes a pressure
high enough to open the tank in a “can-opener” manner and blow much of the debris and soil
overburden off the opened center region of the dome. Material sources included the inventory of
material present in the tank headspace at all times, airborne activity from activities being
performed in the tank at the time of a deflagration, liquid splashed from the impact of the solid
debris on the liquid surface, and liquid sheared from the surface by aerodynamic entrainment.
The estimated total amount of material to be released was 0.2 kg. Because of a lack of a
dynamic model and other assumptions and uncertainties, WHC-SD-TWR-RPT-003 estimates the
uncertainty on this value to be at least a factor of 2 to 5 for an upper estimate of 1 kg or, applying
a density of 1.4 g/ml, 0.7 L of DST supernatant.

Case 4 is based on HNF-2577 wherein the expert elicitation process also estimated the respirable
release from a DST headspace deflagration that causes dome failure. The aggregate median
value was approximately 1.0 kg, or, applying a density of 1.4 g/ml, 0.7 L of DST supernatant.

Case 5 assumes complete collapse of the dome. As in Case 1, the dome collapse scenario
assumes an aerodynamic entrainment of 0.13 L, a precombustion headspace loading of 0.39 L,
and a ventilation system loading of 0.001 L. An additional 3.8 L of respirable material is
assumed to be suspended by the complete collapse of the dome based on calculations in
WHC-SD-WM-CN-051, The Effects of Load Drop and Uniform Load and Concentrated Loads
on Waste Tanks. In WHC-SD-WM-CN-051, the tank overburden is credited with reducing the
respirable release by a factor of 10. However, because some of the overburden may be expelled
by the deflagration, this factor is not credited. The total release is the sum of these contributors
or 4.3 L of DST supernatant.

B.1.1.2  Atmospheric Dispersion Coefficients and Breathing Rate

Atmospheric dispersion coefficients to be used in safety basis documents for tank farm facilities
are documented in RPP-13482, Atmospheric Dispersion Coefficients and Radiological and
Toxicological Exposure Methodology for Use in Tank Farms.

The overall 95™ percentile, ground level, point source release x/Q' values are shown in
Table B-2.

Table B-2. Dispersion Coefficients for 200 Area Tank Farms.

. 1-hr x/Q' Maximum
Receptor location (s/n0’) puff X/Q (1/m)
100 m (i.e., onsite) 328 E-2 8.88 E-3
Site Boundary (i.e.,
L offsite) 2.22 E-5 5.06 E-8

RPP-13482, Appendix H, “Special ¥/Qs and x/Q's for Puff Releases Due to Rapid Venting of
Underground Tank,” calculates a series of ¥/Qs and }/Q's for the rapid venting of a large
underground waste tank where the release is modeled as a semi-eltipsoidal puff on the ground
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above the tank. These atmospheric dispersion coefficients were specifically developed to
account for the pressurized release associated with a flammable gas deflagration. The
continuous release x/'Q's for a range of pressures are shown in Table B-3.

Table B-3. Continuous Release 1-hr /Q's for the
Rapid Venting of a Double-Shell Tank.

Initial Pressure Q' (s/m’)
(Ib/in* gauge) Onsite Offsite
5 1.06E-2 2.18E-3
15 7.35E-3 2.18E-5.
45 3.73E-3 2.15E-5
60 2.97E-3 2.14E-5

For radiological consequence calculations, a breathing rate of 3.33 x 10 m%/s is used. This is
the breathing rate assoctated with light activity (i.e., it is an 8-hr average which assumes 2.5 hr of
sitting and 5.5 hr of light exercisc) as derived by the International Commission on Radiological
Protection (ICRP).

B.1.1.3  Unit-Liter Dose

ULDs are documented in RPP-5924, Radiological Source Terms for Tank Farms Safety Analysis.
A ULD of 1.0 x 10* Sv/L was used to calculate the radiological consequences. This ULD,
specific to DST 241-AN-107, is the bounding ULD value reported in RPP-5924 for DST
supernatant based on ICRP-68, Dose Coefficients for Intakes of Radionuclides by Workers—
Replacement of ICRP Publication 61, dose conversion factors.

B.1.1.4  Sum of Fractions Values

Sum of fractions (SOF) values are documented in RPP-8369, Chemical Source Terms for Tank
Farms Safety Analyses. Toxicological consequences are based on application of the following
Temporary Emergency Exposure Limit (TEEL) SOF values:

e TEEL-1=275%10°
TEEL-2 =3.46 x 10°
TEEL-3 =1.27 x 10",

These are the highest reported values for DST liquids as documented in RPP-8369.

B.1.2 ONSITE RADIOLOGICAL CONSEQUENCES

The onsite radiological consequences were calculated in accordance with the methodology
described in RPP-13482, Chapter 4.0, “Radiological Dose Calculations.”
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The consequences are shown in Table B-4 for application of both the ground level, point source
and rapid venting (1.., volume release) atmospheric dispersion coefficients. For the “no tank
damage” failure mode volume release calculations, it was assumed that the deflagration results in
a pressurization of 15 Ib/in® gauge. For the dome failure and dome collapse failure modes, a
pressure of 45 Ib/in® gauge was conservatively assumed. The calculations are provided in
Attachment B-1.

Table B-4. Onsite Radiological Consequences of a Double-Shell
Tank Headspace Deflagration.

Dose (rem)
Case DST fail_ure Ground
scenario level/point Volume release
source

Case 1 No tank damage-1 0.4 0.1
Case 2 No tank damage-2 0.3 0.07
Case 3 Dome failure-1 0.8 0.09
Case 4 Dome failure-2 0.8 0.09
Case 5 Dome collapse 4.7 0.5
Note:
DST = double-shell tank.

B.1.3 ONSITE AND OFFSITE TOXICOLOGICAL CONSEQUENCES

The onsite and offsite toxicological consequences were calculated in accordance with the
methodology described in RPP-13482, Chapter 5.0, “Toxicological Exposure Calculations.”

The onsite consequences are shown in Table B-5 for application of both the ground level, point
source and rapid venting (i.e., volume release) atmospheric dispersion coefficients. For the “no
tank damage” failure mode Volume release calculations, it was assumed that the deflagration
results in a pressurization of 1 5 Ib/in” gauge. For the dome failure and dome collapse failure
modes, a pressure of 45 Ib/in® gauge was conservatively assumed. A release duration of 60 sec
was used in conjunction with the continuous release x/Q's. The calculations are provided in
Attachment B-1.
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Tank Headspace Deflagration.

Sum of fractions
Case DST faiI-u e Ground level/
scenarlo Point source Volume release
Case 1 No tank damage-1 74 (TEEL-2) 17 (TEEL-2}
2.7 (TEEL-3) 0.6 (TEEL-3)
Case 2 No tank damage-2 57 (TEEL-2) 13 (TEEL-2)
2.1 (TEEL-3) 0.5 (TEEL-3)
Case 3 Dome failure-1 130 (TEEL-2) 15 (TEEL-2)
4.9.(TEEL-3) 0.6 (TEEL-3)
Case 4 Dome failure-2 130 (TEEL-2) 15 (TEEL-2)
4.9 (TEEL-3) 0.6 (TEEL-3)
Case 5 Dome collapse 810 (TEEL-2) 92 (TEEL-2)
30 (TEEL-3) 3.4 (TEEL-3)
Notes:
DST = double-shell tank.
TEEL = Temporary Emergency Exposure Limit.

Table B-6 presents the offsite toxicological consequences. The consequences were calculated
using the maximum puff atmospheric dispersion coefficient for a ground level, point source
telease. Calculations were not performed for a volume release as the associated atmospheric
dispersion coefficients are essentially the same. The calculations are provided in

Attachment B-1.

Table B-6. Offsite Toxicological Consequences of a
Double-Shell Tank Headspace Deflagration.

Case DST fail.u re Sum of fractions
scenario

" Case 1 No tank damage-1 0.05 (TEEL-1)
Case 2 No tank damage-2 0.04 (TEEL-1)
Case 3 Dome failure-1 0.1 (TEEL-1)
Case 4 Dome failure-2 0.1 (TEEL-1)
Case 5 Dome collapse 0.6 (TEEL-1)

Notes:

DST = doubie-shell tank.

TEEL = Temporary Emergency Exposure Limit.
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B.2 SINGLE-SHELL TANK DEFLAGRATION
B.2.1 INPUT PARAMETERS

B.2.1.1  Quantity of Respirable Material Released

As was the case with DSTs, the radiological and toxicological consequences of a headspace
deflagration in an SST are a function of the quantity of tank waste released by the deflagration,
which in turn is a function of the tank failure mode. As documented in WHC-SD-WR-RPT-003,
at internal pressures in the range of 11 to 15 Ib/in® gauge some cracking of the concrete tank
dome with distributed pressure venting and overstressing of rebar is predicted. This failure
would lead to self-venting through the soil overburden. Given a very rapid, high pressure
transient (e.g., up to 44 lb/in” gauge), the pressure may not have time to vent. At pressures
significantly greater than 11 to 15 Ib/in® gauge, the center portion of the dome to a radial distance
of 2 to 20 ft, along with the soil overburden, would likely be blown out. The tank could open in
a “can-opener” manner. Fall back of debris would be limited to the ejected dome material and
soil adjacent to the failed portion of the dome. Based on existing stress analyses,
WHC-SD-TWR-RPT-003 concludes there is no reason to expect complete dome collapse.

Table B-7 summarizes the estimated quantities of respirable material released assuming a
cracked concrete dome, no tank damage, and partial dome collapse based on various modeling
techniques. The risk binning team judged that Case 5 provided the most robust release estimate
as 1t represented the aggregate best estimate of 7 subject matter experts. The respirable material
released from the tank is assumed to be saltcake. SST waste phases include supernatant, saltcake
liquids and solids, and sludge liquids and solids. These waste phases are stratified within the
tanks due to density differences and process histories with the sludge at the bottom, covered by
saltcake, covered by supernatant (if present).

Table B-7. Respirable Release as a Function of
Single-Shell Tank Failure Scenario.

Respirable
Case SST failure scenario release (L) SST
solids
1 Cracked dome-1 0.011
2 Cracked dome-2 0.6
3 No tank damage 0.12
4 Dome collapse-1 4
5 Dome collapse-2 3.3
Note:
SS8T = single-shell tank.

Case 1 is based on analyses in WHC-SD-TWR-RPT-003. The assumed material sources
included the inventory of material present in the tank headspace at all times plus that caused by
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activities in the tank, material suspended by the deflagration, and material made airborne by the
impact of concrete spalled from the interior of the dome. The material released during the
deflagration is split between unfiltered paths (through open risers including the lifting of cover
blocks) and the cracks that develop in the dome. The matenial released through dome cracks is
filtered by flow through the soil overburden. The estimated total respirable release for this case
ranged up to 20 g, or 0.011 L assuming a saltcake density of 1.8 g/ml. Based on BBI data as
reported in RPP-5926, Table A-1, the density of saltcake solids ranges from 1.4 g/ml to 1.9 g/ml.
As discussed in Section B.2.1.3, the radiological consequence calculations are based on the
saltcake ULD for SST 241-TX-118. The saltcake has a density of approximately 1.8 g/ml.}

Case 2 is also based on WHC-SD-TWR-RPT-003 which states that releases should be “less than
1 kg” based on the calculated releases and a review of the associated uncertainties. A release of
1 kg of saltcake corresponds to 0.6 L applying a density of 1.8 g/ml.

Case 3 assumes a deflagration occurs that pressurizes but does not damage the tank; i.e., there is
no cracking of the concrete dome. The release, therefore, occurs via unfiltered pathways

{e.g., failed HEPA filters) versus partial filtering through the soil overburden. The 0.12 L value
is derived from WHC-SD-WM-TI-753. For this analysis, a pressure of 15 Ib/in’ gauge is
assumed based on the predicted pressures at which SST dome cracking occurs. The headspace
inventory consists of 0.033 L due to aerodynamic entrainment (dry powder correlation at 10 m/s
flame speed) and a precombustion headspace loading of 0.21 L. The ventilation system loading
contributes 0.0001 L (passive ventilation) to the release (note that RPP-13437 calculates a higher
contribution from the ventilation system, however, the analysis is not sensitive to this

- difference). At apressure of 15 Ib/in® gauge, 50% of the material in the headspace will be

released via unfiltered pathways as the headspace blows down and returns to atmospheric
pressure. The respirable release is thus:

[0.50 x {0.033 +0.21) + 0.0001]L = 0.12 L saltcake.

Case 4 assumes complete collapse of the dome. As in Case 3, the dome collapse scenario
assumes an aerodynamic entrainment of 0.033 L, a precombustion headspace loading of 0.21 L,
and a ventilation system loading of 0.0001 L. An additional 3.8 L of respirable material is
assumed to be suspended by the complete collapse of the dome based on calculations in
WHC-SD-WM-CN-051. The total release is the sum of these contributors or 4.0 L of saltcake.

Case 5 also assumnes a deflagration that causes collapse of the dome. The 3.3 L value is derived
from HNF-SD-WM-ES-412, Safety Controls Optimization by Performance Evaluation (SCOPE)
Expert Elicitation Results for Hanford Site Single-Shell Tanks. ITn HNF-SD-WM-ES-412, an
expert elicitation process was used to estimate the mass of respirable material suspended by a
deflagration that causes the dome to collapse. Seven different experts applied various modeling
techniques to estimate the respirable mass of material released and an associated uncertainty

distribution. The aggregate median value was approximately 6 kg, or 3.3 L applying a density of
1.8 g/ml.

' The SST 241-TX-118 saltcake waste type with the highest ULD is T2-SItCk {solid).
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B.2.1.2  Atmospheric Dispersion Coefficients and Breathing Rate

The overall 95 percentile, ground level, point source release x/Q' values were previously
provided in Table B-2. RPP-13482, Appendix H, “Special x/Qs and x/Q's for Puff Releases Due
to Rapid Venting of Underground Tank,” calculates a series of ¥/Qs and }/Q's for the rapid
venting of a large underground waste tank where the release is modeled as a semi-ellipsoidal
puff on the ground above the tank. The continuous release x/Q's for a range of pressures are
shown in Table B-8.

Table B-8. Continuous Release 1-hr ¥/Q 's for the
Rapid Venting of a Single-Shell Tank.

Initial pressure XQ' (s/m’)
(b/in” gauge) Onsite Offsite
15 4 88E-3 2.16E-5
44 2.06E-3 2.10E-5

For radiological consequence calculations, a breathing rate of 3.33 x 10 m’/s is used (see
Section B.1.1.2).

B.2.1.3  Unit-liter Dose

The ULDs are derived in RPP-5924 for each waste phase in each tank. For the 149 S8Ts, ULDs
ranged in value from 1.9 x 10" Sv/L (associated with 8 kL of liquid 1n SST 241-T-201) to

1.4 x 10° Sv/L (associated with 28 kL of sludge in SST 241-AX-104). SST 241-AX-104 sludge,
which has the highest SST waste ULD, was not selected because even under zero ventilation
conditions the headspace in this SST cannot reach the LFL due to diffusion through the concrete
dome (RPP-5926, Table 4-5). Therefore, SST 241-TX-118 saltcake was selected because it has
the second highest SST waste ULD of 1.0 x 10° Sv/L and SST 241-TX-118 can reach the LFL
and detonable limits assuming zero ventilation conditions.

B.2.1.4  Sum of Fractions Values

SOF values are documented in RPP-8369. Toxicological consequences are based on application
of the following TEEL SOF values:

TEEL-1 =3.71 x 10°
TEEL-2 = 6.28 x 10°
TEEL-3 (100-series) = 9.80 x 10’
TEEL-3 (200-series) = 3.39 x 10°

These are the highest SST liquids or solids SOF values reported in RPP-8369 with the exception
of the 241-C Tank Farm 200-series tanks. These relatively small (i.e., 50,000 gal) tanks only
contain from 800 to 2,600 gal of waste and are judged not to present a significant flammable gas
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hazard. Calculations are performed for two TEEL-3 values, one for 100-series SSTs and one for
200-series SSTs.

B.2.2 ONSITE RADIOLOGICAL CONSEQUENCES

The onsite radiological consequences were calculated in accordance with the methodology
described in RPP-13482, Chapter 4.0, “Radiological Dose Calculations.”

The consequences are shown in Table B-9 for application of both the ground level, pomt source
and rapid venting (i.c., volume release) atmospheric dispersion coefficients. For the “cracked
dome” and “no tank damage” failure mode volume release calculations, it was assumed that the
deflagration results in pressurization of 15 Ib/in® gauge. For the dome collapse failure modes, a
pressure of 44 Ib/in® gauge was assumed. The calculations are provided in Attachment B-1.

Table B-9. Onsite Radiological Consequences of a Single-Shell
Tank Headspace Deflagration.

Dose (rem)
Case SST failure scenario Ground
level/point Volume release
source
Case 1 Cracked dome-1 1.2 0.2
Case 2 Cracked dome-2 66 98
Case 3 No tank damage 13 2.0
Case 4 Dome collapse-1 440 27
Case 5 Dome collapse-2 360 23
Note:
S8T = single-shell tank.

B.2.3 ONSITE AND OFFSITE TOXICOLOGICAL CONSEQUENCES

The onsite and offsite toxicological consequences were calculated in accordance with the
methodology described in RPP-13482, Chapter 5.0, “Toxicological Exposure Calculations.”

The onsite consequences are shown in Table B-10 for application of both the ground level, point
source and rapid venting (i.e., volume release) atmospheric dispersion coefficients. For the
“cracked dome” and “no tank damage” failure mode volume release calculations, it was assumed
that the deflagration results i in pressurization of 15 Ib/in® gauge. For the dome collapse failure
modes, a pressure of 44 Ib/in® gauge was assumed. A release duration of 60 sec was used in
conjunction with the continuous release x/Q’s. The calculations are provided in Attachment B-1.
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Table B-10. Onsite Toxicological Consequences of a Single-Shell
Tank Headspace Deflagration.

Sum of fractions*

Co | e | g | Voo

source release
Case 1 Cracked dome-1 3.8 (TEEL-2) 0.6 (TEEL-2)
0.6 (TEEL-3) 0.1 {TEEL-3)
Case 2 Cracked dome-2 210 (TEEL-2) 31 (TEEL-2)
32 (TEEL-3) 4.8 (TEEL-3)
Case 3 No tank damage 41 (TEEL-2) 6.1 (TEEL-2)
6.4 (TEEL-3) 1.0 (TEEL-3)
Case 4 Dome collapse-1 1,400 (TEEL-2) 86 (TEEL-2)
210 (TEEL-3) 13 (TEEL-3)
Case 5 Dome collapse-2 1,100 (TEEL-2) 71 (TEEL-2)
180 (TEEL-3) i1 (TEEL-3)

Notes:

*TEEL-3 values are for 100-series SSTs.

S8T = single-shell tank.

TEEL = Temporary Emergency Exposure Limit.

Table B-11 presents the offsite toxicological consequences. The consequences were calculated
using the maximum puff atmospheric dispersion coefficient for ground level, point source
release. Calculations were not performed for a volume release as the associated atmospheric

dispersion coefficients are essentially the same. The calculations are provided in

Attachment B-1.
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Table B-11. Offsite Toxicological Consequences of a
Single-Shell Tank Headspace Deflagration.

Case S%’i‘efl:irl;:]re Sum-of-Fractions
Case 1 Cracked dome-1 0.002 (TEEL-1)
Case 2 Cracked dome-2 0.1 (TEEL-1)
Case 3 No tank damage 0.02 (TEEL-1)
Case 4 Dome collapse-1 0.8 (TEEL-1)
Case 5 Dome collapse-2 0.6 (TEEL-1)

Notes:
SST = single-shell tank.

TEEL = Temporary Emergency Exposure Limit.

B.3 DOUBLE-SHELL TANK DETONATION

B.3.1 INPUT PARAMETERS

The input parameters for a detonation in a DST are the same as for a deflagration except for the
quantity of respirable material released. The difference between a detonation and a deflagration
is the speed of the flame front of the burning gases. For detonations, the flame front moves at
supersonic speeds. These higher flame speeds can result in a greater suspension of tank waste.

In HNF-2577, the expert elicitation process was also used to estimate the mass of respirable
material released from a DST detonation that causes dome failure. The aggregate median value
was approximately 7 kg. Applying a density of 1.4 g/ml yields a respirable release of
approximately 5 L.

B.3.2 ONSITE RADIOLOGICAL CONSEQUENCES

The onsite radiological consequences were calculated in accordance with the methodology
described in RPP-13482, Chapter 4.0, “Radiological Dose Calculations.”

The consequences are shown in Table B-12 for application of both the ground level, point source
and rapid venting (i.e., volume release) atmospheric dispersion coefficient. For a detonation, a

pressure of 45 lb/in® gauge was conservatively assumed. The calculation is provided in
Attachment B-1.

B-12




RPP-13510 REV 3

Table B-12. Onsite Radiological Consequences of a
Double-Shell Tank Headspace Detonation.

Dose (rem)
Respirable Ground v
release level/point olume
release
source
5L 55 0.6

B.3.3 ONSITE AND OFFSITE TOXICOLOGICAL CONSEQUENCES

The onsite and offsite toxicological consequences were calculated in accordance with the
methodology described in RPP-13482, Chapter 5.0, “Toxicological Exposure Calculations.”

The onsite consequences are shown in Table B-13 for application of both the ground level, point
source and rapid venting (i.e., volume release) atmospheric dispersion coefficients. For a
detonation, a pressure of 45 1b/in” gauge was conservatively assumed. A release duration of

60 sec was used in conjunction with the continuous release ’Q’s. The calculations are provided
in Attachment B-1.

Table B-13. Onsite Toxicological Consequences of a
Double-Shell Tank Headspace Detonation.

] Sum of fractions
Respirable
release Ground level/point Volume
source release
5L 950 (TEEL-2) 110 (TEEL-2)
35 (TEEL-3) 39 (TEEL-3)
Note:

TEEL = Temporary Emergency Exposure Limit.

Table B-14 presents the offsite toxicological consequences. The consequences were calculated
using the maximum puff atmospheric dispersion coefficient for ground level, point source
release. The calculation is provided in Attachment B-1.
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Table B-14. Offsite Toxicological Consequences of
a Double-Shell Tank Headspace Detonation.

Respirable Sum of fractions
release
S 0.7 (TEEL-1)

Note:
TEEL = Temporary Emergency Exposure Limit.
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ATTACHMENT B1
CONSEQUENCE CALCULATIONS
Double-Shell Tank Deflagration Onsite Radiological Consequences

Release quantities

Case 1 No tank damage-1 0.39L
Case 2 No tank damage-2 03L
Case 3 Dome failure-1 0.7L
Case 4 Dome failure-2 0.7L
Case 5 Dome collapse 43L

ULD = 1.0 x 10" Sv/L (241-AN-107, supernatant)
Apply Standard, ground level release }/Q:

Case 1
Drem)=0.39(L)3.28x107(s/m’ ) 3.33x107*(m’ [s ) 1.0x107 (Sv/L)1.0x10% (rem/ Sv )
Direm)= 4.3x10"'

rounded to:
D(rem)= 04

Case 2
D(rem)=0.3(L) 3.28x107(s/m’ ) 3.33x107 (m’ [s) 1.0x10% (Sv/L}1.0x10"* (rem/ Sv)
D(rem)=3.3x10""

rounded to;
D(rem)=0.3
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Case 3
D(rem)=0.7(L) 3.28x107(s/m’ ) 3.33x107(m* [s ) 1.0x107°(Sv/L)1.0x10" (rem/ Sv)
D(rem)="7.6x10""

rounded to:
D(rem)=0.8

Case 4
D(rem)}=0.7(L) 3.28x107(s/m’ ) 3.33x107(m’[s ) 1.0x10% (Sv/L)1.0x107 (rem / Sv)
D(rem)=7.6x10""

rounded to;
D(rem)=0.8

Case 5

D(rem)=43(L) 3.28x107(s[m’ ) 3.33x10°*(m’ s ) 1.0x10% (Sv/L)1.0x10" (rem / Sv)
D(rem}=4.7x10"
Direm)=4.7

Apply volumetric x/Q

Case 1 Assume 15 Ib/in? gauge

D(rem)=0.39(L)7.35x107(s/m’ ) 3.33x107 (m’ [s ) 1.0x10" (Sv/L)1.0x10* (rem/ S )
D(rem) = 9.5x107*

rounded to:
D(rem)=0.1
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Case 2 Assume 15 Ib/in’ gauge

D(rem)=0.3(L)7.35x107(s/m’ ) 3.33x107*(m’ [s) 1.0x107(Sv/L)1.0x10% (rem / Sv)
D(rem) =7.3x107

rounded to:
D(rem )= 0.07

Case 3 Assume 45 Ib/in® gauge

D(rem)=0.7¢(L) 3.73x107(s/m’ ) 3.33x107 (m* [s ) 1.0x10°*(Sv/L}1.0x10" (rem / Sv)
D(rem)=8.7x10""

rounded to:
D(rem)=0.09

Case 4 Assume 45 Ib/in® gauge
D(rem)=0.7(L) 3.73x107(s/m’ ) 3.33x107 (m’ [s) 1.0x107 (Sv/L )1.0x10" (rem/ Sv)
D(rem)=8.7x10~*

rounded to:
D(rem) = 0.09

Case 5 Assume 45 Ib/in? gauge

D(rem)=4.3(L) 3.73x107(s/m’ ) 3.33x107 (m’ [s ) 1.0x10% (SV[L }1.0x10" (rem/ Sv)
D(rem) = 5.3x10"'

rounded to:
D(rem)=0.5
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Single-Shell Tank Deflagration Onsite Radiological Consequences

Release quantities

Case 1 Cracked dome - 1 0.011L
Case 2 Cracked dome - 2 0.6L
Case 3 No tank damage 0.12L
Case 4 Dome collapse - 1 4L
Case 5 Dome collapse - 2 33L

ULD = 1.0 x 10" Sw/L (241-TX-118, saltcake solids)
Apply Standard, ground level release Y/Q:

Case 1

D(rem)=0.011(L) 3.28x107(s/m’ ) 3.33x107* (m’ [5) 1.0x10"° (Sv/L)1.0x10** (rem/ Sv)
D(rem)=12x10"
Direm)=1.2

Case 2

D(rem) = 0.6(L) 3.28x107(s/m’ ) 3.33x107*(m*[s) 1.0x10"° (Sv/L)1.0x10" (rem/ Sv)
D(rem)=6.6x10"
D(rem }= 66

Case 3

Drem)=0.12(L) 3.28x107 (s/m’ ) 3.33x10™ (m’ s ) 1.0x10" (Sv/L)1.0x10% (rem/ Sv)
D(rem)=13x10"

D(rem)=13
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Case 4
D(rem)=4(L) 3.28x107(s/m’ ) 3.33x10-‘(m3 /5) 1.0x10% (Sv/L)1.0x10" (rem/ Sv)
D(rem)=4.37x10"

rounded to:
Direm )= 440

Case 5

D(rem)=3.3(L)3.28x107(s/m" ) 3.33x107(m’[s) 1.0x10%(Sv/L)1.0x10% (rem/ Sv)
D(rem) = 3.60x10"
D(rem)= 360

Apply volumetric X/Q

Case 1 Assume 15 Ib/in® gauge

D(rem)=0.011(L)4.88x107(s/m’ ) 3.33x107(m’[s) 1.0x107(Sv/L)1.0x10% (rem/Sv)
D(rem)=18x10""

rounded to:
D(rem)=02

Case 2 Assume 15 Ib/in® gange

D(rem)=0.6(L) 4.88x107 (s/m’ ) 3.33x10™ (m*[s) 1.0x10" (Sv/1)1.0x10% (rem/ Sv)
D(rem)=9.8x10""
D(rem)=9.8

Case 3 Assume 15 Ib/in’ gauge

D(rem)=0.12(L) 4.88x107(s{m’ ) 3.33x107*(m’ s 1.0x10%(Sv/L)1.0x10* (rem/ Sv)
D(rem)=2.0x10"

Direm)= 2.0
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Case 4 Assume 44 Ib/in’ gauge

D(rem)=4(L)2.06x107 (s/m* ) 3.33x107 (m’ /s) 1.0x10% (Sv/L}1.0x10"* (rem / Sv)
D(rem)=2.7x10"
D(rem) =27

Case 5 Assume 44 Ib/in® gauge

D(rem)=3.3(L) 2.06x107°(s/m’ ) 3.33x107 (m’[s) 1.0x10"° (Sv/L)1.0x10" (rem/ Sv)
D(rem)=2.3x10""
Direm)=23

Double-Shell Tank Deflagration Offsite Toxicological Consequences

Release quantities

Case 1 No tank damage-1 039L
Case 2 No tank damage-2 03L
Case 3 Domee failure -1 0.7L |
Case 4 Dome failure-2 0.7L
Case 5 Dome collapse 43L

Apply ¥/Q for “pufl” release =5.06 x 10® 1/m’
(Note: corresponding volumetric ¥'Q about the same, 4.8 - 4.9 x 10°® 1/m’)

SOF for TEEL-1: 2.75 x 10™ (241-AN-103, liquids)

B-21



RPP-13510 REV 3

Casel
SOF = 0.39(L) 0. 001(m3/ L) 5.06x107°(1/m*) 2.75x10"
SOF = 5.4x10™

rounded to:

SOF =0.05

Case 2
SOF = 0.3(L) 0.00/(m*/L) 5.06x107(1/m*) 2.75x10**
SOF = 4.2x107*

rounded to:
SOF =0.04

Case 3
SOF = 0.7(L) 0.001(m’ /L) 5.06x107 (1/m*) 2.75x10"°
SOF = 9.7x107°

rounded to:
SOF=0.1

Case 4
SOF =0.7(L) 0.001(m’ /L) 5.06x107*(1/m* ) 2.75x10"
SOF = 9.7x107

rounded to:
SOF =0.1

Case S
SOF =4.3(L) 0.00](m3/L) 5.06x10'8(1/m3) 2.75x10%
SOF =6.0x107'

SOF =0.6
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Single-Shell Tank Deflagration Offsite Toxicological Consequences

Release quantities

Case 1 Cracked dome — 1 0.011L
Case 2 Cracked dome — 2 0.6L
Case 3 No tank damage 0.12L
Case 4 Dome collapse-1 4L
Case 5 Dome collapse-2 33L

Apply ¥Q for “puff” release = 5.06 x 10 1/m’
(Note: corresponding volumetric ¥/Q about the same, 4.8 - 4.9 x 10°® 1/m’)
SOF for TEEL-1: 3.71 x 10" (241-A-106, liquids)

Case 1
SOF =001K(L) 0.00I(mj/L) 5.06x107°(1/m’ ) 3.71x10"°
SOF = 2.1x10"°

rounded to:
SOF = 0.002

Case 2
SOF = 0.6(L)0.00)(m’ /L) 5.06x107°(1/m’ ) 3.71x10"°
SOF = 1.1x10""

rounded to:
SOF =0.1

Case 3
SOF =0.12(L) 0.001(m3/L) 5.06x]0'8(1/m3) 3.71x10%
SOF = 2.3x107°

rounded to:
SOF =0.02
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Case 4
SOF = 4(L) 0.001(m’[L) 5.06x107(1/m* ) 3.71x10"
SOF =7.5x10™

rounded to:
SOF =0.8

Case 5
SOF = 3.3(L) 0.001(m’ /L) 5.06x107(1/m’ )3.71x10"
SOF =6.2x107"

rounded to:
SOF = 0.6
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Double-Shell Tank Deflagration Onsite Toxicological Consequences

Release quantities

Case 1 No tank damage-1 0.39L
Case 2 No tank damage-2 03L
Case 3 Dome failure -1 0.7L
Case 4 Dome failure-2 0.7L
Case 5 Dome collapse 43L

SOF for TEEL-2: 3.46 x 10™® (241-AN-103, hquids)
SOF for TEEL-3: 1.27 x 106" (241-AN-103, hiquids)
Release duration = 60 sec

Continuous release ground level point source /0

Case 1

_[0.39(L)0.001(m’ / L)]

SOF,,,, ,= ey 3.28x107%(s/m’ )3.46x10°"

SOF,,,, ,=74x10"

SOF gy, =74

SOF,,, . = [0.39(L)0.001(m’ / L)]
60(s)

3.28x107(s/m’ )1.27x10"

SOF e, = 2.7x10%
SOFy,, =27
Case 2

SOF _[03(2)0.001(m* /L)]
TEEL-2 60(8’)

3.28x107%(s/m* )3.46x10"*

SOF s, , = 5.7x10"

SOF,,, ,=357
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_[0.3(L)0.00I(m* /L)]

SOF gz, = 5005 3.28x107(s/m’ }1.27x10"

SOF,.., ;=21xl o+
SOF,;, ;=21
Case 3

SOF,, . = [0.7(L)0.00l(m’ / L)]
60(s)

3.28x107(s/m’ )3.46x10"

SOF,,, , =1.3x10%

SOF,,,, , =130

SOF,,. , = [0.7(1)0.001(m’ / L)]
60(s)

3.28x107(s/m’ )1.27x10%

SOF ., ,=4.9x10"
SOF,,, ;=49
Case 4

SOF,,, , [0.7¢(L)0.001(m’ /L)]
60(s)

3.28x107%(s/m’ )3.46x10"¢

SOF,,;, , =1.3x10%

SOF,,,, , =130

SOF,,, - {0.7(L)0.001(m’ / L)]
60(s)

3.28x107(s/m’ )1.27x10"

SOF;,, . =4.9x10"

SOF,,, , =49
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Case S

_[4.3(1)0.001(m’ / L)]

SOF ey, = 500s) 3.28x107(s/m’ )3.46x10°°

SOF,,, , = 8.1x10"
SOF,,, , =810

_[4.3(L)0.001(m’ /L)]

SOF 5 = 60(s) 3.28x107°(s/m’ )1.27x107

SOF,,, ,=3.0x10"
SOF,, . =30
Continuous release volumetric y/Q
Case 1 Assume 15 Ib/in® gauge

[0.39(L)0.001(m’ / L)]

SOF,,, , = oy 7.35x107(s/m’ )3.46x10"°

SOFygp, , = 1.7x10"
SOF pp, , =17

_[0.39(L)0.001(m’ / L)]

SOFpy 3 = 500s) 7.35x107(s/m’ )1.27x10"

SOF,,, ,=6.1x10""

rounded to:
SOF ;=06
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Case 2 Assume 15 Ib/in” gauge

_[0.3(L)0.001(m’ /L)]

SOF,,,, ,= S0s) 7.35x107(s/m’ )3.46x10"°

SOFy,,, ,=1.3x10"
SOF,, ,=13

[0.3(L)0.00(m’ /L)]

SOF,,, , = 60(s) 7.35x107(s/m’ )1.27x107

SOF ., s =4.7x107

rounded to:
SOF o, ;=05

Case 3 Assume 45 Ib/in’ gauge

SOF,,, , = [0.7(L)0.001(m’ / L)]
60(s)

3.73x10 7 (s/m’ )3.46x107°

SOF .y, , =1.5x10"
SOF g =15

SOF,,,, , = [0.7(L)0.001(m’ /L]
60(s )

3.73x107(s/m’ )1.27x107

SOF,,, ,=55x10"

rounded to:
SOF,,, ;=06
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Case 4 Assume 45 Ib/in® gange

_[0.7(L)0.00I(m" / L)]

SOF,,,, ,= 500s) 3.73x107(s/m’ )3.46x10"

SOF ., , = 1.5x10"

_[0.7(1)0.001(m* / L)]

SOF ey 5 = 6005 3.73x107(s/m’ )1.27x10"

SOF,,,, ,=5.5x10""
SOF 5, , = 0.6

Case 5 Assume 45 Ib/in’ gauge

SOF, . = [4.3(L)0.001(m> /L))
60(s )

3.73x107 (s /m’ )3.46x10*

SOF,,,, , = 9.2x10"
SOF 5y, , =92

sor L#3(1)0 001(m* / L)]
60(s)

3.73x107(s/m’ )1.27x10"

SOF,,, ,=3.4x10"

SOF,,.. ,=3.4
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Single-Shell Tank Deflagration Onsite Toxicological Consequences

Release quantities

Case 1 Cracked dome-1 0.011L
Case 2 Cracked dome-2 0.6L
Case 3 No tank damage 0.12L
Case 4 Dome collapse-1 4L
Case 5 Dome collapse-2 33L

SOF for TEEL-2: 6.28 x 10'® (241-A-102, solids)

SOF for TEEL-3 (100-series): 9.80 x 107 (241-T-112, solids)
SOF for TEEL-3 (200-series): 3.39 x 10™* (241-T-202, solids)
Release duration = 60 sec

Continuous release ground level point source x/Q (200-series TEEL-3 values and results
shown in brackets)

Case 1

‘ 0.011(L)0.001(m’ / L
SOF,,,, . _f (L) ( )]
60(s)

3.28x107(s/m’ )6.28x10™

SOF,,,, , = 3.8x10"
SOF,,,, ,=38

0.011(L)0.001(m” /L
sor,. , ~[0011(L)000(m" /1)]
60(s )

3.28x107(s/m’ )9.80x10" [3.39x10% ]

SOF 1 5 = 5.9x107' [2.0x10" ]

rounded to:
SOF,,,, ;=0.6/20]

Case 2

0.6(L)0.001(m’
SOFTEEL—Z =[ ( )60(s)(m /LI

3.28x107(s/m’ )6.28x10"*
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SOF,,,, , = 2.1x10"
SOF,,, , =210

_[0.6(L)0.001(m’ /L)]

SOF 5 = 50(s) 3.28x107%(s/m’ )9.80x10" [3.39x10" ]

SOF gy 5 = 3.2x10" m[1.1x10% ]
SOF gy, ;=32[110]
Case 3

_[0.12(L)0.00(m’ /L)]

SOF,,,, ,= oy 3.28x107(s/m’ )6.28x10**

SOF,,, ,=4.1x10"
SOFpgg_, = 41

SOF,., .= [0.12(L)0.001(m* / L)}
60(s )

3.28x107%(s/m’ )9.80x10" [3.39x10%° ]

SOF,,,, ,=64x10"[22x10"]
SOFTEEL-s =64[22]
Cased

4(L)0.001m* /L
SOFTEEL-Z =[ (L) 60(3()”1 )

3.28x107(s/m’ )6.28x10"*

SOF,,, , =14x10%
SOF,.,, ,= 1400

4(L)0.001(m’ / L
SOFTEELus :[ (L) 60(5*?1 )

3.28x107%(s/m’ )9.80x107 [3.39x10%* ]

SOF,p, = 2.1x107 [7.4x107 ]

SOF,,., ,=210[{740]
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Case5s

SOF _[3.3(L)0.00)(m’ /L)]
TEEL-2 — 60(.5‘)

3.28x107(s/m’ )6.28x10"°

SOF,,,, , = 1.1x10"
SOF,,, , =1,100

cop. [33(L)0.001(m* /L)]
TEEL-3 — 60(S)

3.28x1077(s/m’)9.80x10" [3.39x10% ]

SOFppg, 3 = 1.8x107 [6.1x10% ]
SOF ;= 180[610]

Continuous release volumetric xY/Q

Case 1 Assume 15 Ib/in® gauge

0.011(L)0.001(m* /L
SOF .y, | _[0.01KL) ( N
60(s)

4.88x107(s/m’ )6.28x10%°

SOF p; , = 5.6x107

rounded to:
SOF;, ,=06

_[0.011(L)0.00I(m’ /L)]

SOF 1, = 50(s) 4.88x107°(s/m’ )9.80x10" [ 3.39x10"° ]

SOF ., ;= 8.8x107° [3.0x107" ]

rounded to:

SOF,,,, ,=0.1[0.3]
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Case 2 Assume 15 Ib/in’ gauge

0.6(L)0.001(m’ / L
SOFTEEL—Z =[ ( )60(s§m J

4.88x107°(s/m’ )6.28x10*

SOF,,, ,=3.1x10"
SOFpgg , = 31

SOF _[0.6(L)0.001(m’ / L)]
TEEL-3 — 60(5)

4.88%107 (s/m’ )9.80x10" [3.39x10% ]

SOF 1y s = 4.8x10%°[1.7x10" ]
SOFTEEL-s = 4-8[17]
Case 3 Assume 15 Ib/in’ gauge

_[0.12(L)0.00I(m’ / L)]

SOF g, , = 500s) 4.88x107(s/m’ )6.28x10"

SOF,,, , =6.1x10"
SOF, TEEL-2 = 6.1 |

sor,. = [0.12(L)0.001(m’ /L))
60(s )

4.88x107(s/m’ )9.80x10% [3.39x10" ]

SOF,py, ;= 9.6x107'[3.3x10" ]

SOF,,, ,=10[33]
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Case 4 Assume 44 Ib/in® gauge

SOF,,, , = [4(L)0.00i(m’ /L)]
60(s)

2.06x107(s/m’ )6.28x10"

SOFg,, , = 8.6x10%
SOFppy_, = 86

woF. [HL)0.001(m’ /L)]
TEEL-3 — 60(3)

2.06x107(s/m’ )9.80x10% [3.39x10%° ]

SOF = 1.3x10" [4.7x10" ]
SOF gy, _, =13[47]
Case 5 Assume 44 Ib/in” gauge

[3.3(1)0.001(m’ /L)]

SOF ;. = ey 2.06x107(s/m’ )6.28x10"°

SOF,,, ,=7.1x10"
SOF gy, , =71

sor,,  133(1)0. 001(m* / L)]
60(s)

2.06x107(s/m’ )9.80x10" [3.39x10%" ]

SOFss, . = 1.1x10" [3.8x10" |

SOFyze, ;= 11/38]
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Double-Shell Tank Detonation Consequences
Release quantity =5 L
Onsite Radiological Consequences

Apply standard, ground level release x/Q:
D(rem)=5(L) 3.28x107(s/m* ) 3.33x107 (m’ [s) 1.0x10"(Sv/L)1.0x10" (rem/ Sv)
Direm)=5.5x10"
D(rem)=135.5

Apply volumetric x/Q, assume 45 Ib/in” gauge
D(rem)=5(L) 3.73x107(s/m* ) 3.33x107 (m* [s ) 1.0x107 (Sv/L )1.0x10" (rem/ Sv)
D(rem)=6.2x10""

rounded to;
D(rem)=0.6

Offsite Toxicological Consequences:
SOF = 5(L)0.001(m*[L) 5.06x107(1/m’ ) 2.75x10*
SOF = 6.9x10™

rounded to:
SOF =0.7
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Onsite Toxicological Consequences: .

Contmuous release ground level point source ¥/Q

_[5(1)0.001(m’ / L)]

SOF g, = 50(s) 3.28x107%(s/m’ )3.46x10"

SOF,,,, , =9.5x10%
SOF,,, , = 950

_[5(L)0.00)(m’ /L)]

SOF pgg; 5 = 50s) 3.28x107%(s/m* )1.27x10"

SOF 4y, , = 3.5x10"
SOF gy = 35

Continuous release volumetric y/Q, assume 45 lb/in® gauge

SOF.... = [5(L)0.00i(m’ /L )]
60(s)

3.73x107% (s /m’ )3.46x10"

SOF ., , = 1.1x10"
SOF e, , =110

sor L3 )0.00i(m* / L)]
60(s)

3.73x107(s/m’ )1.27x10"

SOF e, =3.9x10"°

SOF, ., , =39
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APPENDIX C

CONTROL DECISION MEETING ATTENDEES

S~
FLAMMABLE GAS STEADY STATE HAZARDS
CONTROL DECISION MEETING ATTENDANCE
. AUGUST 28,2002
Knowledge Area(s} Telephone
Name Represented (see below) Organization Number
ge//mgf; 12,4, 67,8 ORE- sugrgri-| 375 -/¢/7
1SBICH G-AP] |373-046¥]
Boekl Mocilo) o S fe 272-321
Ail) Cousloy /J.Z A]Sd-'L‘ 376-4567
| fotrraa ;&Aﬂ/ﬁo/ 4 DSL gnar: 372-0076
LLSB DO MHATSIL -t d DM ST §vs Culk 374 -9¥56
Wore Lee Walkes | (224 10 chéiﬁmgﬁfiw
MJ&L Ao DaaNA |12, 34 7.4 03 NS ¥L. -0 [ 31%-4045
ichaei ¢, Tones 5 ch6- CPo 2373-5630
Do kb ews 5" ot - A | 373~ 1809
BesD Seurt ok e g | st 3901903

3

Knowledge Areas:

1 Licensing 9
2 Safety Analysis

3 Hazard Analysis 1l
4 Engineering 12
3  Opemtions 13
6 Accident Analysis 14
7 Nuclear Satety 13
8 Design Authonty 16

Tecknical Satety Requirements

10 Safety Structures, Systems, and Components 13
Emergency Preparedness

Radiological Control
Regulatory Compliance

Environmental Protection
Quality Assurance

Other - speeity

C-1

17 Industrial Safety

Project Management

19 Industrial Hygicne
21} Maintenance Engincering
21 Rcliability Engineering

Process Engineering
Equipment Engineering
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(e ) )
FLAMMABLE GAS STEADY STATE HAZARDS
CONTROL DECISION MEETING ATTENDANCE
AUGUST 28, 2002
Knowledge Area(s) Telephone
Name Represented (see below) Qrganization Number

Z&q:‘_s (ard’o ';zl 3, GJ q‘,q /(/sv"k‘ 3?2-254‘
Miyed V. Ly 2,%6,7.9,10 NSg L 212-37¢0

Joseon T Boveuscod 1-23 ORP 376 54943
/ —

Clrrmg Ao, | S ~ #C ~0s8<
wdid Shutrd | 4, 20.2,23 |CHESE |372-0703
—

A OB Blaale | Y CHhe] 55ty 31%-3 %0

Chak Scqjed” |48 (AL 3044
NEZMELT s Y.5 att G 3-Y313

4K Sauman DAESR  [373-0lof

Jeonfec Stewarct |1,7,9 NSL/FFS 374~ 5673 |

Poad Busc| 1,2.3,L,7,9.10 pSee /a2ss [373-27CY
%/fnyl s CHG 721928

M_&JLLM.‘J{A- g CHher 55T =8 | 376-477C

Knowledge Arcas:

I Licensing 9 Technical Safety Requirainents 17 Industrial Safety

2 Safety Analysis 10 Safety Structures, Systems, and Components 18  Propct Manageinent

3 Hazard Analysis Il Emnergency Preparedness 19 Industrial Hygiene

4 Engineering 12 Radiotogical Control 26 Maintenance Engineering

5 Operations 13 Regulatory Compliance 2| Reliability Engineering

6 Accident Analysis 14 Environmental Protection 22 Process Engincering

7 Nuclear Safety 153 Quality Assurance 23 Equipment Engincering

8 Design Authonity 16 Other - specify
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FLAMMABLE GAS GRE HAZARDS
CONTROL DECISION MEETING ATTENDANCE

AUGUST 29, 2002

[4 2

Knowledge Area(s) Telephone
Name Represented (see below) Organization Number
Miwten N, OHuera | 4, 2,%6,2,9 1 CHg - NI L 3Jz-%70
Jennifer 1, Steunrt 1,7, 9 FFS- NS+ L 3Ta-563%5
IMARL A, DANNA 1423 61,5 (0 NS4 L 373- 4oy
| Wi Les Wakkes  [17224 10 =
ﬁZ Ko Ve )bt Sa LTy 13-
Jen C Grupug cHe /A0l | 373 odo¢
Gelhous (4546, 7 5,12 |0rP- Sganct | 3265127
Fodia babasg. 4 o5 g 372- 00324
d1sn DQHqu:C-.f-wcu 2,4 51 S Eut- | 37L-9¢¢L
Blaing Larkvn | 22 Pacess Control |376-51/8
£ Fus (epd) | SHH~E50L |
CLIFF HAmrpran| $°.13 3 OFS 2 ~o56C

Knowledge Areas:

| Licensing 9 Technical Safety Requirements 17
2 Safety Analysis 10 Safety Structures, Systems, and Components 18
3 Hazard Analysis 11 Emergency Preperedness 19
4 Engineering 12 Radiological Contrel 20
5 Operations 13 Regulatory Comptiance 21
6 Accident Analysis t4  Environmental Protection 22
7 Nuclear Safety 15 Quality Assurance 23
8  Design Authority 16 Other - specity

Industrial Safety

Project Management
Industrial Hygiene
Maintenance Engineering
Reliability Enginesring
Process Engineering
Equipment Engineenng
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C-4

]
FLAMMARBLE GAS GRE HAZARDS
CONTROL DECISION MEETING ATTENDANCE
AUGUST 29, 2002
Knowledge Area(s) Telephone
Name Represented (see below) Organization Number
%’_ﬁ' éfro /,Z, 3, 6, ;,?
Jueth Boydlacque | 1- 23 ORP I -5443
Lowesee T Kpony | 1036796 | pl 2% jo6) |
Brad semu ( ~23 NSEL | 3% [FoF
Merk__Roborts 4,20, 2! MeRE 32¢- 1852,
Tl Bloedr | ¢ DST VS €t | 393- 3552
Aoty Keed g Dpéngr  |373-55p
Beic i, [\ 3 Prtit. 32S5- 4667 )
TREARS q CHG [51¢ | 34373
(s, £ s (% 373 /738
v ! ) 4
Rrad Evan 1,2,3,6,7.9,0
g—'ﬁmﬁwﬁuﬁar\!/) g, 09«.@1}th“‘1 23-U5711
Y uisrs Frollon; // 23 Do 27w
Knowledge Arcas: ]
1 Licensing 9 Technical Safety Requirements 17 Industrial Safety
2 Safety Analysis 10 Safety Structures, Systems, and Components 18  Project Management
3 Hazard Analysis It Emergency Preparedness 19 Industrial Hygiene
4 Engincering 12 Radiological Control 20 Maintenance Engineering
5 Operations I3 Regulatory Compliance 2t Reliability Engineering
6 Accident Analysis i4  Environmental Protection 22 Process Engineering
7 Nuclear Safety 15 Quality Assurapee 23 Equipment Engineering
8 Design Avthority 16 Other - specity
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!0“‘“

FLAMMABLE GAS STEADY STATE HAZARDS
CONTROL DECISION MEETING ATTENDANCE

SEPTEMBER 4, 2002
Knowledge Arca(s) Telephone
Name Represented (ses below) Organization Number
P TR 4’#0 L# 3 ¢, , A/s ¥ da 3'72‘2’&4(
Mictow Y. Sauura |12, %,¢0,7,10 nS 4L 372-3740
,)al;IGJ’JJajfa .Y
oS 2 oS
Tpofer Stewart.  1,7,9 Sl JFFS  |376-5633
L4 L4 r

D Mot 5" afs- | 373~ 1804
Knowledge Arcas:

I Licensing 9 Technical Safety Requirements 17 Industried Safety

2 Safety Analysis 10  Safety Structures, Systems, and Components 18  Projeet Management

3 Hazard Apalysis It Emergency Preparcdness 19 Industrial Hygienc

4 Engineering 12 Radiological Controt 20 Maintenance Engineering

5  Operations 13 Regulatory Compliance 21  Reliability Engincering

6  Accident Analysis 14 Environmenta! Protection 22 Process Engineering

7 Nuclear Safety 15 Quality Assurance 23 Equipment Engineering

8 Design Authority 16 Other - specify
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e {, o
FLAMMABLE GAS STEADY STATE HAZARDS
CONTROL DECISION MEETING ATTENDANCE
'SEPTEMBER 4, 2002
Knowledge Arcals) Telephone
Represented (see below) Organization Number
z ¢, 478 OKY 2, 375147
23 67910 ORP Segint” | 53/-¢42 ]
Led M Lrvaser | TFe 2A% Com S$3-537
H i i ~ { . Tt
;’\)511@ Lo Welksr | 1334 4o NS %73-GpYs
Michael c Tones | 5 CHE /PO | 373-5630
Rres/ Foa - 3 1,2,3,L.2,%,10 |t SEL | 373-275
EMAD Setef At G AL 226 (Fo
Py £ cou £,.5 Cts [SS7sat 275 /938
CRA1e Ghopwbyer 23 6,7 9,1° erl 336- 284
‘%7{1‘: Robeots v.20 2¢ CHb 3 76 1852
ark gy dmen DAFSE 273-0lo)
Knowledge Areas:
! Licensing 9 Technical Safety Requirements 17 Industrial Safety
2 Safety Analysis 10 Safety Structures, Systems, and Components 18  Project Management
3 Hazard Analysis 11 Emergency Prepareduess 19 Industrial Hygiene
4 Engincering 12 Radiological Control 20 Maintenance Engineering
5 Operations I3 Regulatory Compliance 21 Relisbility Engineering
€ Accident Analysis 14 Environmental Protection 22 Process Engincering
7 Nuclear Safety 15 Quality Assurance 23 Equipinent Engineering
8 Design Authority 16 Other - specify
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FLAMMABLE GAS GRE HAZARDS
- CONTROL DECISION MEETING ATTENDANCE

SEPTEMBER 5, 2002

\4592

Knowledge Area(s) Telephone
Name Represented (sce below) Organization Number
Mivvew V. Shuerg | 12, %67 1 e NS L 372-%7¢0
ender L. Stewart | 1,7, 9 NSSL/FFS  |376-5623
muRgwee . arion | 1.0,3,¢,7.5,4
/J"b Con nrs 1 %,3,6,%,9, 10 Ms - 292-26494
Tl Hoet el Satery 3738212
CRAsE Grogayes | 2,3, 61,5, /e orp 326 - 781
Ao (ve\\s |23 A THS 457
Blawe Barton |22 Broces frg 376-518
p—
s Fuhets | 5 Heéo 3744507
i$A bﬂHNMkL-AM{-d- ‘f DSr Sy g v [ 376 -9 Wt
— N
| Tlotpy BLarik Y DYT $VS Bl | 373-3 80
Knowledge Areas:
I Licensing 9 Technical Safety Requirements 17  Indusirial Safety
2 Safety Anelysis 10 Safety Structures, Systems, and Components 18 Project Management
3 Hazard Analysis 11 Emergency Preparedness 19  Industrial Hygiene
4 Engineering 12 Radiological Control 20 Maintenance Engineering
5 Operations 13 Regulatory Compliance 21 Reliability Engincering
& Accident Analysis 14 Environmental Protection 22 Process Engineering
T Nuelear Safety 15 Quality Assurance 23 Equipment Engincering
8  Design Authority 16 Other - specify
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FLAMMARBLE GAS GRE HAZARDS
CONTROL DECISION MEETING ATTENDANCE

SEPTEMBER 5, 2002

142

Knowledge Area(s) Telephone
Name Represented (see below) Organization Number
-"VLV’( IZﬁ—bL"H 4, 2o i cHé T AR5 2
IMARC A DANME i,z’jv b”fic‘,,’m NS‘*L 273 ~usuy

Whie lenplilker 11234 qip NosL- 1209 Goids
Rowet Cavvell 2347290
Beap Snud Ms L 374 |90F
L fF [fippenlital 275 2 —o5BL
7?%'0;‘4 ,&54}% v 25T ¢rge: 372-00%
»; CEFP- g 3787 1T

Knowledge Arcas:
Licensing

Safety Analysis
Hazard Analysis
Engineeting
Operations
Accident Analysis
Nuclear Safety
Design Authority

00 =~ QN WA B W R e

¢

Technical Safety Requirements

Emergency Preparediiess
Radiological Control
Regulatory Compliance
Environmental Protection
Quality Assurance

Other - specify

C-8

17 Industrial Safety

10 Safety Structures, Systems, and Components 18  Project Management

19 Industrial Hygiene

20 Maintenance Engineering
21  Rcliability Engincering
22 Process Engineering

23 Equipment Engineering

LY
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FLAMMABLE GAS HAZARDS
CONTROL DECESION MEETING ATTENDANCE
SEPTEMBER 12, 2002
Knowledge Area(s) Telephone
Name Represented (see below) Organization Number
Ed Ford | 2,279 fs 18 272 - 129
Fenoer Slewart 11,9 9 NSHL/EFS  |376-5633
A e Whidke | 172 416 DSiL 0h | 3729045
“Trepuamens ‘Jl.z_.“'.g.?,“) LS 273~ 13¢2
PIYS RS EA;_M 123, 6,7,9 0 NS+e 373-404¢
Gt Reihimth | S ST oS [376-47%%
TR FaeRs Y ST Ink. | 3-9393
Bob Carve ] 236790 Ry 5§04
Lindo Quarles TSM Review Teanm
Pivicia Kobrae, 4 T $ystrye | 3Ta-coBb
CHOCK SYEQAT |2, 3, & pone | 3724
Bland Barten [ 22 Procss (ondrol | 374 -S/(8
IS4 0% et - RAK 4 of 2- DS sy £ | 3775
éea}%m{ y ’ OR7Sup, | 375= /417

Knowledge Areas:

1  Licensing 9
2 Safety Analysis 10
3 Hazard Analysis e
4 Engineering i2
5 Opentions 13
6  Accident Analysis 14
7 Nuclear Safety 15
& Design Authority 16

Technical Safety Requirements

Safety Structures, Systems, and Components

Emergency Preparedness
Radiclogical Control
Regulatory Compliance
Environmental Protection
Quality Assurance

Other . specify

C-9
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Eguipment

Project Management
Industrial Hygiene
Maintenance Engineering
Reliability Engineering
Process Engineering

Enginecring
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v
FLAMMABLE GAS HAZARDS
CONTROL DECISION MEETING ATTENDANCE
SEPTEMBER 12, 2002
Knowledge Area(s) Telephone
Name Represented (see below) Organization Number
Mecvon V, Sewraly, 2,3, 4790 Hir - S EL | 372-37¢0
A“\ Am 4,2, 3, 6.+ 7,10 " 2P2-26 9
Lawrsuoe{T” ks | 1,232 6,79, 1 MSe( 276~ 06!
<§M¢> —li’bu.(t\aj-‘ V1 S G -efo |BIe=45F)
vk feorts ) | 4,20, 24 CHG-MRE | 5264852
oe & Ml Safery  |37232)%
Josath Budreiue] = 3 3 37613
L4
CRA1  GCroemdYie) hv,3,63, %0 one 326 - 98U
DEpvis /1 RBY e 583tz SRL 37¢- 5<%
& Hpbrpwy | 425 CHE_OPS| 272 25
y Y, £,.$,00,20,23 CHG - ni g 8F12- 6703
Knowledge Areas:
I Licensing 9 Technical Safety Requirements 17 Industrial Safety
2 Safety Analysiy 10 Safety Structures; Systems. and Components 18 Project Management
3 Hazard Analysis 11 Emergency Preparcdness 13 Industria! Hygicne
4 Enginctring 12 Radiological Control 20 Maintenance Enginecring
5 Operations 13 Regulatory Compliance 21  Reliability Engineering
6 Accident Analysis 14 Environmental Protection 22 Process Engineering
T Nuclear Safety 15 Quality Assurance 23 Equipment Engineering
8 Design Authority 16 Other - specify
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Focused Flammable Gas Hazard
Control Decision Meeting Attendance

October 24, 2002
Knowledge Area(s) Telephone
Name Represented (see below) QOrganization Number
Lrals Lerrs 123679 AL 2p2-28%f
Eons LR1oK 5 SST ops 373-0778 |
CRALG GROEN)YES ORp 334781
Bob ﬁaw&[ 123672994 OopSugnt 9G47-442 )
Ed Ford |2 20 79 ns e 2731244
Mage DANNK L 2.3 6 7 /0 (9 NS¢ 373-4o4g
nder Steonet /79" 7 NSYL 1274~
Nl b, | DAER 373-0)0)
Joseph  faydlo g yen Do 766193
| LawemesT. koo, t2 .k Vsl 276 l661
0D, i £ Sonc S Trm\,ﬂ., 3N2-259Y
Mm% R S wfs 373-9379
C_ Lo/ Bn A5 SD2-235L

Knowledge Areas:
Licensing

Safety Analysis
Hazard Analysis
Engineering
Operations
Accident Analysis
Nuclear Safety
Design Authority

O ~3 WA B B e

9 Technical Safety Requirements
10 Safety Structures, Systems, and Componients 18
11 Emergency Preparedness
12 Radiclogical Control
13 Regulatory Compliance
14  Environmenta] Protection
15 Quality Assurance
16 Other - specify
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17 Industrial Safety

Project Management

19 Industrial Hygiene
20 Mamntenance Engi

21 Reliability Engineering

Process Engineering

23  Equipment Engineering
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APPENDIX D
PEER REVIEW CHECKLIST
Page l of 2
NS&L CHECKLIST FOR TECHNICAL PEER REVIEW w/p

Scope of Review (e.g., document section or portion of calculation): Changes that move document

from Rev.} ttg }gv; Wil

Yes No’ NA

(X

K BEODKRARIR

¥XRDDD 000D OO0 O O 00 OOQoOooo O
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O00RRRER R ROOOD RN ®

0

K OO0 O 0O 00 00X O0O0oogo
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0oo0oDo oK

1. Previous reviews are complete and cover the analysis, up to the scope of this
review, with no gaps. *Ecplacetion:

Problem is completely defined, sEqunation;

Accident scenarios are developed in a clear and logical manner.

Analytical and technical approaches and results are reasonable and appropriate.
ORP QAPP criterion 2.8f *Explanation: .
ecessary assumzptlons are reasonable, explicitly stated, and supported. (ORP
QAPP criterion 2.2) Explanacion:
Computer codes and data files are documented.
*Explanation: R
Data used in calculations are explicitly stated.

® N s wN

Bases for calculations, including assumgnons and data, are consistent with the

supported safety basis document (e.g., the Tank Farms Documented Safety

Analysis). *Explanacion: . o X i )

9. Data were checked for consistency with original source information as applicable.
{ORP %APP criterion 2.9) + ion: _

10. For both gualitative and quantitative datz, uncertainties are recognized and

discussed, as appropriate. (ORP QAFP criterion 2.17)

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

Explanation:

12. Models are apfpropriate and were used within their established range of velidity or
adqguate justification was provided for use outside their established range of
validity. *Explanation: :

13. Spreadsheet results and all hand calculations were verified,

14. Calculations are sufﬁgiemli detailed such that a technically qualified person can

understand the analysis without requiring outside information. (ORP Q4PP
criterion 2.5) ‘Explanation:

15 Soﬁwe input is correct and consistent with the document reviewed.

16. Seftware output is consistent with the input and with the results reported in the
document reviewed. *Eglanaion:

17. Software verification and validation are addressed adequately. (ORP QAPP
criterion 2,0) *Expianaton: ) :

18. Limits/criteria/guidelines :fplxed to the analysis results are appropriate and
referenced. Limits/criteria/guidelines were checked against references. (ORP
QOAPP criterion 2.9) *Explanation:

19. Safety margins are consistent with good engineering practices.
* Explanation:

20. Conclusions are consistent with analytical results and applicable limits.

*Explanation: . i

21, lzl%sults and conclusions address all points in the purpose. (ORP QAPP criterion

22. All references cited in the text, figures, and tables are contained in the reference
list. *Eplanasion:

23. Reference citations {e.g., title and number) are consistent between the text callout
and the reference list.

f]
J/g_’”é#/r— 05
nitials/Date
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D-1




»

et
4
(=]

'::
>

¥ KB OO0 0000ORXROOO OO0 o000
O 0 BN N R EDOONKN B X XK

K

O

O 0 00 0o0o000o0o0oo0ooo0o ggag

i

"

RPP-13510 REV 3

NS&L CHECKLIST FOR TECHNICAL PEER REVIEW
Page 2 of 2

24. Only released (i.e., not draft) references are cited. (ORP QAPP criterion 2.1}
‘Explonation:

25. Referenced documents are retrievable or otherwise available.

* Explantion:
26. The most recent version of each reference is cited, as appropriate. (ORP QAPP

criterion 2.1) ‘Explanstion: .
27. 'I‘here are no duplicate citations in the reference list.

28 Re erenced documents are spelled out (title and number) the first time they are
cited. *Explanation:

29. All acronyms are spelled out the first time they are used.
*Explanagion:

30. The Table of Contents is corTect. *Explanation:
31. All figure, table, and section callouts are correct.

32. I..Jmt conversions are correst and consistent.
33. The number of significant digits is appropriate and consistent.
34. Chemical reactions are correct and balanced.

*Explanation:

35. All tables are formatted consistently and are free of blank cells.

*Explanation:

36. The document is complete {pages, attachments, and appendices) and in the proper
order. *Explanation:

37. The document is free of typographical errors. Only the section(s) being reviewed
was checked for typographical errors. *Explanation:

38. The tables are internally consistent. *Explanasion:

39. The document was prepared in accordance with HNF-2353, Section 4.3,
Attachment B, “Calculation Note Format and Preparation Instructions.”

*Explanation;
40, Impacted documents are appropriately identified in Blocks 7 and 25 of the
Engmcermg Change Notice (form A-6003-563.1).

41.1f more than one Technical Peer Reviewer was designated for this document, an
overall review of the entire document was ‘ormed after resolution of all
Technical Peer Review comments and confirmed that the document is self-
consistent and complete. Explanssion:

Concurrence

W.L. Cowley [d ﬂl:d Feb. 15, 2005

Reviewer (Printed jtame and Signature) Date

* IfNois chosen, an explanation must be provided on this form.
Additional explanation: Items 22 through 31, and 35 through 39 are reviewed by the technical

editor.

R Minerant Ta 1HORMONL
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CHECKLIST FOR TECHNICAL PEER REVIEW

Document Reviewed: RPP-13510,Rev. 3
Scope of Review (e.g., document section or portion of calculation): Technical edit
Yes No NA*

[T [1 [x] 1. Previousreviews are complete and cover the analysis, up to the scope of this
review, with no gaps.

{Y [] [x] 2. Problem is completely defined.
{1 [1 [x] 3. Accident scenarios are developed in a clear and logical manner.
{1 [1 [x] 4 Analytical and technical approdehes and results are reasonable and

appropriate. (ORP QAFPP criterion 2.8)
[J [] [x] 5. Necessary assumptions are reasonable, explicitly stated, and supported.
(ORP QAPP criterion 2.2)

[1 [] [x] 6. Computercodes and data files are documented.
[]1 [1 [x] 7. Datausedin calculations are explicitly stated.
{1 {3 x] 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).

I1 {1 ix}] 9. Datawere checked for consistency with original source information as
applicable. (ORP QAPP criterion 2.9)

[T [] [x] 10. For bath qualitative and quantitative data, uncertainties are recognized and
discussed, as appropniate. (ORP QAPP criterion 2.17)

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

{1 ©3 Ix] 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.

£3 [} fx} 13. Spreadsheet results and all hand calculations were verified.

[1 {1 [x] 14 Calculations are sufficiently detailed such that a technically qualified person
can understand the analysis without requining outside information. (ORP
QAPP criterion 2.5}

[1 [} [x} 15.Software input is correct and consistent with the document reviewed.

[} [] [x] 16. Software output is consistent with the input and with the results reported in

the document reviewed,
[T [1 [x] 17 Software verification and validation are addressed adequately. (ORP Q4PP
criterion 2.6)
[1 11 [x] 18 Limits/enteria/guidelines applied to the analysis results are appropriate and
referenced. Limits/criteria/guidelines were checked against references.
(ORP QAPP criterion 2.9)
{x}  19. Safety margins are consistent with good engineering practices.
[x]  20. Conclusions are consistent with analytical results and applicable limits.
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21.
22.
23.
24.

25,
. The most recent version of each reference is cited, as appropriate.

26

27.
28,

29.
30.
31
32.
33.
34.
35,

36

37.
38.
30.
40.

41.
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CHECKLIST FOR TECHNICAL PEER REVIEW

Results and conclusions address all points in the purpose. (ORP QAPP
criterion 2.3)

All references cited in the text, figures, and tables are contained in the
reference list.

Reference citations {c.g., title and number) are consistent between the text
callout and the reference list.

Only released (i.e., not draft) references are cited. (ORP QAPP criterion 2.1)
Referenced documents are retrievable or otherwise available.

{ORP QAPP criterion 2.1)

There are no duplicate citations in the reference list.
Referenced documents are spelled out (title and number) the first time they
are cited.

Al acronyms are spelled out the first time they are used.

The Table of Contents is correct.

All figure, table, and section callouts are correct,

Unit conversions are correct and consistent.

The number of significant digits is appropriate and consistent.
Chemical reactions are correct and balanced.

All tables are formatted consistently and are free of blank cells,

. The document is complete (pages, attachments, and appendices) and in the

proper order.

The document is free of typographical errors.

The tables are internally consistent.

The document was prepared in accordance with HINF-2353, Section 4.3,
Attachment B, “Calculation Note Format and Preparation Instructions™.
Impacted documents are appropriately identified in Blocks 7 and 25 of the
Engineering Change Notice (form A-6003-563.1).

1f more than one Technical Peer Reviewer was designated for this document,
an overall review of the entire document was performed after resolution of all
Technical Peer Review comments and confirmed that the document is self-
consistent and complete.

Concurrence

Leona Aamot | Z“ *—ij—“ Z_/ / 5// 28

Reviewer (Printed Name and Signature) Date

* If No or NA is chosen, provide an explanation on this form.
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