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CONSEQUENCE ANALYSIS OF A LINER BREACH 
DUE TO STEAM UNDER THE LINER 

Executive Summary: 

If water is present under the bottom liner of a single shell tank, it is possible under 
certain conditions for the water under the liner to reach saturated conditions and to lift the liner 
against the hydrostatic pressure of the overlying sludge and supernate waste layers within the 
tank. Such a condition could cause a steam release from under the tank liner if sufficient 
localized deformation is produced in the liner to cause a failure (breach). Such a release of 
steam from under the liner would pass upward through the waste and inject entrained aerosol 
into the tank void volume. Some portion of the resulting aerosol suspended in the tank void 
volume could then be released through unfiltered pathways if the tank pressure exceeds 
atmospheric due to the added steam volume. 

This document reports the results of an analysis of the potential for, and possible 
consequences of, a liner breach and possible stedparticulate release in Tank 241-C-106. The 
event is postulated to be due to leakage of water under the tank liner and subsequent 
vaporization of this water due to tank heating in connection with Project W-320 sluicing 
operations. The major conclusions of this analysis are as follows: 

1. The bottom liner of the tank rests on a thick asphalt mat which, at the local prevailing 
temperature, will tend to flow and fill any local irregularities in the bottom liner, and on a 
larger scale the bottom liner will act like a thin diaphragm. Voids of any substantial size 
which could contain liquid at less than the local hydrostatic pressure are therefore not 
expected to be able to exist under the liner. It is therefore expected that, prior to tank dry- 
out, any substantial amount of liquid under the liner will have a greater temperature margin 
to saturation than the sludge above it in the tank. A high heat condition (or loss of cooling) 
will then initially lead to a steam bump before flashing of steam under the liner. A steam 
bump will have much greater consequences than a liner breach due to the larger amount of 
material involved and the lack of resistance to the release (is.,  the liner with a failed weld). 
The consequences of a liner breach will therefore not add significantly to the consequences 
of a steam bump, which are already unacceptable. The required controls to prevent the 
steam bump will also prevent a liner breach under wet conditions. 

2. This accident is therefore only of concern after completion of sluicing operations when the 
sludge layer has been allowed to dry out and temperatures increase due to the loss of 
evaporative cooling. 
shows the radiological and toxicological consequences to be well below the most restrictive 
guidelines for the unmitigated (is.,  unfiltered release) case. Moreover, the maximum tank 
pressure from this event was found to be much less than the pressure required to challenge 
the integrity of the ventilation HEPA filters. 

If such a liner breach event should occur at that point, the analysis 
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CONSEQUENCE ANALYSIS OF A LINER BREACH 
DUE TO STEAM UNDER THE LINER 

Purpose: 

The objective of Project W-320 is to remove most of the soft sludge in Tank 241-C-106 
by sluicing with supernate pumped from Tank 241-AY-102 and pumping the suspended sludge 
back to Tank 241 -AY- 102. Tank 24 1 -C- 106 is on the High Heat Watch List and water must be 
periodically added to maintain waste temperatures within allowable limits. The immediate 
goal of the project is to eliminate the need for continued water additions to Tank 241-C-106 
and resolve the high-heat safety issue. 

The purpose of this document is to analyze the potential for, and possible consequences 
of, a liner breach and possible steandparticulate release in Tank 241-C-106 due to leakage of 
water under the tank liner and subsequent vaporization of this water due to tank heating. 

Introduction: 

If water is present under the bottom liner of a single shell tank, it is possible under 
certain conditions for the water under the liner to reach saturated conditions and to lift the liner 
against the hydrostatic pressure of the overlying sludge and supernate waste layers within the 
tank. This condition occurred in Tank A-105 sometime prior to January 28, 1965 leading to a 
steam bump-like release on that date (Beard et. al., 1967) albeit at much higher waste 
temperatures than are envisioned for Tank 241-C-106. Such a condition can cause a release 
either by causing a failure (breach) in the tank liner with a release of steam from under the liner 
which passes upward through the sludge and supernate layers, or, if the liner is not breached, 
by mechanically disturbing the sludge. In either case, if saturated conditions exist in the sludge 
layer (prevented by controls to prevent steam bump), a steam bump could be triggered in 
addition to any release from under the liner. Because of the nature of the sluicing operation 
(Le., agitation of the sludge and removal of material) Tank 241-C-106 will have to be cooled 
prior to the start of any sluicing operation so that none of the sludge layer can reach saturated 
conditions thus precluding a steam bump. 

Since it is not expected that a significant amount of sludge (with attendant high heat 
generation rate) can get under the liner, the downward heat conduction path will be from the 
hottest part of the sludge layer through the liner and into the ground. In addition, the material 
under the liner will be under a greater hydrostatic pressure than the sludge hot spot above. 
This implies that any liquid under the liner will have a greater temperature margin to saturation 
than the hottest part of the sludge layer. Controls in place to prevent a steam bump during 
sluicing operations will therefore effectively prevent any steam formation under the liner. The 
only concern, therefore, is the period after sluicing operations are ended when the residual 
sludge layer is allowed to dry out and temperatures increase due to the loss of evaporative 
cooling. 
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Temperature conditions in Tank 241-C-106 were previously (in the 1970's) much more 
severe (with boiling of the waste) than they are now. It is therefore assumed that any water 
initially present under the liner has long since been evaporated and that there is presently no 
significant amount of wafer under the liner (Bander, et. Al., 1994). The present concern is that 
the sluice stream could strike the tank liner at a spot weakened by corrosion causing a 
penetration of the liner with consequent penetration of liquid behind the liner. Supernate could 
then make its way down to the base mat and possibly seep under the tank. 

Dry-out of a residual sludge layer in the tank would then (a) decrease the hydrostatic 
pressure under the tank liner (thereby lowering the saturation temperature of any supernate 
under the liner) and (b) heat up due to the elimination of the primary evaporative cooling 
mode. Supernate, if present, under the liner could then flash to steam, deforming and possibly 
breaching the liner. Such a steam release through a breach in the liner could then entrain waste 
from the dry sludge layer and pressurize the tank with a resulting release to the environment. 

Description of System: 

Tank 241-C-106 is 23 m (75 ft) in diameter and is fabricated of reinforced concrete 
with a carbon steel liner on the bottom and sides. The bottom of the tank is dished 31 cin (12 
in) deep at the center and rests on a 5 cm (2 in) layer of asphalt composition material which in 
turn rests on a reinforced concrete slab 15 cm (6 in ) thick. The bottom liner and transition 
(between the bottom plate and side walls) are 0.95 cm (3/8) thick while the side walls vary 
from 0.95 to 0.64 cm (3/8 to 114 in) thick. The liner extends 5.5 m (18 ft) up the wall to the 
base of the dome which is unlined reinforced concrete 38 cm (1 5 in) thick. During 
construction, the outside wall of the liner was covered with an asphalt composition membrane 
and was then used as the inside form for the pouring of the concrete wall. Differential thermal 
expansion will expand the liner slightly inore than the concrete and so will tend to compress 
the intervening waterproof membrane. It is expected, therefore, that the joint between the liner 
and the concrete will be very tight with little, if any, space for water intrusion. The top of the 
liner is covered with lead flashing to prevent moisture from entering any space between the 
liner and the concrete wall. The center of the dome (inside) rises 4.1 m (1 3 ft 7 in) above the 
top of the liner. 

When sluicing is not in progress the tank is ventilated by the 296-P-16 ventilation 
system, For this project an inlet air chiller system has been installed which can provide inlet 
air flow at a constant 4.4'C (40'F). This system maintains confinement by providing a 
negative pressure on the tank and sweeps out any flammable gases in addition to providing 
cooling. It is expected that this system will be maintained in operation after the residual sludge 
layer is allowed to dry out upon completion of sluicing operations. 

Scenario Development: 

Because of the history of Tank 241-C-106, which includes periods when heat 
generation rate and waste temperatures were far higher than they are today, it is assumed that 
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any water under the tank liner has long since been dissipated and no significant voids exist 
under the liner. The only identified potential source of water under the liner now is leakage 
down the outside of the liner caused by sluicing operations inside the tank. The sluicing nozzle 
is mechanically prevented from aiming sluicing fluid near the top of the liner so that the only 
remaining possibility is the impact of sluicing fluid against a weak spot on the liner wall which, 
for example, could have been thinned 6y corrosion. Supernate could then be forced, or leak, 
through the opening in the liner and seep down to the base mat where it could penetrate under 
the liner forcing a slight separation between the tank liner and the asphalt sealer. The pressure 
head required to force this separation would have to at least exceed the hydrostatic pressure 
under the liner since the liner would behave in this case like a thin, flexible diaphragm. The 
hydrostatic pressure under the liner is determined by the thickness of the sludge layer and the 
density of the sludge plus the thickness of the overlying supernate and the density of the 
supernate plus the weight ofthe liner per unit area. 

In terms of an equivalent height of supernate (specific gravity = 1.2) the hydrostatic 
head under the liner is, for example, given by (0.3 m) + (1 m)(1.4/1.2) + (0.0095 m)(7.83/1.2) 
= 1.53 m for 0.3 m (about 1 ft) of supernate, 1 m Of sludge (specific gravity = 1.4), and a 3/8 in 
(0.0095 m) liner assuming a density of 7.83 g/cm’ for carbon steel. This compares to the 
corresponding waste height in the tank of 1.3 in. Thus in this example the liner penetration 
would have to be at least 22 cm (23 cm column minus 1 cm for the liner) above the top of the 
waste to provide a supernate column outside the liner just able to counter the hydrostatic 
pressure under the liner. As the sludge layer becomes thinner the required height above the top 
of the waste would become less until at zero sludge thickness (at the edge of the tank), the only 
difference would be due to the weight of the liner. Note, however, that in order to reach the 
center of the bottom liner, an additional 0.3 m (12 in) of sludge hydrostatic pressure must be 
overcome due to the dished bottom. This corresponds to an additional (0.3 m)(1.4,/1.2) = 35 
cm of supernate column. 

Two possibilities exist for the position of the initiating penetration through the liner. 
First, the penetration could be above the liquid level in the tank. In such a case sufficient head 
could be available, if the penetration is high enough, to force liquid under the bottom of the 
liner. However only a relatively small amount of liquid could be introduced through the 
penetration since the only source would be the moving sluice stream itself. Second, the 
penetration could be below the liquid level in the tank, in which case supernate could continue 
to leak through the liner penetration, but there would not be sufficient head to force liquid 
under the liner. As the waste level in the tank is lowered during the sluicing operations, a liner 
penetration which was initially below the liquid level may rise above the liquid and a column 
of liquid behind the liner and below the penetration could become sufficient to cause 
penetration under the bottom liner as the tank level falls. The amount of penetration would still 
be severely limited, however, since no additional liquid could be introduced behind the liner 
except by direct impact of the sluice stream against the penetration. 

There is no mechanism to inject a significant amount of sludge (with its attendant heat 
generation) under the liner so the liquid under the liner cannot be at a higher temperature than 
the adjacent sludge above it in the tank. In addition, since the bottom liner will behave as a 
diaphragm (at least away from the edge) the hydrostatic pressure below the liner will always be 
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higher than in the sludge above it. While there is liquid in the tank, therefore, a saturation 
condition in any liquid below the liner implies supersaturated conditions in the sludge layer. 
Such a condition would be conducive to a tank bump concurrent with any steam release 
through a breach in the liner and would just add to the consequences of the tank bump. The 
consequences of a tank bump, alone, are unacceptable. The tank bump event is therefore 
prevented by controls which would also very effectively prevent a steam flash below the liner 
which could add to the consequences of a bump. The liner breach accident is therefore 
considered not to be a concern while there is still liquid In the tank and tank bump prevention 
controls are in affect. 

After sluicing operations are concluded, the periodic water additions will stop and any 
residual sludge layer will be allowed to dry out and heat up. With the tank in this condition 
any liquid under the liner could reach saturated conditions and begin to form steam. This 
would cause a lifting of the liner only if the path by which the liquid entered the space under 
the liner had become blocked. Note that in this condition (dry sludge layer) lifting of the liner 
would not by itself decrease the pressure under the liner since the residual sludge layer would 
just lift with it. A steam flash would therefore occur only if the blocked path to the side of the 
tank suddenly opened or if the liner breached depressurizing the steam bubble under the liner. 
If neither event occurred and the steam could exit slowly as it was generated out along the edge 
of the tank and up along the side liner (considered most likely) or if the tank cooled and the 
steam recondensed, the bottom liner would be lowered (like a diaphragm) back to its initial 
position and there would be no significant release and no consequence. 

In the unlikely event that the liquid entrance path had become sealed and sufficient 
liquid was available to produce enough steam to severely strain the liner, the liner could 
breach, In this case a substantial stream release could occur through the dry sludge layer and 
possibly challenge the ventilation exhaust HEPA filter due to over-pressure. This is the worst- 
case unmitigated release identified for this scenario. A structural analysis (Bander, et al., 
1994) has shown that the steam produced by vaporizing about 26 L (7 gal) of water could 
generate about 22 kPa (3.2 psi) differential pressure across the liner forming a blister with a 
volume of roughly 40 m3 for the conditions postulated in his analysis. It was calculated that if 
this blister occurred adjacent to the weld joining the liner bottom to the transition at the side of 
the tank it could breach the liner at the weld. Note, however that this location places the blister 
away from the center (high temperature region) of the tank. 

Major Assumptions: 

1 ,  Due to the high-heat history of Tank 241-C-106, it is assumed that any water which was 
initially under the tank liner has long since dissipated, and that there is now no significant 
amount of water or voids under the liner. 

2. Despite the compression stress on the liner-asphalt membrane-wall interface and the 
required position of the liner failure above the waste liquid level, it is assumed that 30.5 L 
(8.1 gal) of liquid are able to penetrate under the liner below the tank. This is the minimum 
amount calculated to be necessary to be able to cause a liner breach near the bottom-wall 
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transition given the final sludge depth assumed in this analysis. The assumption of no 
more than 30.5 L of liquid under the liner is considered conservative in view of the 
difficulty of injecting liquid behind the liner to the depth necessary to float the liner and 
provide space for liquid ingress. The consequences of the liner breach would be roughly 
proportional to the amount of liquid reaching saturated conditions under the liner. 

3. In order for the steam release to occur, it is assumed that dry waste temperatures near the 
edge of the tank are sufficient to vaporize water under the liner even though the waste will 
be thinner and, therefore, much cooler at that location than near the middle where the waste 
is thicker due to the dished bottom of the tank. It is considered much less likely that liquid 
could reach the hotter area near the center of the liner due to the higher hydrostatic pressure 
there. In addition, there is no mechanism to breach the liner at locations far from the 
bottom-wall transition. 

4. A maximum sludge depth of 0.914 m (3 ft) at the end of sluicing operations was assumed 
for this analysis. Increasing the final sludge depth would increase the hydrostatic pressure 
under the liner leading to a slight increase in the mass of saturated steam necessary to fail 
the liner. In addition, the tank headspace volume would decrease slightly causing a small 
increase in the aerosol concentration in the headspace air. Overall, the consequences of the 
release are relatively insensitive to the final sludge depth. Increasing the sludge depth from 
0.792 m (2.6 ft) to 0.914 m (3.0 ft), for example produced no change in the event 
consequences to two significant figures. 

Release Calculation: 

The maximum amount of sludge which could be left in the tank after completion of 
sluicing operations was calculated to be 0.79 m (2.6 ft) in a thermal analysis by Bander, et al. 
(1996) based on worst-case heating conditions. Without ventilation this amount of dry sludge 
could result in temperatures above saturation. In reality the amount of dry sludge left in the 
tank will likely be much less. For purposes of this analysis, however, a final sludge depth of 
0.914 (3.0 ft) was conservatively assumed. Based on the assumed maximum of 0.792 m (2.6 
ft) of dry sludge left in the tank, the pressure under the tank liner can be determined as follows: 

p ,  = pfih( lkPu/ lOOOPa)+p, , ,~~~ 

Where: 
pl 
pal,,, 
p 
g 
h 

= pressure at bottom of sludge layer (kPa) 
= Atmospheric pressure (101 kPa [14.7 psi]) 
= bulk density of dry solid waste (kg/m’) 
= acceleration of gravity (9.81 m/s2) 
= depth of residual sludge layer (m). 

Assuming the wet sludge to have a density of about 1.4E+3 kg/m3 (Brevick 1996), with a 
conservatively estimated interstitial liquid content of about 0.3, implies that the dry sludge (at 
the same bulk volume with the water removed only from the interstitial spaces leaving any 
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dissolved material) would have a density of about 1.4E+3 kg/m3 - (0.3)(1.OE+3 kg/m3) = 

1.1E+3 kg/m3. During the drying process the depth of the sludge layer would probably shrink, 
but the weight per unit area on the tank bottom would be the same. The resulting pressure at 
the bottom of the dried sludge layer is 11 1 kPa (16.1 psi). Adding the 22 kPa (3.2 psi) 
differential pressure required to breach the liner yields 133 kPa (19.3 psi) in the steam blister 
under the liner. 

The temperature and specific volume of saturated steam at this pressure can be derived 
from standard steam tables. For a saturation pressure of 133 kPa (19.3 psi) the corresponding 
temperature is 10S0C (226’F) and the vapor specific volun~e is 1.30 m3/kg (20.8 ft3/lb). In 
order to produce a 40 m3 blister, and hence the strain which could fail the transition weld, (40 
m3)/(1.30 m3/kg) = 30.8 kg of steam under the liner (corresponding to 30.8 L [8.1 gal] of initial 
liquid water) would be necessary in this case. When the liner breaches, the steam is assumed 
to vent directly through the dried sludge layer allowing the blister to initially depressurize to 
essentially 1 atmosphere. The specific volume of steam at 1 atmosphere is 1.67 rn3/kg (26.8 
ft3/lb). The steam is assumed to expand adiabatically (is.. at constant specific entropy) into the 
tank void space (while remaining saturated) to a specific volume of 1.67 m3/kg (26.8 ft3/lb) 
while cooling to 100°C (212’F). A look at a Mollier chart shows that about 1.5% of the steam 
will condense during the isentropic expansion from 133 kI’a (19.3 psi) to 1 atmosphere. This 
condensed moisture will form a water aerosol which will be entrained in the steam flow. The 
effect of this small amount of condensation is considered insignificant and was ignored. The 
total volume of the steam expelled at 1 atmosphere is then (1.67 m3/kg)(30.8 kg) = 51.4 m3. 

As the steam is vented from the 40 m3 blister under the liner, it is expected that the liner 
would collapse back to its initial position against the concrete base since the only force 
supporting the liner was the pressure of the steam and since, at least away from the edge of the 
tank, the liner would act like a thin diaphragm. Near the edge of the tank, however, a residual 
cavity could remain under the liner due to yielding of the liner near the transition. Since, 
however, the volume of the blister under the liner is exactly compensated for by a reduction in 
the tank void volume due to the displacement of the dried sludge layer, the void volume under 
the liner plus the tank void volume is a constant equal to the tank void volume with no liner 
displacement. In either case, therefore, the net addition to the tank void volume would be only 
51 m3 -40 m3 = 11  m3 of steam. 

The internal height of the tank wall is 5.5 m so that the assumed residual dried sludge 
depth of 0.91 m leaves 4.6 m of free space plus the volume of the dome. Using the standard 
formula for the volume of a cylinder and the tank radius of 1 1.5 m (37.5 ft), the free space 
below the dome is 1910 m3. Assuming the dome to be a section of a sphere, the volume is 
given by : 

1 
6 

v = -nh(h? +3r’)  

Where h and r are the height and radius of the dome, respectively. For h= 4.1 m and a tank 
radius of 11.5 m, the resulting volume is 1030 m3. The resulting tank free volume is 2940 m3. 
This does not include any interstitial void volume within the dried sludge layer since this 
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volume may not be fully accessible from the tank void space. No allowance was made for any 
volume associated with a residual void volume under the liner since this would be exactly 
compensated for by the corresponding reduction in the tank void volume. 

Assuming the bounding case where the steam release occurs very rapidly, the net 11 m3 
volume addition to the tank void space increases the pressure by a factor (2940 m3 + 11 
m3)/(2940 m3) = 1.00374. Assuming the tank void to be at essentially atmospheric pressure, the 
tank pressure would increase by 0.00374 atm or 38 Pa ( 1  .S in WG). Note that this is an 
extremely conservative bounding case since the steam would have to enter the tank void space 
through a relatively small penetration in the tank liner. The penetration would most likely be a 
narrow crack along a few inches of weld permitting only a slow escape rate of the steam into 
the tank so that no noticeable pressurization would occur. The minimum static pressure 
loading required to fail a standard HEPA filter is about 9.0 kPa (36 in WG) (DOE 1994). In 
cases like this, however, it is usual to assume that the HEPA filter could fail at 2.5 kPa (IO in 
WG) to conservatively allow for dynamic loading effects. Even the bounding case of a very 
rapid steam release would produce only a small fraction of this value. Conversely, a steam 
release from about 200 L (54 gal) of water under the liner would be required to challenge the 
HEPA filters even under the worst possible conditions. Because of the considerations already 
discussed, the presence of 200 L of liquid under the tank liner is not considered credible in this 
case. 

In this event, therefore, the I-IEPA filter would not be challenged and there would be no 
significant release. One of the initiators for this type of event, however, could be a loss of 
ventilation where the tank void space could actually be pressurized to slightly greater than 
atmospheric. Since the pit cover blocks and other penetrations into the tank are not airtight, 
some release could occur through these penetrations instead of the I-IEPA filters and some 
aerosols could be carried along The maximum sustainable (quasi-stable) aerosol concentration 
in air after several minutes is usually assumed to be 100 mg/m3 (NRC 1982, ANSI 1981, 
BNWL 1975). In short-time transient situations, however, 10 times this concentration, or 1 
g/m3, is normally assumed. This is very conserva9ve in this situation since the pressure of the 
venting steam is relatively low. If the entire 5 1 in’ of depressurized steam vents through the 
dry sludge layer ( i t . ,  the void space under the liner collapses), and picks up a maximum 
transient loading of 1 g/m3 which then mixes uniformly with the air in the tank void, the 
resulting concentration in the void space would be (S I  g)/(2940 m3) = 1.7E-2 g/m3. It is further 
assumed that the entire 11 m3 net release from the tank exits by way of unfiltered pathways 
carrying this aerosol load. The total release under the worst conditions is then (1 1 m3)(l .7E-2 
g/m3) = 0.19 g or of SST solids. The corresponding volume of reconstituted sludge is just 
(0.19 g)/(I.lE+3 g/L)= 1.7E-4 L. 

If the tank ventilation system is operating, this event would not be expected to be able 
to pressurize the tank above 1 atm since the tank is normally maintained at approximately -1.5 
in WG and the steam release from under the liner would take place over some period of time 
and not instantaneously. If, however, the tank were to be momentarily pressurized above 1 
atm, there could be some unfiltered release and the consequences would be intermediate 
between the filtered and unfiltered release cases. For the filtered release, the 1.7E-4 L of SST 
solids estimated above would be reduced by the transmission fraction of two HEPA filters in 
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series, Le., 1E-5 (Elder, et al. 1986, ANSI 1981) for a filtered release of 1.7E-9 L of SST 
solids. 

These are extremely conservative estimates because the venting through the dried 
sludge layer occurs near the bottom of the tank while the release pathways are near the top of 
the tank. Complete mixing in the large head space would therefore be unlikely before the 
venting of gas from the tank was complete. The concentration of material in the gas vented 
from the tank would therefore be less than in the vapor vented through the sludge layer. Note 
that this event would be far less energetic than a steam bump and no bulk movement of sludge 
into the risers would occur. 

This unfiltered release scenario is exactly equivalent to the event without HEPA 
filtration, and so can be used to test the importance of the I-IEPA filters as an unmitigated 
release. 

Consequence Calculations: 

Radiological and toxicological consequences of the mitigated (filtered) and unmitigated 
(unfiltered) releases were calculated using the methodology described in WHC-SD-WM- 
SARR-I 6, Rev. 2, Tank Waste Compositions and Atmospheric Dispersion Coefficients for Use 
in Safety Analysis Consequence Assessments (Van Keuren, 1996a). Doses calculated are 50- 
year committed effective dose equivalents (CEDE). Ingestion doses are for a 24-hour uptake 
period by the offsite receptor before evacuation and/or interdiction of food supplies. Inhalation 
doses (onsite or offsite) are given by: 

Din11 = (Q)(x/Q’)(BR)(ULDi,,I,) 

where 
Dill,, = inhalation dose (Sv) 
Q 
X/Q’ 
BR 
ULDin,,= inhalation unit liter dose (Sv/L). 

= release in terms of liters of waste (L) 
= atmospheric dispersion coefficient (s/m3) 
= receptor breathing rate (m3/s) 

The offsite ingestion dose is given by: 

where 
Ding = ingestion dose (Sv) 
ULDi,,,= ingestion unit liter dose (Sv*m3/s-L). 

For short duration ground level releases, the atmospheric dispersion coefficients (WQ’) are 
3.41E-2 s/m3 and 2.83E-5 s/m3 for the onsite and offsite receptor, respectively. The breathing 
rate is the light activity breathing rate equal to 3.3E-4 m3/s. The inhalation and ingestion unit 
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liter doses were obtained from WHC-SD-WM-SARR-037, Rev. 0, Development of 
Radiological Concentrations and Unit Liter Doses for TWRS FSAR Radiological Consequence 
Calculations (Cowley 1996). For SST solids the ULDs are 2.2E+5 Sv/L and 4.1E+O 
Sv*m3/s*L for inhalation and ingestion, respectively. 

The toxicological consequences are calculated in terms of a sum of fractions (SOF) o f  
all the toxic components of the mix. (Each “fraction” is the ratio of the component 
concentration at the receptor to the concentration limit for that component for the given 
accident frequency.) In a manner analogous to unit liter doses, unit release (rate) SOFs have 
been calculated for various tank waste mixes for each accident frequency and receptor location. 
Such unit release (rate) SOFs come in two varieties: “puff‘ SOFs intended for essentially 
instantaneous releases such as explosions and “continuous release” SOFs for releases with 
durations of more than about 10 seconds. In this case the release is expected to have a duration 
of more than 10 seconds so the use of continuous release SOFs is appropriate. To obtain the 
SOF for a given release, the unit release rate SOF for the particular mix, receptor and accident 
frequency is simply multiplied by the source release rate. For a short duration release (i.e., less 
than 15 minutes) of concentration sensitive (as opposed to dose sensitive) toxins, the total 
release is averaged over 15 minutes to obtain the release rate. The time-averaged release rates 
for the filtered and unfiltered cases are then 1.9E-12 L/s and 1.9E-7 L/s, respectively. 

The unit release rate SOFs for SST solids were obtained from WHC-SD-WM-SARR- 
01 I ,  Rev 2, Toxic Chemical Considerations for Tank Farm Releases (Van Keuren 1996b). The 
continuous release SST solids SOFs for Anticipated Frequency Class (1 - lO-’/y) are 4.OE+4 
s/L and 9.4E+1 s/L for the onsite and offsite receptor, respectively. 

Results: 

The resulting radiological doses and SOFs (Anticipated Frequency Class) for the 
unfiltered release ( i t . ,  no ventilation or ventilation with no filtration) were calculated as 
follows: 

Onsite dose: 

Inhalation + (1.7E-4 L)(3.41E-2 s/m3)(3.3E-4 m3/s)(2.2E+5 Sv/L) = 4.2E-4 Sv (4.2E-2 rem) 

Offsite dose: 

Inhalation + (1.7E-4 L)(2.83E-5 s/m3)(3.3E-4 ni3/s)(2.2E+5 Sv/L) = 3.5E-7 Sv (3.5E-5 rem) 

Ingestion + (1.7E-4 L)(2.83E-5 s/m3)( 4.1E+O Sv*m3/s*l,) = 2.OE-8 Sv (2.OE-6 rem) 

Total + 3.7E-7 Sv (3.7E-5 rem) 
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Onsite SOF: 

+ (1.9E-7 L/s)(4,OE+4 s/L) = 7.6E-3 

Offsite SOF: 

(1.9E-7 L/s)(9.4E+l s/L) = 1.8E-5 

The results for the filtered case would just be less than the unfiltered case above by a factor 
equal to the transmission fraction of the HEPA filters (IE-5). 

Results: 

The results of the unmitigated liner breach with a maximum depth dried sludge layer 
are as follows: 

Table 1: Consequences of Unmitigated Liner Breach in Tank 241-C-106 

Toxicological 

Note that the consequences were compared to evaluation guidelines for Anticipated Frequency 
Class because they are most restrictive. The frequency of this event has not been quantified, 
but is qualitatively expected to be in the Extremely Unlikely (FI) Frequency Class based on the 
extreme assumptions necessary to allow the event to occur. 

Conclusions: 

The development of the scenario and consequences for this accident revealed the 
following conclusions: 

1 ,  The bottom liner of the tank rests on a thick asphalt mat which, at the local prevailing 
temperature, will tend to flow and fill any local irregularities in the bottom liner, and on a 
larger scale the bottom liner will act like a thin diaphragm. Voids of any substantial size 
which could contain liquid at less than the local hydrostatic pressure are therefore not 
expected to be able to exist under the liner. It is therefore expected that, prior to tank dry- 
out, any substantial amount of liquid under the liner will have a greater temperature margin 
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to saturation than the sludge above it in the tank. A high heat condition (or loss of cooling) 
will then initially lead to a steam bump before flashing of steam under the liner. A steam 
bump will have much greater consequences than a liner breach due to the larger amount of 
material involved and the lack of resistance to the release (Le., the liner with a failed weld). 
The consequences of a liner breach will therefore not add significantly to the consequences 
of a steam bump, which are already unacceptable. The required controls to prevent the 
steam bump will also prevent a liner breach under wet conditions. 

2. Because the side wall of the tank liner was covered by an asphalt composition membrane 
and used as the inside form for pouring the concrete wall, and since subsequent tank heat- 
up has caused the liner to thermally expand against the concrete tank wall, the joint 
between the liner and the tank wall is expected to be very tight with little or no room for 
water to enter. 

3. If water does penetrate between the liner and tlie tank wall. the point of penetration must be 
well above the liquid level in the tank to provide sufficient head to cause liquid to be forced 
under the bottom liner. The amount of liquid which can make its way through the liner is 
then severely restricted to that caused by direct impingement of the sluice stream on the 
liner penetration. Given the required location of the penetration and the tightness of the 
liner-wall joint, it is considered unlikely that a significant amount of liquid could enter by 
this path. 

4. The minimum amount of liquid under the liner bottom necessary to breach the liner was 
calculated to be about 30 L (8 gal) (a very large amount in view of the above conclusions). 
The mechanism for the liner breach under such conditions is a failure of the weld at the 
wall-bottom transition, which implies formation of the blister well away from the center of 
the tank where temperatures would be much lower than in the center of the tank. Such a 
blister in the high heat location near the center would not fail tlie liner, which at that 
location would behave like a thin, flexible membrane. 

5. This accident is only of concern after completion of sluicing operations when the sludge 
layer has been allowed to dry out and temperatures increase due to the loss of evaporative 
cooling. 
radiological and toxicological consequences to be well below the most restrictive 
guidelines for tlie unmitigated (Le., unfiltered release) case. Moreover, the maximum tank 
pressure from this event was found to be much less than the pressure required to challenge 
the integrity of the ventilation HEPA filters. 

If such a liner breach event should occur at that point, the analysis shows the 
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