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CONSEQUENCES OF A POSTULATED TANK BUMP
RELATED TO PROJECT W-320

D.A. Himes
3/18/97

The purpose of Project W-320 is to retrieve part or all of the soft sludge
from Tank 241-C-106 by sluicing it with supernate pumped from Tank 241-AY-102
and pumping the suspended sludge back to Tank 241-AY-102 (Sathyanarayana
1996). Tank 241-C-106 is a single-shell tank (SST) containing 197,000 gallons
(about 69 inches) of soft sludge with a total heat load estimated at 132,400
Btu/h (as of June 1994). This tank is on the High Heat Watch List and must
have periodic water additions to maintain the waste temperatures within
allowable Timits by means of evaporative cooling using active ventilation.
Tank 241-AY-102 is a double-shell tank (DST) with a sludge Tayer about 12
inches thick (32,000 gallons) and 812,000 gallons of supernate for a total
waste depth of about 30 feet. The estimated heat load of Tank 241-AY-102 is
33,000 Btu/h (as of February 1995). The immediate goal of the project is to
eliminate the need for continued water addition to Tank 241-C-106.

If the local temperature in the sludge Tayer of a waste tank reaches the
saturation temperature at that location for the intersticial solution at the
local hydrostatic pressure, the void fraction of the sludge will begin to
increase due to steam formation. This will decrease the local density of the
sludge and produce an increasing buoyant force as the void fraction increases.
This also creates a thermal runaway condition since the increasing void
fraction will decrease the thermal conductivity of the sludge causing the
temperature to rise faster. At some point the buoyant forces will exceed the
mechanical strength of the sludge layer and a steam plume will break out of
the sludge and rise toward the surface of the supernate layer. If the
supernate layer is cool enough, rapid condensation of the rising steam plume
can occur, and the plume may never reach the surface of the supernate layer.
In more severe cases, however, the steam plume may have sufficient size and
energy content to break through the surface of the waste and pressurize the
head space. This type of event (commonly referred to as a "tank bump")} can
have severe consequences due to entrainment of solids and liquids within the
steam plume, and possible failure of the tank ventilation system HEPA filters
along with back flow through pit drain lines and other openings, thereby
producing an energetic unfiltered release of tank waste to the environment.

Tank bumps have been reported in the mid-1950s in aging waste tanks. Some of
these incidents have produced radioactive contamination of the immediate
surroundings. Current heat loads in the tanks and the operation of active
ventilation systems have virtually eliminated the possibility of a tank bump
under normal operating conditions. A tank bump could still occur, however,
if operations related to the tanks produce any of the following conditions
without compensating measures being taken:
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1. Removal of material from a tank so as to reduce the hydrostatic pressure
within the sludge Tayer and, hence decrease the saturation temperature
of the intersticial solution;

2. Increasing the heat Toad in a tank by adding material;

3. "Fluffing" the sludge layer to a greater thickness so as to increase the
heat transfer distances for heat removal; or

4, Providing inadequate cooling of the tank for an extended period.

A1l of the first three conditions will occur during the transfer of material
from Tank 241-C-106 to Tank 241-AY-102. The fourth condition could occur due
to ventilation system failure, improper switching between ventilation modes
during the transfer, or a mistake in the real time calculations and
simulations used to plan operating mode changes during the sludge transfer
operations. In addition, the presence of an organic oil film on the top of
the supernate layer, if present, could impede evaporative cooling of the tank,
and the presence of any radiolytic or organic decomposition gas in the sludge
layer could decrease the thermal conductivity of the sludge. Either of these
conditions, if they develop, could raise sludge temperatures and thereby
decrease the safety margin.

Initial cooling of the tank contents, along with careful planning of transfer
increments and intermediate cooling periods will be needed, and are planned,
to maintain the maximum sludge temperatures in both tanks well below the local
saturation temperatures at all times during the operation. These measures
will, of course, be augmented by full use of the in-tank instrumentation and
use of ongoing computer simulations to project tank temperature profiles. The
mitigation of the tank bump accident therefore consists of preventing the
event thereby ensuring no consequent releases.

The purpose of this document is to present an analysis of radiological and
toxicological consequences of a conservative tank bump scenario which could
occur if preventative measures fail and the local sludge temperature exceeded
the saturation temperature for a long enough period of time to produce a
release of this type. Because of the nature of the release, there are no
effective mitigative actions which can be taken other than prevention of the
tank bump. The scenario analyzed here can therefore be regarded as the
unmitigated tank bump accident for this operation.

Description of Operation:

The saturation temperature in the sludge in Tank 241-C-106 will decrease by
about 1.1°C (2°F) for every foot of waste removed from the tank (Bander 1996) .
This effect is immediate upon removal of any waste from the tank. The effect
of cooling the surface of the waste, however, is very gradual over some period
of time (at least several weeks). Prior to the start of sluicing operations,
therefore, the tank contents will be cooled for some period of time by
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chilling the ventilation intake air to less than 4.4°C (40°F). A layer of
cooling water about 1 foot deep is maintained at all times on top of the
sludge layer to provide evaporative cooling and to keep the sludge wet.

During the sludge transfer operation, the variable-speed slurry pump in Tank
241-C-106 will take a suction in the sludge layer and direct the slurry to a
distribution head above the sludge layer in Tank 241-AY-102. At the same
time, the sluice pump in Tank 241-AY-102 will take a suction near the top of
the supernate Tayer and direct a flow of about 350 gpm to the sluice nozzle in
Tank 241-C-106 which will discharge above the waste, but below the top of the
tank liner. The sluicing nozzle will be remotely viewed and operated from the
control room so as to break up the sludge and direct it toward the slurry pump
intake. Thermal analysis (Bander 1996) indicates that incremental removal of
the sludge (about 2 ft at a time) followed by cooling periods of 1 to 2 weeks
should eliminate the possibility of a tank bump in 241-C-106.

The waste transferred into Tank 241-AY-102 will add to the heat load in the
tank causing an increase in the sludge temperatures. In addition, the sludge
from 241-C-106 will probably not settle back immediately to its original
volume, but will initially remain "fluffed" to some greater volume and
therefore depth. This increases the distance over which heat transfer must
take place, and further increases the temperature in the sludge. At this
point the amount of fluffing (the fluff factor) to be expected is uncertain.
As a preliminary estimate based on past experience in other tanks, a fluff
factor of 2 is being assumed. After an addition, the sludge temperatures will
not reach their new steady-state values for some time (about 300 days for
transfer of 2 ft of sludge from 241-C-106) (Sathyanarayana 1997). Real-time
temperature data on the tank contents will therefore have to be input in the
form of an initial temperature history into a computer simulation in order to
project what the final sludge temperature will be. The results will be used
to plan cooling times and further sludge transfers.

Thermal analysis of Tank 241-AY-102 (Sathyanarayana 1997) indicates that only
2 ft of sludge can be safely retrieved from Tank 241-C-106 with the present
secondary (annulus) ventilation system which provides 155 cfm to the tank
floor channels. Transfer of more than 2 ft of sludge will require
considerable modifications to the 241-AY-102 annulus ventilation system to
provide adequate cooling through the bottom of the tank.

Tank Bump Scenarios:

In this operation, material will be removed from C-106 and added to AY-102 so
that a bump in C-106 should be bounded by the existing tank farm safety
documentation. A number of bump scenarios were analyzed using a 2-D computer
simulation (Sathyanarayana 1996) and it was found that greater waste depth
allowed a larger amount of energy to be accumulated in the sludge prior to an
event, leading to more severe bumps with larger releases. A bump in C-106 was
therefore assumed to be bounded by bumps analyzed for AY-102 in terms of
release consequences. In addition, if a bump were to occur, the nature of the
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operation indicates a much higher 1likelihood for a bump in AY-102 than in
C-106.

The following basic assumptions were made in the analyses of the scenarios
considered here (Sathyanarayana 1996):

1. A total of 4.75 ft of sludge was assumed to have been transferred from
C-106 to AY-102 producing a total sludge depth of 11 ft in AY-102 (fluff
factor = 2). The total pool depth was assumed to be maintained at 30 ft
at all times.

2. A "best estimate" temperature profile was assumed for the sludge layer
corresponding to conditions Teading to an initial bump due to inadequate
cooling for the heat load.

3. Decreasing the resistance to leakage out of the tank head space will
increase the severity of the bump and, in general, tend to increase the
quantity of steam released. In the cases considered here, the vent
configuration with the Targest steam release was assumed since it
maximized the consequences with regard to transportable, respirable

releases.

4, It was assumed that there was essentially no slip between phases and no
deposition in the system except settling in the tank waste following the
release.

5. The sludge viscosity determines, in part, the ability of the sludge to
trap steam bubbles and also determines the degree to which sludge at the
saturation temperature is separated from subcooled sludge and supernate
during a bump. A maximum viscosity of 8000 1bm/ft-s (1.2E+7 cp) was
assumed in these analyses for sludge having maximum volume fraction of
particles.

6. A higher sludge yield strength will allow more energy to be stored in
the sludge before the steam can break out of the sludge layer. However,
a higher yield strength will also hold some sludge in place preventing
it from participating in the bump. It was assumed that the net effect
of the yield strength would be to reduce the magnitude of the bump, and
so the sludge yield strength was assumed to be zero in these analyses.

7. The potential for the steam to condense and the sludge to cool before
the steam can reach the surface of the pool increases as the supernate
subcooling increases. Simulations were performed which neglected
condensation (i.e., supernate at saturated conditions), and which
included condensation in subcooled supernate. To take credit for
condensation it would be required to establish the amount of subcooling
in the supernate when the bump occurred. Condensation in the supernate
layer was conservatively neglected in the scenarios used here.
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The tank bump simulations were based on 11 ft of sludge in Tank 241-AY-102
with the properties of the consolidated waste of tank C-106 and tank AY-102.
Parameters used in the analyses were as follows:
Tank:

Primary Tank Diameter 75 ft
Secondary Tank Diameter 80 ft

Tank Contents:

Undissolved (dry) Solids Density
Aqueous Solution Density

STudge (1iquid-solid mixture) Density
Total Waste Depth

Supernatant (aqueous solution) Depth
Sludge (nonconvective layer) Depth
Tank AY-102 Heat Load

Transferred C-106 Sludge Heat Load
Total Heat Load

Supernatant:

Heat Capacity
Thermal Conductivity
Heat Generation Rate

Insoluble Solids:

Heat Capacity

Thermal Conductivity

Heat Generation Rate, Unwashed Waste
Particle Size, Washed Waste

Volume Fraction of Solids

113.9 1bm/ft3 (1.82 g/cm)
75.5 1bm/ft] (1.21 g/cm’)
81.2 1bm/ft?

30 ft

19 ft

11 ft

33,000 Btu/hr

92,400 Btu/hr

125,000 Btu/hr

0.8 Btu/Tbm-°F
0.35 Btu/hr-ft-°F
0.0 Btu/hr-1bm

.2 Btu/Tbm-°

.0 Btu/hr-ft- °F
.1394 Btu/hr-Tbm
-~ 10 gm range
pgm average
16.25%

U'|>—'OU'|O

The transferred sludge thickness was based on the assumption that the sludge
particles from tank C-106 will resettie to a particle concentration at least
half as large as that which currently exists in that tank. The normal
operation of tank AY-102 with the consolidated sTudge will require a primary
ventilation flow of about 600 cfm and a secondary flow of at least 2000 cfm
(or equivalent if intake air is chilled) in order to keep the maximum sludge
temperatures below the OSR criteria. Insufficient cooling (especially in the
tank floor channels) over a long period (months) can be expected to lead to a
tank bump. Complete Toss of floor cooling channel flow will cause the peak
sludge temperatures to reach saturation values in about 60 days.
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Atmospheric Transport:

Receptor locations and atmospheric dispersion factors (X/Q') were developed
and are reported in WHC-SD-WM-SARR-016, Tank Waste Compositions and
Atmospheric Dispersion Coefficients for Use in Safety Analysis Consequence
Assessments (Van Keuren 1996a). For these short duration ground level
releases the <1 hour X/Qs are used. The reported values are X{Q‘ = 3.41E-2
s/m* for the onsite receptor (at 100 m) and X/Q' = 2.83E-5 s/m’ for the
offsite receptor (at the site boundary or the near bank of the Columbia River,
whichever is closer). Note that for very short duration releases, these time-
integrated X/Qs are used only for radiological doses. For toxicological
exposures puff X/Qs must by used which take into account dispersion in the
direction of travel in order to obtain an accurate estimate of peak
concentration as the plume passes the receptor. The puff X/Qs are built into
the unit release sums of fractions (SOF) developed in WHC-SD-WM-SARR-011,
Toxic Chemical Considerations for Tank Farm Releases (Van Keuren 1996b) and do
not need to be handled explicitly here.

Consequence Methodology:

Radiological and toxicological consequences of releases from the 200 Area Tank
Farms were calculated using radiological dose and toxic exposure conversion
factors developed in WHC-SD-WM-SARR-037, Development of Radiological
Concentrations and Unit Liter Doses for TWRS FSAR Radiological Consequence
Calculations (Cowley 1996) and WHC-SD-WM-SARR-011, Toxic Chemical
Considerations for Tank Farm Releases (Van Keuren 1996b). Unit Liter Doses
(ULD) for Tank 241-AY-102 solids and liquids are shown in Table 1. Inhalation
and ingestion ULDs were taken from WHC-SD-WM-SARR-037 for AWF tanks.

Table 1: Unit Liter Doses (ULD) for Tank 241-AY-102
waste components

Inhalation Ingestion

Waste Component ULD (Sv/L) ULD (Sv-ms/s-L)
Tank 241-AY-102 Liquids 1.4E+3 9.2E-2
Solids 1.7E+6 8.1E+0

These ULDs were used to calculate onsite and offsite receptor radiological
doses using the following formulas. A1l doses are 50-year committed effective
dose equivalents (CEDE). Ingestion doses are for a 24-hour uptake period by
the offsite receptor immediately after the passage of the plume assuming a 24
hour delay before evacuation and/or interdiction of food supplies.
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For onsite and offsite inhalation doses:
Dy = (Q)(X/Q") (BR) (ULD, )
And for offsite ingestion doses:

Ding = (Q)(X/Q") (ULD; )

Where
D;y = inhalation dose (Sv)
ing = ingestion dose (Sv)
Q = respirable release in terms of 1liters of waste material (L)
X/Q' = atmospheric dispersion coefficient (s/ms)
BR = receptor breathing rate (mz/s)
ULD; ., = inhalation unit Titer dose (Sv/L)

ULD;,y = ingestion unit liter dose (Sv-mZ/s-L)

For releases with a duration or expgsure time less than 24 hours, the Tight
activity breathing rate of 3.3E-4 m’/s is assumed.

Toxicological exposure units were developed in WHC-SD-WM-SARR-011 in terms of
a sum-of-fractions per unit release rate (L/s), or per unit release (L) for
very short duration (puff) releases. Puff releases are defined in WHC-SD-WM-
SARR-011 as being releases with durations <3.5 s for the onsite receptor or
<250 s for the site boundary receptor. This parameter already contains the
receptor X/Q' (1 h or puff) and the chemical component limits associated with
a particular accident frequency. The frequency for the tank bump scenarios
considered here has been designated as anticipated with a frequency range of 1
- IOQ/y. Unit release sums of fractions for DST or AWF waste given in WHC-
SD-WM-SARR-011 are shown in Table 2.

Table 2: Unit release toxicological sums of fractions
for DST or AWF waste components for
anticipated accident frequency (1 - 10°%/y)

Sum of Fractions

Continuous Puff

Receptor Waste Component (s/L) (L4)
Onsite Double-Shell Liquids 1.0E+4 2.9E+3
or AWF Solids 1.8E+4 5.2E+3

Offsite Double-Shell Liquids 8.4E+0 3.4E-2
or AWF Solids 1.9E+2 7.7E-1
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Results:

The sludge temperatures were initialized according to the best estimate
profile assuming an extended loss of cooling lTeading to an initial tank bump
(Sathyanarayana 1996). No credit was taken for condensation in the supernate
layer in order to produce a bounding case. Several scenarios differing only
in the vent pathway configuration were simulated. A wide open vent pathway
out of the tank maximized the direct ejection of waste material, but did not
maximize steam releases and releases of transportable, respirable material.
The highest head space pressure reached for the most restrictive vent path
assumed was about 5.0 psig.

In the case of the Teast restrictive vent path which produced the most violent
bump and the largest amount of ejected waste material. The head space
pressure reached a maximum of about 4.1 psig. A total of 900 1bm of Tiquid
waste and 90 1bm of solids were ejected during the pressure spike along with
release of about 1500 Tbm of steam. Maximum flow rates were about 1750 Tbm/s
for the Tiquids and about 170 1bm/s for the solids. Of the 990 1bm (4.49E+5
g) of waste material ejected, 91% was liquids and 9% was solids by weight.
The physical Tocations of the various tank openings were included in the
simulation and strongly effected where the waste material came out. In this
case all the waste material came out of a single vent path along with 200 Tbm
of the steam. The other 1300 1bm of steam exited via other paths and did not
carry any waste material (according to the simulation).

The volume of the steam associated with the expulsion of waste material can be
estimated by using the specific volume of saturated steam at 1 atmosphere as
follows:

Steam Volume = (200 1bm)(26.8 ft3/1bm)(2.832E-2 m*/ft3) = 1.52E+2 m°

Assuming for such a short duration release that the steam explosion would
initially form a cloud over the release point with the waste material
suspended as an aerosol, the tota1 aerosol 1oad1ng in the cloud would then
given by (4.49E+5 g)/(1.52E+2 m ) 2.96E+3 g/m Even with some turbulent
mixing with air, this far too great a load to be sustained in air for even a
short time, and material would rapidly fall out of the cloud until the air
loading decreased to some short-term sustainable value.

The maximum susta1nab1e loading of an aerosol mist in air is normally assumed
to be 100 mg/m® (ANSI N46.1 1980). However, since the air loading here is for
a very short-time transient condition until sufficient turbulent mixing with
the surrounding air and enough evaporation of the water portion of the liquid
release can occur, ten times this value, or 1 g/m’, is assumed for
conservatism. The total re]ease which can be transported downwind is
therefore (1 g/m*)(1.52E+2 m °) = 1.52E+2 g. This is a very small amount
compared to the total material originally ejected from the tank in the
simulation. Such a loading in the "pure" steam issuing from the tank could
easily be considered negligible compared to the waste material directly
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ejected out of the tank openings (nearly all of which would end up laying on
the ground around the release point).

It could, in fact, be reasonably assumed that all of the steam issuing from
such an explosion would carry a transient loading of 1 g/m° of aerosol. It
seems reasonable for this accident, therefore, to assume that all the
transportable aerosol which could affect a dowpwind receptor is carried by the
released steam at a transient Toading of 1 g/m”. The maximum steam release
for any of the scenarios considered was 2100 1bm over a release duration of
about 3 seconds. This scenario was chosen because it produces the greatest
consequences using the methodology presented here. As before, the total
volume of the steam carrying the maximum transient loading of 1 g/m° of waste
material can be estimated by using the specific volume of saturated steam at 1
atmosphere as follows:

Steam Volume = (2100 1bm)(26.8 ft3/1bm)(2.832E-2 m3/ft3) = 1.59E+3 m’
Assuming the same liquid-solid ratio by weight as in the original release for

this scenario (620 1bm liquid and 78 Tbm solids), the net transportable
releases are given by:

Liquids ==> (89%)(1.59E+3 g)(1E-3 L/cm®)/(1.21 g/cm®) = 1.17E+0 L

Solids ==> (11%)(1.59E+3 g)(1E-3 L/cm’)/(1.82 g/cm®)

n

9.63E-2 L

This mix is conservative since evaporation of the water portion of the liquid
waste during the mixing and transport process would permit more of the
material dissolved in the Tiquid waste to remain suspended, thereby shifting
the mix toward the 1iquid component (which has a Tower ULD). Note also that
the 1 g/m initial loading includes the water portion of the Tiquid waste
component which would rapidly evaporate during transport leaving only the
dissolved solids. For this reason the usual maximum air loading of 100 mg/m
at the onsite receptor cannot be used in this case to assume additional
fallout. Radiological doses are then calculated according to the standard
formulas discussed earlier using the ULDs in Table 1 as follows.

Onsite receptor inhalation:

Liquids ==> (1.17E+0 L)(3.41E-2 s/m’)(3.3E-4 m*/s)(1.4E+3 Sv/L)
= 1.84E-2 Sv (1.84E+0 rem)

Solids ==> (9.63E-2 L)(3.41E-2 s/m’)(3.3E-4 m*/s)(1.7E+6 Sv/L)
= 1.84E+0 Sv (1.84E+2 rem)

Total onsite dose ==> 1.86E+0 Sv (1.86E+2 rem)
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0ffsite receptor inhalation:

Liquids ==> (1.17E+0 L)(2.83E-5 s/m’)(3.3E-4 m’/s)(1.4E+3 Sv/L)
= 1.53E-5 Sv (1.53E-3 rem)

Solids ==> (9.63E-2 L)(2.83E-5 s/m°)(3.3E-4 m’/s)(1.7E+6 Sv/L)
= 1.53E-3 Sv (1.53E-1 rem)

Total offsite inhalation dose ==> 1.54E-3 Sv (1.54E-1 rem)

Offsite receptor ingestion:

Liquids ==> (1.17E40 1)(2.83E-5 s/m)(9.2E-2 Sv-m*/s-L)
= 3.05E-6 Sv (3.05E-4 rem)

Solids ==> (9.63E-2 L)(2.83E-5 s/m’)(8.1E+0 Sv-m*/s-L)
= 2.21E-5 Sv (2.21E-3 rem)

Total offsite ingestion dose ==> 2.51E-5 Sv (2.51E-3 rem)

Total offsite dose ==> 1.58E-3 Sv (1.58E-1 rem)
Toxic exposures were calculated as previously discussed using the unit release
ULDs shown in Table 2. Since the release duration is about 3 s, puff ULDs
were used.
Onsite receptor SOF:

Liquids ==> (1.17E+0 L)(2.9E+3 L") = 3.39E+3

Solids ==> (9.63E-2 L)(5.2E+3 L") = 5.01E+2

Total onsite SOF ==> 3.89E+3

0ffsite receptor SOF:
Liquids ==> (1.17E+0 L)(3.4E-2 L'") = 3.98E-2
Solids ==> (9.63E-2 L)(7.7E-1 L") = 7.42E-2
Total onsite SOF ==> 1.14E-1
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Conclusions:

The results of the unmitigated tank bump in AY-102 are summarized in Table 3.

Table 3: Consequences of unmitigated tank bump in AY-102

Evaluation Guideline

Hazard Receptor Dose/Exposure (Anticipated)
Radiological Offsite 1.6 mSv 1 mSv
Onsite 1.9 Sv 5 mSv
Toxicological Offsite 1.1E-1 1
Onsite 3.9E+3 1

Note that the release contributions due to waste material initially suspended
in the tank head space and on the exhaust vent HEPA filter are negligible
compared to the releases from the bump itself and were not included. Note
also that the assumed initial Toading of the steam plume at 1 g/m3 is a
conservative engineering judgement. The inital steam plume loading could be
somewhat higher, which would not effect the conclusions, but there is no
technical justification for assuming a Tower value.
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