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1.0 INTRODUCTION

The double-shell tanks (DST) were constructed at the Hanford Site in the
mid 1970's to early 1980's for the storage of radioactive waste from chemical
processing of spent reactor fuel. Tank 101-SY has attracted the majority of
attention since 1990, when it was recognized that the slurry gas components
were flammable by themselves without requiring mixing with the oxygen in air.
Early concerns centered around pockets of flammable gas which might get
trapped and ignite under a floating crust. Subsequent investigations using .
observations obtained with a video camera and retrieved crust samples have
shown that wet crust does not have sufficient strength to behave in this
fashion. The sludge/gas material from the nonconvective region in the Tower
portion of the tank erupts through the floating crust and releases its slurry
gas directly into the tank dome space. Figure 1-1 shows a diagram of a DST
with a‘released gas plume where burning is postulated. Tank hazard
assessments are now directed toward the following primary safety issues:

o Does accumulation and release of flammable gases occur in
sufficient quantities that the lower flammability limit
(LFL) is exceeded in the tank dome space?

. If flammable gases were ignited and burned, would a self-
propagating secondary chemical reaction occur in the
floating crust?

. Would dose consequences resdlting from a flammable gas
burn exceed site acceptance guidelines?

- Tank 101-SY had the largest level fluctuations and episodically released
the largest quantities of gas. The data gathering system has been markedly
improved during the last several years with the addition of new thermocouple
trees, gas monitors, and more frequent measurements of surface level. Waste
samples have been obtained, most recently in 1992, which were used to rule out
potential crust burn propagation from a gas burning event. Because the gas
release quantities were so large, open tank work activities were restricted to
a period following a gas release event when the 1ikelihood of additional
releases were small (work windows). During 1993, a mixing pump was installed
so that gas accumulation and episodic gas releases no longer occur. The
experience gained in analyzing gas release events (GRE) for tank 101-SY has
direct application to other tanks.

This report is the fourth in a series of hazard assessments performed on
the double-shell flammable gas watch list tanks. Previous reports dealt with
tanks 101-SY (Fox et al. 1990, 1992) and 103-SY (Fox et al. 1993). This
report focuses on hazards associated with the remaining double-shell watch
list tanks (101-AW, 103-AN, 104-AN, and 105-AN). While a similar assessment
has already been performed for tank 103-SY, it is also included here to
incorporate a more representative slurry gas mixture and provide a consistent
basis for comparing results for all the flammable gas tanks. This report is
intended to provide an in-depth assessment by considering the details of the
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GRE and slurry gas mixing as the gas is released from the waste. The
consequences of postulated gas ignition are evaluated using a plume burn model
and updated ignition frequency predictions. Tank pressurization which results
from a gas burn, along with the structural response, is also considered. The
report is intended to support the safety basis for work activities in
flammable gas tanks (Van Vleet 1994) by showing margins to safety limits that
are available in the design and procedures. This report is also intended to
serve as a safety basis for closure of the Unreviewed Safety Question (USQ) on
these tanks and to identify additional information required to close the
safety issue.

Figure 1-1. Plume Gas Release with Combustion.
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2.0 SUMMARYJAND CONCLUSIONS

This document examines the hazards associated with slurry gas emissions
from waste stored in the double-shell flammable gas watch 1ist tinks except
for tank 101-SY, which was addressed previously (Fox et al. 1992).
likelihood of gas burns is examined and the consequences of postulated plume

burns are evaluated
rapid.

The

Slurry gas mixing with air in the tank dome space is
A1l of the tanks are shown to have dome concentrations which are less

than the LFL when the slurry gas at studied compositions becomes well mixed

with air.

In addition, the upper regions of the tanks remain below the LFL so
gas ignition cannot occur from the top.

Unlike tank 101-SY, tanks 101-AW, 103-AN, 104-AN, 105-AN, and 103-SY have
more sporadic gas releases which involve local waste regions and result in

small

GRE and crust drops.

Waste in tank 101-SY, on the other hand, showed

whole-tank roll-over events which resulted in large surface level drops and

released large quantities of gas.

Because of this, estimates of maximum gas

release quantities do not use models developed from tank 101-SY but rely on
using maximum crust drops to calculate the size of gas releases for the hazard

assessment.

arbitrarily increased to provide conservative margins.

Gas release timing and quantity inferred from crust drops are

These tanks have many similarities with tank 101-SY but they appear to be

less hazardous.

Table 2-1 shows selected comparisons.

Comparisons of Flammable Gas Double-Shell Tanks with Tank 101-SY.

Table 2-1.
101-AW 103-AN 104-AN 105-AN 103-SY 101-8Y*
Waste type DSSF DSS DSSF DSS cC CcC
Waste height 409 in. 346 in. 387 in. 411 in. 274 in. 408 in.
10.39 m 8.79 m 9.83 m 10.44 m 6.96 m 10.36 m
Dome airspace 37634 #3 61100 3 46010 #t3 37360 5 87609 ft3 37540 #°
1066.7 m3 1730.2m%  [1302.9 m3 1067.9 m3 2480.8 m 1063.0 m3
Maximum 24 hr crust drop during | 1.6 in. 2.5 in. ~|3.6in. 2.3in. 1.7 in. 10 in.
GRE 4.08 cm 6.35 cm 9.14 cm §.84 cm 4.32 cm 25.4 cm
Averaged waste tamp degree 99°F 108°F - 110°F 102°F 100°F 115°F
. 37.2°C 42.8°C 43.3°C 38.9°F 37.8°C 48.1°C
Tank heat genaration 34400 Btu/hr 36660 Btu/hr  |44940 Btu/hr 35090 Btu/hr 23500 Btu/hr 40000 Btu/hr
10.08 kW 10.74 kW 13.17 kW 10.28 kW 6.89 kW 11.72 kW
Surface rise rate 0.01 in/day 0.006 in/day 0.011 in/day 0.012 in/day 0.019 in/day 0.1 in/day

0.0254 cm/day

0.0152 cm/day

0.0279 cm/day

0.0305 cm/day

0.0483 cm/day

0.254 cm/day

DSSF = double-shelil siurry feed
DSS = double-shell siurry

cC
GRE = gas release event,

= concentrated compiexants

*Results for tank 101-SY are prior to pump installation in July 1993,
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The SY farm tanks contain concentrated complexants (CC) which have more .
total organic carbon (TOC) than those with double-shell slurry (DSS) and

double-shell s]urry feed (DSSF). This could be a factor promoting the

substantial GREs in tank 101-SY except that tank 103-SY, which also contains

CC, appears to behave similarly to the other small GRE tanks A1l the tanks

appear to have a convective layer and a nonconvective layer, although the

nonconvective layer in 101-SY may be 1.5 to 2 times larger.

A1l of these tanks generate and accumulate gas, as evidenced by the
surface level rise rate and periodic releases of the gas as shown by the crust
drops (and gas monitor in tank 101-SY). However, the maximum crust drop in
101-SY is 3 to 5 times that of the other tanks, .indicative of much larger gas
releases. This is consistent with the surface rise rates which are a measure
of the slurry gas accumulation rates in the nonconvective region. The GRE
also may cause a pressure increase in the tank dome space and tank 101-SY
pressure has occasionally risen above atmosphere pressure. All of the other
tanks have remained below atmospheric pressure.

A11 the tanks appear to have a floating crust on the waste surface,
although the last photographs were taken in the late 1980's. (Except for
tank 101-SY which has recent video observations showing crust behavior.)
Based on tank 101-SY experience, the crusts are believed to be structurally
weak and unable to trap any sizable amount of gas underneath. A1l the
flammable gas tank crusts should have approximately the same water content as
tank 101-SY. A crust water content of 10% is selected for the crust burn
analysis which is believed to be conservative since measurements in 101-SY
show the crust is likely to contain much more.

Crust energetics for these tanks are based on adiabatic calorimetry tests
for material from tank 101-SY but the exothermic energy and kinetic rates are
doubled to ensure the energetics used in the analyses are bounding. Chemical
analyses for DSS and DSSF waste indicate they have 1/5 or less TOC than
tank 101-SY. Since exothermic energy should be related to the TOC present for
waste forms that have similar compositions, doubling the energy release is
conservative but does provide extra margin till the tanks are sampled and
calorimetry tests can be performed to confirm this is bounding.

The slurry gas composition is chosen using measured values from
tank 101-SY. Two gas compositions are selected: a best estimate mixture
which includes ammonia and methane and a conservative mixture of similar gases
but that also allows more margin for uncertainties. The amount of gas
released to the air in the dome space is based on the maximum observed 24 hour
crust drops. The instantaneous release assumption is shown to result in
predicted concentrations in tank 101-SY which exceed those observed. Results
for other tanks are expected to be similarly conservative.

If the released slurry gas is completely mixed with the available air in
the dome, it is not combustible. The time required for dilution of slurry gas
release in a GRE was investigated parametrically with the GOTHIC code
(Wood 1994). The effects of slurry gas release time and release area were
examined parametrically. Time at risk, defined as the total time any volume
node in the tank contains gas at a flammable concentration, was determined to .
be about 112 minutes for the limiting case. A time of 200 minutes, or
3.8x107* yr/yr, was used in the risk evaluation.

222
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The mixing simulations show that only a small amount of slurry gas is
present in the tank at concentrations above the m1xed average. For example,
for tank 104-AN, using a dome volume of 47,700 ft and a gas release of
3,600 ft3, mixing studies show less than 200 ft> at flammable gas
concentrat1ons above 4% fuel gas. The remaining volume is below the LFL. The
200 ft* would contain less than 25 ft° of undiluted slurry gas., Burn1ng this
volume of slurry gas would result in a pressure, of 0.15 1bf/in® in
tank 104-AN. The gas release value of 3,600 ft3 is a 26% excess over the
historical maximum release that occurred over 3 days. For the remaining tanks
in this group, the margin of the analyzed release of 3,600 ft> over the
maximum historical releases range from 86 to 163%. Thus, the actual risk
associated with these tanks is much Tower than suggested by the bounding risk
- evaluation provided in this report.

Burn pressures should be recalculated using flammable gas concentrations
and spatial distributions predicted by the mixing studies when slurry gas
release characteristics have been verified. In the meantime, a p1ume burn
model based on incomplete mixing has been assumed to provide margins for
uncertainties and to compensate for the lack of actual gas release
characteristics.

In calculating tank pressure from postulated slurry gas burns, all of the
gas is burned. With gas concentrations as described above, only a fraction of
the gas inventory is 1ikely to burn. Lean hydrogen mixtures produce pressure
well below the adiabatic burn pressure because downward flame propagation
cannot occur. Cashdollar et al. (1993) showed that a 5% hydrogen-nitrous
oxide stoichiometric mixture produced only about 40% of the adiabatic burn
pressure. This characteristic has not been applied in this hazard assessment
because DSTs have sufficient structural capability to readily withstand
adiabatic burn pressures from the postulated burn events. However, lean burn
situations should be investigated, particularly for applications to
single-shell tank risk evaluation.

Calculated results from the best estimate assumptions show the heat
produced by crust reactions is less than 0.5% of the total heat energy
transferred to the crust from the burning plume. The conservative estimate
calculations, selected to provide a bounding case for all these tanks,
produces more reaction. The chemical heat produced in the crust adds about
30% to the heat transferred from the heated plume. Still, the chemical
reactions are limited to 2 to 3 mm of the crust thickness and no propagating
reaction occurs.

Margins are quantified showing the added energy and rates needed to cause
a propagating reaction in crust. If the chemical reaction rates are twice as
fast as those in crust from tank 101-SY, a propagating reaction will not occur
unless the exothermic energy release is greater than 2.75 times that of
tank 101-SY. Actual rates and energies for tanks 101-AW, 103-AN, 104-AN, and
105-AN are expected to be less than the 101-SY values because the TOC for
these tanks is about 1/5 that of 101-SY, giving even more margin.

In the bounding risk evaluation, the entire slurry gas release was
assumed to burn adiabatically, producing tank pressures as shown in Table 2-2
for unvented tanks. These pressures are all below the DST capability of
55 psig.

2-3
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The radiological source terms resulting from the postulated gas burns
consist of thermal and mechanical components and part of the ventilation
system inventory, as assumed in previous waste tank hazards evaluations. .
Radiological dose consequences are calculated using standard Hanford Site

techniques. Dose consequences are summarized in Table 2-3.
there are from WHC-CM-4-46 (WHC 1993).

accident category.

Ignition source frequency is shown Table 2-4.

The limits cited

The bone surface doses are controlling
but fall within the same l1ikelihood categories as the whole body doses. The
site boundary dose consequences are very low and are within the anticipated

These values

conservatively assume the occurrence of a spark is identical with the
occurrence of an earthquake or a lightning strike; this is not the case.

Table 2-2. Slurry Gas Burn Pressures.
3 Best estimate, Conservative
Tank Free volume, ft psig bounding, psig
103-SY 87,609 5 7
101-AW 37,634 12 17
103-AN 61,100 10 14
104-AN 46,010 20 28
105-AN 37,360 13 17
Table 2-3. Radiological Dose Consequences, EDE, rem.
. Limits
Location Best estimate Coggsgé?g1ve 10°* to 1076
< s Tikelihood
100 m 4.1 11 25 to 100
Site boundary 1.7 E-3 4.7 E-3 4 to 25

EDE = Effective dose equivalent.
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Table 2-4. Ignition Source Frequency.

Source Events/yr/tank
In-tank instrumentation <1 E-6
Seismic <1.7 E-4
Lightning <4.7 E-4

Combining the Tength of time a flammable gas mixture is present in a tank
with the most frequent ignition source results in a burn frequency of
1.8 E-7/yr/tank. With five tanks in this group, flammable burn frequency is
less than 1 E-6/yr. Thus, the risk acceptance guidelines are met with large
margins to accommodate unexpected parameter increases.

A work window for tank intrusive activities is not required for this
group of tanks. As discussed above, mixing studies indicate that local dome
regions at concentrations above the LFL would be very small and would exist
for a Timited time only. Moreover, none of the GREs occurring up to the
present time show a positive pressure in any of these tanks. The maximum
postulated flammable gas burn is smaller than the burn volume postulated and
accepted for tank 101-SY when that tank had a window. Should a GRE occur and
somehow be ignited, tank pressure is not likely to exceed the high-efficiency
particulate air (HEPA) filter failure pressure. The work activity controls,
including time of intrusion control established in the safety basis for
activities in double-shell flammable gas watch list tanks (Van Vleet 1994)
should continue to be applied.

Appendix H has been created to summarize the conservative features of
this assessment and, if possible, to indicate margins. Further details are
available in the body of the report.
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3.0 WASTE CHARACTERIZATION

Waste characterization should include a description of the chemical
composition, physical properties, and radionuclide characteristics. The
chemical composition is used to understand its nature and to compare the waste
in different tanks. Physical properties are needed for crust heating
calculations while radionuclide characteristics are used to establish the
source term for the dose calculations.

- Actual sample data from this set of tanks are quite limited. Only
tanks 103-AN and 103-SY have been core sampled. Much of the characterization
discussion consists of comparing different tanks and highlighting similarities
and differences. This is because most of the knowledge about phenomena and
properties have come from the program involving tank 101-SY. Many of these
same mechanisms operate in other flammable gas tanks. Uncertainty margins
have been applied to support the goal of obtaining conservative results.

3.1 CHEMICAL PROPERTIES

The DSTs considered in this report were constructed in the early 1980's
and began receiving waste about 1981 or 1982. Transfers occurred in and out
of the tanks for the next several years as various tanks were used for
evaporator feed or storage of evaporator products. The last major fills
occurred about 1985 or 1986 with only small water additions to the tanks since
(Brage¥ 1994). Three types of waste are now stored in these tanks as defined
in Table 3-1.

Table 3-1. Double-Shell Tank Waste Descriptions.

Waste type : Description

cC Concentrated product from the evaporation of

dilute complexed waste. This is characterized by
a high organic carbon content, including organic
complexants such as EDTA, citric acid, and HEDTA

DSS Waste concentrated until it exceeds the sodium
. aluminate saturation boundary in the evaporator
DSSF Waste concentrated just before reaching the
sodium aluminate saturation boundary in the
evaporator '
CC = concentrated complexants
- DSS = double-shell slurry
DSSF = double-shell slurry feed
EDTA = ethylenediaminetetra-acetic acid
HEDTA = hydroxyethyl-ethylenediaminetriacetic acid.
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The waste type in each tank is shown in Table 3-2.

Table 3-2. Waste Type and Volume by Tank.
Tank ID Last major fill Waste type TOtfg zﬁﬁte’ sugﬁ;"i;ﬁ"t
101-AW 7-25-86 DSSF 1.141 1.06
103-AN 2-23-86 DSS ~10.954 0.016
104-AN 4-26-85 DSSF 1.057 0.80
105-AN 4-25-85 DSS 1.1129 1.13
103-SY 8-13-88 cc 0.743 0.40
101-SY 11-6-80 cc 1.101 0.42

The tank design capacity 1s 1.16 x 10° gal; however, the available
capacity is defined as 1.14 x 10° gal to allow for volumetric expansion.
Hence, most of these tanks are nearly full. The waste is highly caustic,
having a pH of 13 to 13.5 (Brager 1994). It consists of supernatant liquid,
which circulates by natural convection in the upper portion of the tank
(convective layer), and precipitated solids and sludge in a lower layer. The
higher temperatures in the lower portion of the tank indicate this region does
not normally circulate and is called the nonconvective (NC) region. Some
characteristics of the NC and convective layers are shown in Table 3-3.

Table 3-3. Waste Characterization by Tank.
Tank ID Jﬁ?:ﬁi dNC Tayer SpGr T0C (%) Temperature
(in.) epth (in.) Conv NC Cony NCc | average (°F)
101-AW 409 125 1.56 1.7 0.28 |-- 95-102
103-AN 346 150 1.48 |1.8 |0.23 [0.46 |105-112
104-AN 387 150 1.46 |-- 0.29 |-- 104-116
105-AN 411 150 1.83 |-- 0.27 -- 98-106
103-SY 274 128 1.49' [1.69" {1.3 [3.5 |95-105
101-SY 408 200 to 250 1.49 |1.69 {1.25 }1.91 {110-120

'Assumed same as tank 101-SY.

The data in Tables 3-2 and 3-3 came from a variety of sources, 1nc1ud1ng
Brager (1994), Hanlon (1994), Reynolds (1994), Wilkins (1994),
Van Vleet (1993), Hendrickson and Conner (1994), and Herting et al. (1992).
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The values in these tables are intended to be representative as there may be
differences in values between sources as different laboratory analyses were
used. The main differences between the waste in these tanks may be summarized
as follows: the SY farm tanks contain a relatively large amount of CC,
whereas the other tanks mainly contain DSS and DSSF.

The SY farm tanks have TOC values that are about a factor of 5 larger
than the other tanks. For this reason calorimetry samples tested for
tank 101-SY should bound the exothermic energy of material in these other
tanks. This will be discussed further in Section 7.0. The operating
temperatures for the tanks shown in Table 3-3 range from 95 °F to 116 °F,
depending on season. Tank 101-SY operates about 10 °F higher than most other
tanks in this group.

The chemical inventory for tanks has been complied by Van Vleet (1993)
and a portion of the data for the tanks of interest has been reformed into
Table 3-4. These are the total tank inventory of the chemical components
expressed in grams. The flammable gas tanks all appear to have similar
components, so in order to focus on this more closely, the chemical mass
fractions were calculated and the most significant species are shown in
Table 3-5. The major components which appear in all the tanks are in
approximately similar proportions. It is not possible to predict waste
behavior from knowing these components, but it is probable that, as a class,
they will behave in a similar fashion.

Table 3-4. Estimated Chemical Waste TankVInventory (Van Vieet 1993).
(sheet 1 of 2)

Tank contents (g/tank)

Component | AW-101 AN-103° AN-104 AN-105 SY-101 SY-103

' (6/90)? (2/90)° (7/84)° | (11/84)* | (5/91)* | (6/85)°
Ag <1.4E+05 |<5.7E+04 - - - -
Al 1.2E+08 |2.08E+08 |6.4E+07 |1.1E+08 |1.9E+08 |1.2E+08
As <4.3E+01 |[<5.7E+05 - - -- --
B - -- -~ -- -- 2.1E+05
Ba <4.0E+04 |<5.7E+04 -- - -- -
Be -- <5.7E+04 -- - - --
Bi <5.2E+05 {<1.7E+06 - - - -
CN” 1.2E+05 |1.2E+05 - - 9.7E+05 --
€0, 5.3E+07 |3.2E+07 2.2E407 |1.1E+08 -- 8.2E+07
Ca 1.4E+05 |3.1E+405 -- - 4.0E+06 |[6.4E+05
cd <5.2E+03 |5.7E+04 - -- -- -
c1” 2.2E+07 |3.4E+07 -- 2.7E+06 |4.9E+07 [2.6E+07
Cr 6.9E+05 |3.0E+06 8.9E+05 -- 2.2E+07 |4.4E+06
Cu 1.0E+05 |[4.3E+04 - - -- 1.8E+04
EDTA - 3.0E+05 -- -- -- 1.3E+07

3-3
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Table 3-4. Estimated Chemical Waste Tank Inventory (Van Vleet 1993).
(sheet 2 of 2)
Tank contents (g/tank)
Component | Aw-101 AN-103° AN-104 AN-105 SY-101 SY-103
(6/90)° | (2/90)° (7/84)° | (11/84)* | (5/91)® | (6/85)°
F <3.3E+05 |2.6E+06 -- -- 7.0E+05 -
Fe <1.9E+05 }2.5E+05 1.5E+04 - 2.2E+06 -
HEDTA - - - - - <1.2E+06
Hg <6.8E+02 |5.7E+04 - -- - 4.1E+03
K 1.8E+408 |5.4E+07 C-- 1.5E+07 |[1.9E+07 |1.0E+07
Mg 2.3E+05 |1.0E+05 -- - -- 3.1E+03
Mn 1.1E+405 |1.0E+05 - -- -- --
Mo 2.5E+05 |3.1E+05 -- -- 4 .2E+05 |2.3E+05
NH, 1.1E+06 -- - 7.1E4+05 |1.2E+07 --
NO,~ 4.4E+08 |4.9E+08 1.3E+08 |2.6E+08 |6.5E+08 [2.7E+08
NO,_ 9.2E+08 |5.7E+08 2E+08 |5.6E+08 |6.9E+08 |[3.4E+08
Na 9.9E+08 |1.2E+09 2.4E4+08 |7.6E+08 |1.2E+09 |5.7E+08
Ni - <8.5E+04 -- - 1.1E+06 {5.1E+04
OH" 3.7E+08 |3.5E+08 8.9E+07 |1.6E+08 |1.4E+08 |5.5E+07
P - - - - - 9.5E£+06
PO, 9.1E+06 |3.3E+06 8.7E+05 |{6.0E+06 |4.1E+07 |1.9E+07
Pb <1.3E+06 |2.6E+05 - - -- --
Pu -- -- 2.2E+02 -- -- --
SO,._. 4.4E+406 |5.7E+06 2.0E+06 -- 2.6E+407 {<1.7E+07
Sb - <5.7E+05 -- - - -
Se 1.4E+02 |<7.4E+05 - -- -- --
Si <5.3E+05 [9.7E+05 -- -- -- 1.2E+05
TOC 1.1E+07 | 2.6E+07 5.0E+06 |[1.4E+07 |9.5E+07 |9.2E+07
Ti <2.0E+04 |<5.7E+04 - T - - --
u 9.6E+05 |4.4E+05 - -- - --
v -- <5.7E+04 -- -- - -~
W -- 7.4E+05 - -- -- --
in <1.4E+06 |1.7E+05 -- -- 3.6E+05 --
Ir <2.2E+05 |<8.5E+04 -- -- - --

aSample date for tank.
BSTurry only.
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Table 3-5. Weight Fractions of More Significant Species.

. Tank, chemical weight fraction
Chemical
101-AW | 103-AN | 104-AN | 105-AN | 101-SY | 103-SY
Al 0.038 0.067 0.083 0.055 0.060 0.074
Co;™" 0.017 0.011 0.028 0.055 -- 0.050
NO," 0.141 0.164 0.168 0.130 0.207 0.166
NO;” 0.294 0.191 0.284 0.280 0.219 0.209
Na 0.317 0.403 0.310 0.380 0.382 0.350
OH" 0.118 0.117 0.115 0.080 0.045 0.034
TOC 0.004 0.009 0.006 0.007 0.030 0.056
Others 0.072 0.037 0.005 0.012 |- 0.057 0.062

3.2 THERMAL PROPERTIES

Thermophysical pfoperties are needed for the transient temperature
calculations performed later.

Crust density is unknown. A value has been assigned on the basis. of
density measurements made on convective liquid for tank 101-SY
(Herting et al. 1992). The bulk convective liquid density was measured to be
1.54 g/cm This is consistent with values found for the convective region of
the other f]ammable gas tanks shown in Table 3-3. This was reduced to
1.5 g/cm (94 1b/ft ) to recognize the fact that the crust 1s less dense than
the Tiquid in which it floats.

Thermal conductivity data are obtained from a group of tank samples,
although none came from the tanks considered in this report. The value of
0.433 W/m K used in this assessment is near the minimum measured, which gives
conservative results (Fox et al. 1993).

The specific heat for crust was estimated using Kopp's Rule for the
constituents in the crust as described in Appendix A of Fox et al. (1992).
The value arrived at for relatively dry crust was 0.3 cal/g °C.

The thermophysical properties use in the conduction analysis are shown in
Table 3-6.

3.3 RADIONUCLIDE CHARACTERIZATION

The best estimate radioactive inventories for all the tanks in this
assessment are tabulated and discussed in the next section. Then, a bounding
inventory is developed which is used later for the dose consequences
evaluation.

3-5
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Table 3-6. Crust Thermophysical Properties.

Property Value

Thermal conductivity (0 zg.giﬁ/¥émh§ °F)

0.3 cal/g °C
(0.3 Btu/1b °F)

- 1.5 g/cm’
Density (94 1b/Ft%)

Specific heat

3.3.1 Radjonuc]ide Inventories

Best estimates of radionuclide inventories in this group of double-shell
flammable gas tanks are given in Table 3-7. Tank 103-SY was core-sampled in
1986 with emphasis on determination of transuranics for retrieval and long-
term disposal (Fow et al. 1986). When the tank was sampled, it contained
572,700 gal of waste; subsequently, 131,000 gal of interstitial liquid and
water from tank 104-SX was added (Fox et al. 1993). An analysis of
tank 104-SX is available in Fox et al. (1993), and the data were combined with
the Fow et al. (1986) analysis to arrive at the values given in Table 3-7.

The data for tank 101-AW were extracted from a compilation by
Hendrickson (1991), quoted by Wilkins (1994). The tank was sampled in
June 1990. Twelve 100-mL bottle-on-a-string samples were taken from three
randomly selected risers. Initial results suggested the tank contents were
homogeneous. The twelve samples were mixed to make a composite providing the
results in Table 3-7.

Tank 103-AN was core sampled during December 1986. Reynolds (1994)
described the results as follows:

"The surface level was about 334.5 in. during December 1986. Normal
paraffin hydrocarbon was used as a hydrostatic fluid during core
sampling. Eighteen segments were recovered. Segment 1 contained
only 4 in. of waste. Segment 18 (at the bottom of the tank)
contained 14.25 in. of waste as expected. A hard layer was
encountered at the segment 12 level (approximately 110 in.).
Segments 2 through 10 and the upper portion of segment 11 contained
a less dense slurry. A slurry of greater density was encountered at
segments 12 through 18 and the lower portion of segment 11. The
midpoint of segment 11 should be at 138 in. A composite of the core
sample was sent to Pacific Northwest Laboratory (PNL) for chemical
composition.”

The compilation in Table 3-7 for tank 103-AN is as reported in Reynolds
(1994).

3-6




Tanks 104-AN and 105-AN were not core sampled.
evaporator slurry transferred to these tanks.
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However, data are available on~
The grout performance

assessment (Kincaid et al. 1993) used these data to prepare the radionuclide
inventory quoted in Table 3-7, except for Am-241, as discussed below.

Table 3-7. Radionuclide Concentrations in
Double-Shell Waste Tanks (uCi/L).

Isotope 103-sY¢V 101-AN? 103 AN® 104 AN® 105 AN
Sr-90 NR 1.08 E+3 | 2.44 E+4 9.84 E+3 3.23 E+3
Tc-99 NR - 1.52 E+2 1.08 E+2 NR NR
I-129 NR 3.03 E-1 1.42 E-1 NR NR
Cs-137 6.82 E+5 5.20 E+5 2.55 E+5 9.56 E+5 5.04 E+5
Np-237 NR 2.16 E+0 2.55 E-2 NR NR
Pu-239 9.4 E+l 1.14 E+0 1.24 E+0 1.04 E+l 1.04 E+l
Am-241 7.6 E+2 1.2 E+0 3.34 E+0 1.31 E+3 1.31 E+3

NR = Not reported.

Notes:

1. Fow et al. (1986), Table 4.1, mean of three distributed samples,
based on 1986 core sample. Pu and Am concentration reduced by
post-sampling transfer from 104-SX.

2. Wilkins (1994), Appendix A, mean of composite made from twelve
100-mL bottle-on-string samples from three risers, June 1990.

3. Reynolds (1994), Table A-6, composite of 18 core segments, sampled
- in December 1986.

4. Kincaid et al. (1993), Table 1-2, based on analyses of evaporator
slurry transferred to these tanks, decayed to 10/01/93. Am-241
concentration based on waste transfer records, see Appendix B.

The Am-241 concentration for tanks 104-AN and 105-AN is based on the
waste transfer records and data on the radionuclide inventory in the waste
transferred. Some of the waste transferred to 104-AN and 103-AN was reported
to contain an Am-241 inventory which is unusually high and apparently
erroneous. The questionable analysis pertains to 289,000 gal of evaporator
slurry from the 84-3 campaign in 1984, analyzed as containing 1.14E4 puCi/L
Am-241. When tank 103-AN was sampled in 1986, it contained 919,000 gal of
which 193,000 gal were from tank 104-AN. This represents 21% of the waste or
a depth of nearly 6 ft (0.21 x 334.5/12 = 5.85 ft). The tank was sampled all
the way to the bottom; a 6-ft-thick equivalent layer would be hard to miss in
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a core drill sampling that extended to the bottom of the tank. The Am-241
content claimed for tank 104-AN was not found in this core drilling. A mass
balance given in Appendix B of this report shows that the 103-AN sample
analysis should have shown an Am-241 level three orders of magnitude higher
than found if the 84-3 slurry analysis were correct. However, for this hazard
evaluation, the high concentration was assumed to be correct, and 104-AN and
105-AN concentrations of 1.31E3 pCi/L resulted, as shown in Table 3-7. The
calculations are given in Appendix B.

3.3.2 Inventory for Radiological Dose Consequences Evaluation

The source term is based on the radionuclide inventory in the surface
crust covering the waste. For tank 101-SY, the inventory was based on the
arithmetic average of six actual crust samples. The radionuclide inventory
was normalized to 10% water by weight as described in Appendix 5A,

Simpson et al. (1993). Crust samples are not available from any of the other
DSTs, so radionuclide concentration estimates were based on best available
radiochemical analyses for other than crust regions. Those results are
generally reported on a unit volume basis and were converted to a unit mass
basis using the best available data on waste density and solids mass ,
fractions. The values used are noted in the footnotes to Table 3-8. The
inventories on a dry weight basis were adjusted to a 10% water basis for
consistency with the 101-SY crust treatment. The results are shown in

Table 3-8. The highest inventory for each isotope was selected to form a
composite crust composition applicable to all of the DSTs in this set. The
composite crust inventory thus formed is shown in Table 3-9. Table 3-9 also
shows a bounding composition which represents the highest crust concentrations
known or predicted in all of the double-shell flammable gas tanks including
101-SY. In addition, the Cs-137 and Pu-239 concentrations were arbitrarily
increased by 25% since the highest concentration of these two nuclides
occurred in tanks not yet surface sampled (103-SY) or not sampled at all
(104-AN).
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Table 3-8. Crust Radionuclide Inventories (uCi/g).

Isotope | 101-SYV | 103-SY® | 101-AW® | 103 AN | 104 AN | 105 AN
Sr-90 4.1 E+1 NR 1.1 E+0 2.2 E+1 9.8 E+0 | 3.2 E+0
Tc-99 3.6 E-1 NR 1.6 E-1 9.5 E-2 NR NR
I-129 3.5 E-1 NR 3.1 E-4 1.3 E-4 NR NR
Cs-137 5.2 E+2 6.6 E+2 5.3 E+2 6.7 E+2 9.7 E2 5.0 E2
Np-237 6.1 E-1 NR 2.2 E-3 2.2 E-5 NR NR
Pu-239 1.9 E-2 7.4 E-2 1.1 E-3 1.1 E-3 1.0 E-2 | 1.0 E-2
Am-241 1.8 E-1 6.0 E-1 1.2 E-3 3.0 E-3 1.4 E+0 | 1.4 E+0

NR = Not reported.

Notes:

1. Simpson et al. (1993), Table 5A-5, average of Window C core crust
samples, normalized to 10% water content.

2. Data from Table 5-1, this report, converted to solid crust with
10% water using average of measured density and assuming solids
weight fraction of 0.6.

3. Same as note 2 except measured solids fraction used.

4. Same as note 2 except density and solids fraction calculated from
composite of core segments.

5. Same as note 2 except assumed waste density = 1.5, solids weight

fraction = 0.6.
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Table 3-9. Maximum Crust Radionuclide Concentration (uCi/g).
. Isotope 101-SY Composite‘! Bounding composite‘®
Sr-90 4.1 E+l1 2.2 E+1 4.1 E+1
Tc-99 3.6 E-1 1.6 E-1 . 3.6 E-1
I-129 3.5 E-1 3.1 E-4 3.5 E-1
Cs-137 5.2 E+2 9.7 E+2 1.2 E+3
Np-237 6.1 E-1 2.2 E-3 6.1 E-1
Pu-239 1.9 E-2 7.4 E-2 9.3 E-2
Am-241 1.8 E-1 1.4 EO 1.4 EO
Notes: C
1. Maximum value found in any of the tanks in this group.

Tank 101-SY crust composition was used when concentration

was greater than composite value. Cs-137 and Pu-239 were
increased by 25% to form the bounding composite. Am-241

Rgthincreased because it is already considered excessively
igh.
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4.0 GAS CHARACTERIZATION

The slurry gas is the most important factor in the hazard assessment.
Its composition, flammability, and concentration control whether an ignition
source creates a serious problem or is a non-event. Gas accumulation occurs
in the Tower region of the tank where large quantities of precipitated solids
exist. The overlying convective region is mostly liquid and stores gas only
as very small bubbles and dissolved gas. Because the solubility of flammable
gas in liquids is low, comparatively little gas accumulates in the convective
region. (Ammonia, when it exists, may be an exception.) A gas release event
(GRE) occurs when enough gas has collected in the nonconvective region to
reduce its density to less than the overlying convective region. This causes
an instability and the gas-filled sludge breaks loose and rises to the top,
releasing its trapped gas.

Some discussion is needed on how a hazards assessment should select the
maximum size gas release for the flammable gas tanks considered here. One
approach might be to apply a rollover model that has been developed for
tank 101-SY. (Note: While it should be obvious, we would 1ike to point out
the following discussion of rollover events for 101-SY only applies before
mixer pump operation started in July 1993.) This could either be a neutral-

- buoyancy or a Rayleigh-Taylor model (LANL 1994). However, LANL personnel have

made the following observation by Kubic in Johnson (1994):

"Bounding consequences analysis have been based on the neutral
buoyancy model assumption that the worst-case consequences in many
of the Double-Shell Gas Watch List tanks could be as severe as
tank 101-SY; however, this conclusion seems unreasonable because
the naturally occurring GREs in the other tanks are much smalier
than the GREs in tank 101-SY."

These models were developed for rollovers in tank 101-SY which involve much of
the tank contents (i.e, whole tank rollovers). These result in crust drops
which vary from 4.6 to 14.5 in. and incorporate 31% and 95% of the
nonconvective layer, respectively (LANL 1994, Appendix AQ). These events
usually show temperatures in the lower tank regions, at the instrument tree
location, decreasing as mixing and cooling disrupts the nonconvective layer.
However, there are also smaller events where the thermocouples in the
nonconvective layer are not affected by the GRE. These disruptions are
localized enough that their effect is not measured by the thermocouples
because the event is too far away. This seems to be typical for double-shell
flammable gas watch list tanks other than tank 101-SY. The consistently
smaller crust drops, 1 to 4 in., and frequent lack of temperature change in
the lower tree thermocouples during these events indicate that whole tank
rollovers do not apply for these tanks. The GRE appears to sporadically occur
at various regions around the tank bottom. The depth of the nonconvective
region may be a factor here. Tank 101-SY appears to have a nonconvective
region 200 to 250 in. deep while the other tanks appear to be about 150 in. or
less as shown in Table 3-3.
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The approach used here to establish the maximum size of gas release is to
examine the tank surface level histories for the lTast several years, select
the maximum 24-hour level changes, and calculate the quantity of gas that must
have been released. As will be described later, there is ample conservatism
remaining in this approach because burning events need only use the maximum
inventory of gas which is available to burn at any time during the release
history. The instantaneous release assumes it is all available and is very
conservative.

Measurements from tank 101-SY are used to confirm that abrupt crust drops
provide a conservative estimate of the quantity of slurry gas existing in the
"dome space. Figure 4-1 shows the hydrogen gas concentrations in the tank dome

plotted vs crust drop. The circles show measured values and the solid line
represents an average concentration if the crust drop were an instantaneous
release with complete mixing with the dome air. Note the solid line far
exceeds the data because slurry gas is lost by self-purging (i.e., volume of
dome gas pushed out by incoming slurry gas will also contain some slurry gas)
during the release process and also removed by ventilation flow. It should be
remembered the ventilation flow iate for 101-SY is high and dome volume is
small. Both of these factors increase the difference between the solid line
and the data. However, this demonstrates that using prompt crust drops to
calculate gas release overpredicts the dome gas concentrations.

There is another item of importance which can be seen from Figure 4-1
where FATHOMS (Burke 1990) code predictions are also included. These
incorporate the ventilation flow rate, a gas release rate, and the dome volume .
effects using an instantaneous mixing model. The agreement with hydrogen
concentration measurements is quite good. So, in addition to confirming the
FATHOMS modeling, this implies that slurry gas mixing with the air is very
rapid. Even though gas samples were taken as low as 18 in. above the waste
surface, high concentrations of slurry gas were not measured. It is possible
that gas sampling missed a plume of more concentrated gas, but the number of
samples taken implies that if high concentration regions existed, at least
some measurements would show this. Since this did not happen, we are Tled to
the conclusion that a completely mixed assumption is more appropriate. As
will be shown later, this leads to nonflammable events and no consequences for
all expected gas releases for the tanks included in this report. While this
may be the correct conclusion, in order to answer what-if type questions, we
will proceed by postulating that a combustible plume might occasionally exist,
assume ignition and combustion, and analyze the consequences. It will be
shown that even this event does not exceed Hanford Site limits as given in
WHC-CM-4-46 (WHC 1993).

4.1 GAS RELEASE QUANTITIES

As described previously, the amount of gas released into the dome space
will be estimated from the surface level drops. The level is normally
measured once a day so rigorous definition of the release rate during recent
years is not possible. In some cases, it is observed that the Tevel change
occurs over several days and so the release is believed to be slow and spread
over a considerable time period. The slower the rate of gas release to the .
dome, the more time is available to mix and purge some slurry gas, which
reduces the peak concentration levels attained. However, this assessment
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Figure 4-1. Gas Mixing Indications in Tank 101-SY.

Peak Hydrogen Quantities for Tank 101-SY
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assumes the largest 24-hour level change occurs instantaneously and releases
all of this gas into the dome. These level changes have been documented by
previous studies (Reynolds 1994; Wilkins 1994) and are shown in Table 4-1.

Table 4-1. Dry Gas Release Quantities.

rank o Lo drop. T feless, T Releasy

101-AW | 1.6 (4.06) 854 (9.52) 1,366 (38.7)
103-AN | 2.5 (6.35) 773 (8.62) 1,933 (54.7)
104-AN | 3.6 (9.14) 791 (8.82) 2,848 (80.6)
105-AN | 2.3 (5.84) 823 (9.18) 1,893 (53.6)
103-sY | 1.7 (4.32) 782 (8.72) 1,330 (37.7)

It should be emphasized the quantities of gas shown in Table 4-1 do not
represent all the slurry gas stored in the waste. Even following a GRE, there
is probably still a substantial amount of gas left within the nonconvective
Tayer. But experience with the mixing pump in tank 101-SY has shown the gas
is not easily released. Substantial agitation by the mixing pump produced an
increased rate but did not trigger sudden precipitous releases. Figure 4-2
shows surface level data from two full-scale tests (#4 and #5) for 101-SY.

The mixing pump was run for 1 hour at 750 rpm at different directions of flow
discharge. The surface level, as measured by both the FIC (Food Instrument
Corporation) and the Manual Tape, does not show an abrupt drop. There is no
evidence that the remaining gas in the nonconvective layer is easily released.

Studies of gas bubble retention by McDuffie (1994) indicate the bubbles
are held by several mechanisms (e.g., viscous trapping of bubbles,
stabilization in three-phase foams at hydrophobic surfaces, capillary channel
gas accumulation, mechanical trapping in crystal clusters, and tight
engulfment in "armored bubbles"). The major release process is triggered when
an unstable clump of nonconvective waste rises to the top of the tank,
reducing hydrostatic pressure so the bubbles grow in size and disrupt the
matrix. :

It should be noted the Table 4-1 results do not include the condensible
gas components added by the convective region during the GRE such as the water
vapor and ammonia. Corrections for these components will be included in the
next section after the gas composition has been established.
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4.2 GAS COMPOSITION

The gas composition is based on results from tank 101-SY, which has the
. most compiete characterization to date. A good description of the history of
the slurry gas measurements is found in Appendix C of LANL (1994). The
measurements give the composition for only the noncondensible portion of the
release gas. The condensibles such as water vapor and ammonia appear to be
Tost during sample preparation and the indicated gas fractions must be
corrected for this. This was done in LANL (1994) and their best estimate
composition is chosen for this assessment. In addition, a conservative
estimate composition is selected which reflects maximum fuel quantities
expected and provides a bounding value for the combustion energy. The Los
Alamos National Laboratory (LANL) conservative estimate is based on a maximum
waste temperature of 125 °F. This temperature exceeds waste temperatures in
the study group of tanks, higher temperatures increase the release of ammonia
as discussed below. We have rounded the concentration values somewhat for our
analysis, and the combustion energy slightly exceeds the LANL values. These
gas compositions are shown in Table 4-2.

Table 4-2. Best Estimate and Conservative Estimate for
Release Gas Compositions.

Parameter LANL bes(t%)estimate LANL cor(\;t)ervative Conse(r%v)ative
Hydrogen 28.77 28.45 30
Nitrous oxide 24.45 24.18 30
Ammonia 10.95 22.03 20
Methane 0.35 0.48 1.0
Carbon monoxide 0.25 0.50 0.5
Nitrogen 32.83 21.25 18.5
Water vapor 2.4 3.1 0
ﬁg‘}‘ggﬁw" energy, 128 164 170
LFL, % slurry gas 12.49 11.5 11.03
Water vapor in
combustion 23.2 31 31
products, %

Combustion product 1.002 1.016 1.024

The best estimate composition is intended to provide calculational

results for expected gas compositions and also quantify safety margins when
comparing with conservative estimate results. The conservative estimate
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results allow for potential variations in gas compositions between tanks and
ensure the calculational bounds and consequences of this report are not
exceeded by subsequent GREs.

The main difference between the conservative and best estimate gases is

~ the increase in the quantity of ammonia and, to a lesser extent, nitrous
oxide. The addition of more fuel and oxidizer increases the combustion energy
by 33%. This substantially raises the product gas temperature and, because
radiation heat transfer is dominant and is proportional to the fourth power of
temperature, this increases the rate of heat transfer from the gas plume to
the crust. Also, ammonia combustion creates more water vapor products which
also increases the heat transfer rate. So, this selection of a conservative
mix provides a considerable margin over compositions which have been measured
in the tanks. Note the conservative gas combustion energy essentially
duplicates the LANL conservative value and is about 35% greater than the LANL
best estimate.

The last item in Table 4-2 is the ratio of product moles to initial moles
of combustible gas. This is important for calculating the resulting pressure
from a combustion event. Some reactions increase the molar quantity while
others decrease it. However, the resultant value for the mix appears to stay
close to 1.0. (Note that both the water vapor content and product ratio
values shown in Table 4-2 use slurry gas mixed with an equal volume of air.)

4.3 TOTAL GAS RELEASE QUANTITIES

The condensible fraction sum for ammonia and water vapor in Table 4-2
is 0.1335 for the best estimate and 0.2 for the conservative case. Using the
dry gas release as indicated by the crust drops, the actual gas release into
the dome space may be calculated as shown in Table 4-3. The water vapor and
ammonia releases are not indicated by the surface level change because they
remain in the condensed phase until liberated at the free surface.

Table 4-3. Total Gas Release Quantities.

Tank Ip | Dome volume | Dry gas release Actual gas release (ft’)
(ft) (ft7) Best estimate | Consarvative gas
101-AW 37,634 1,366 1,576 1,708
101-AN 61,100 1,933 2,231 2,416
104-AN 46,010 2,848 3,287 3,560
105-AN 37,360 1,893 2,185 2,366
103-SY 87,609 1,330 _ 1,535 1,663
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An additional conservative case is selected which bounds all of the tanks .
and will be used for developing a radioactive source term. This uses a

conservative gas mixture, 35,000 ft*> dome volume, and 4,000 ft* of slurry gas.

The gas composition and quantity exceed observations for all the tanks being

assessed and the small dome volume maximizes the heat to the crust and, as a

result, maximizes radioactive release calculations.

4.4 COMPLETE MIXING RESULTS

The slurry gas fraction in the dome space can be calculated from the
values in Table 4-3. Using tank 101-AW as an example, dividing the
conservative gas release by the dome volume produces a mixture fraction of
4.54%. This compares with the LFL shown in Table 4-2 as 11.03%. So, even
with conservative assumptions about gas quantities, if the slurry gas becomes
well mixed, it is no longer combustible.

Similar results may be obtained for the other tanks. Figure 4-3 shows
that all mixtures are much less than the LFL, most by less than a factor of
one-half. (The stacked bar in Figure 4-3 is used to indicate the components
of the slurry gas and to emphasize the fuel portion is only about one-half.)
These results demonstrate the only way a gas combustion event could occur in
these tanks is during some short interval before mixing is completed. The
consequences of this event will be analyzed as a plume burn.
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Completely Mixed Slurry Gas Concentrations

(Conservative Gas Mix).

Figure 4-3.
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5.0 GAS MIXING STUDIES

A computer simulation of slurry gas release into the tank dome was used
to evaluate the length of time flammable concentrations could exist in the
dome space and the total accumulated amount of gas. The sensitivity of the
results to changes in release duration and release area was examined
garametriga]]y. Spatial concentration distribution was also parametrically

etermined. )

5.1 DEFINITION OF CONDITIONS

During episodic GREs, a concentrated mixture of fuel gases and oxidizing
gas is released into the air space in the tanks. In the tank, fuel mixes with
air and is exhausted from the tank by the tank farm ventilation system. 1In
this report, the length of time a flammable mixture exists at any location in
the tank is considered the time at risk. The contact of a spark or ignition
source with the gas mixture in the tank would result in a fire. At all other
times, an ignition source would be harmless. In order to determine the time
at risk, the mixing of slurry gas and air in the tanks' free volume has been
investigated using the GOTHIC code (Wood 1994). The GOTHIC results are also
used to investigate fuel gas concentration spatial distributions, since
concentrations only slightly above the LFL produce low burn pressure.

The GOTHIC code is an updated version of the FATHOMS code (Burke 1990).
The FATHOMS computer code is a direct extension of the general thermal-
hydraulic analysis code, COBRA-NC, which was developed by Pacific Northwest
Laboratory (PNL). FATHOMS encompasses essentially all of the COBRA-NC
capabilities, but has been modified by Numerical Applications, Inc. to enhance
the modeling for containment-type analyses. The code solves the conservation
equations for mass, momentum, and energy for multicomponent two-phase flow.
The code models the effects of the ventilation system on in-tank flow
patterns, natural convection flow in the tank, and effects of momentum and
buoyancy of the low-density slurry gas release.

The variables affecting mixing behavior defined for this study are gas
composition, tank ventilation rate, tank free volume, slurry gas input volume,
gas release area, and gas release rate. The choice of each of these variables
is discussed below.

For the mixing calculations, where molar density would show up as a
buoyancy effect, the following gas composition was selected: 30% H,, 20% NHs,
30% N,0, 20% N,. This mixture has a molar density of 22.8, which is close to
that of the conservative mixture of 22.68 as shown in Section 4.0.

A ventilation rate of 1,000 fts/min for the six AW tanks is given in the
Interim Safety Basis (ISB) (Leach and Stahl 1993) Systems Description;
800 ft>/min is given for the seven AN tanks. The systems are operated so that
each tank will have essentially the same amount of air flow. The mixing
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calculations are not greatly affected by ventilation rate in this range, and
100 ft°/min was adopted as an average minimum value. The operating .
specifications for watch 1ist tanks (WHC 1992) do not mandate minimum

ventilation requirements in these tanks.

The tank free volume is shown in Table 5-1. For the mixing studies,
three nominal free volumes were considered: 35,000, 45,000, and 85,000 ft°.
However, in setting up the GOTHIC mixing model w1th su1tab1e node sizes
(Wood 1994), the actual volumes ended up as 38,828, 47,668, and 83,117 ft3,
respectively, for the three study cases. In th1s report these three vo]umes
are identified as 38,800, 47,700, and 83,100 ft®, vespect1ve1y

Table 5-1. Tank Free Volume.

Tank Free volume (ft°) Reference
101-AW 37,634 Wilkins (1994)
103-AN , 61,100 *Reynolds (1994)
104-AN 46,010 Reynolds (1994)

~ 105-AN 37,360 Reynolds (1994)
103-SY 87,600 Fox et al. (1993)

Gas release based on the largest daily surface level drop recorded
(Reynolds 1993) is shown in Table 5-2. The maximum drop observed in this
group of tanks has been rounded up to 4 in., and release per inch drop has
been rounded up to 900 ft>. Thus, slurry gas input for mixing studies is
taken as 3,600 ft° at tank temperature and 1 atm.

Table 5-2. Maximum Gas Release.

.Tank Maximpm drop Gas re1ease ft3 release per
(in.) (ft ) in. drop
101-AW 1.6 1,366 854
103-AN 2.5 1,93 773
104-AN 3.6 2,848 791
105-AN ' 2.3 1,893 823

The LANL Safety Assessment (LANL 1994) postulates the slurry gas release
in a tank 101-SY maximum burp to occur over one-half the waste surface area.
The prompt release is what is important in mixing and burning studies, but
only a 1-hour release is available for tank 101-AW and 1-day releases for the .
remaining tanks in this study. We have taken the releases in these tanks to
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be nominally one fifth to one third of the tank 101-SY releases; i.e., 2 in.
versus 10 in. or 4 in. versus 12 in. of waste surface level drop. Thus, the
release area is calculated as:

(1/3) x (1/2) x (4,400) = 733 ft2

For symmetry keasons, this area is approximated by the use of nine 100 ft?
nodes, placed at the center of the tank, for the base case.

5.2 GOTHIC CODE MODEL

The node arrangement used for the base case is shown in Figures 5-1A
and 5-1B. Slurry gas enters through the 9 nodes centered around node 25 at
Level 1. Each of the central nodes is 100 ft°, as stated earlier. The wall
nodes are 10 ft by 12.5 ft, such that total area is 4,000 ft°. The
ventilation air enters the top of the dome directly over node 25 and exits
over node 39. Data plots of gas concentration versus time are provided in
this report for the series of nodes beginning with nodes 25, 18, 11, and 4 at
the waste surface and extending to the top of the tank.

The distance above the waste surface for each node level is given in

Table 5-3. For the base case, the highest levels available over nodes 11 and
4 are 11 ft and 7.7 ft, respectively, owing to dome curvature.

Table 5-3. Node Spacing for Levels in Figures 5-1A and 5-1B.

Level D1§3¢2§§eto Level ;?:E;;fi;%%
(ft)
1 0.2 9 4.4
2 0.4 10 5.5
3 0.6 11 6.6
4 0.8 12 7.7
5 1.0 13 8.8
6 1.4 14 9.9
7 2.2 15 11.0
8 3.3 16 12.22
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Figure 5-1A. GOTHIC Node Arrangement for Mixing Studies (Wood 1994).
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. Figure 5-1B. GOTHIC Node Arrangement for Mixing Studies (Wood 1994).
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5.3 TIME AT RISK | .

Time at risk is estimated us1ng Figures 5-2 through 5-12 for the base
case. The base case used 3,600 ft* of flammable gas enter1ng over an area of
900 ft? in the center of the tank. The only variable in the data set was time
of gas injection, which was varied from 5 minutes to 100 minutes. The time at
risk was measured from the time that any node in the tank reached 4% flammable
fuel gas until the last node (always at a different location) dropped back to
4%. No consideration was given to the fact that, in most cases, only a small
amount of flammable gas is available when an inlet node reaches 4%. At that
time, on]y about 6 ft> of fuel gas would be present in the node volume of
150 ft*>, for the base case.

Time at risk and mixing behavior is illustrated in Figures 5-2 and 5-3
for the 5-minute gas input case. Figure 5-2 shows the center inlet node (25)
rising to 13% at essentially time zero. The remaining four nodes on the plot
directly above node 25 (i.e., nodes 74, 123, 172, and 221) have successively
lower concentrations that abruptly fall off when the gas injection is
terminated at 300 seconds (the origin on the plots is at 500 seconds for
Figures 5-2 through 5-9). Figure 5-3 shows the last nodes to drop back to 4%.
These nodes are located at the top of the tank, above the inlet node that is
next to the tank center. This set of nodes peaks about 3.5 minutes after the
inflow starts, and then about an additional 27 minutes are required for the
ventilation fan to purge out the gas in excess of 4%. A similar mixing
pattern is shown in Figures 5-4 and 5-5 for the 10-minute gas inlet case,
except that peak concentrations are a lTittle lower and the timing slightly
perturbed. Another difference is that the last node to be purged out is one
node closer to the tank wall.

For the 50-minute gas input case, Figure 5-6 shows the inlet node next to
the center reaching 4% well ahead of the remaining four nodes in the set as a
result of the greater mixing time afforded by the reduced gas injection rate.
Figure 5-7 shows the same general pattern as the other injection times, but
the peak is lower owing to more complete mixing and there is less spread in
node gas concentrations. The top 6 ft of the tank over node 18
(nodes 508-753) are essentially at a uniform concentration. The time at risk
for this case starts at 9 minutes when the spike on Figure 5-6 crosses the
4% value and ends at 68 minutes when the last node on Figure 5-7 returns
to 4%.

The 100-minute injection case shows the same general behavior, delayed in
time. This behavior is shown graphically in Figures 5-8 and 5-9. In this
case, the influence of convective flow on the slow gas input rate shows up as
more variability in the inlet node gas concentrations. The fuel gas
concentration reaches 4% at 44 minutes, remains above 4% for about 2 minutes,
retreats, and reaches above 4% at 57 minutes.

The base case in the gas mixing studies used a slurry gas input volume of
3,600 ft>. This value was rounded up to 4,000 ft*> for the conservative
bound1ng crust burn and tank pressur1zat1on calculations. Therefore, the
50-minute case was repeated with a 4,000 ft3 gas input with all other
variables left unchanged. The resu]ts are shown on Figures 5-10 and 5-11.
The mixing pattern is nearly identical, but concentrations peak at higher .
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. Figure 5-2. Gas Concentration vs. Time - 5 Minute Gas Input Time.
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Figure 5-3. Gas Concentration vs. Time - 5 Minute Input Time.
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Figure 5-4. Gas Concentration vs. Time - 10 Minute Gas Input Time. .
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Figure 5-5. Gas Concentration vs. Timek- 10 Minute Gas Input Time.
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Figure 5-6. Gas Concentration vs. Time - 50 Minute Gas Input Time.
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Figure 5-8.

Gas Concentration vs. Time - 100 Minute Gas Input Time.
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Figure 5-10.
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Gas Concentration vs. Time - 4,000 ft3 Slurry Gas Inpht,
50 Minute Input Time.
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Figure 5-11.

Gas Concentration vs. Time - 4,000 ft3 Slurry Gas Input,
50 Minute Input Time.
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values, reflecting the larger volume of gas entering the dome. The increased
concentration over 4% requires about 38 minutes more for the ventilation
system to purge out the excess. This time increase is roughly proportional to
the increase in the concentration above 4% for the two cases.

The total time that the dome concentration exceeds 4% of flammable gas

for the foregoing cases is summarized in Table 5-4. It is seen that the
Tongest time at risk is about 100 minutes. As discussed earlier, the time at

Table 5-4. Time at Risk - Base Cases.

Itni;::et | Togtaas] 1Sn1puu]r;cry Max. conc. r:re1 :::eh t4‘;6 rlmintgo Total time
(min) (ft*) (% fuel) ) A > 4% (min)
(min) 4% (min)
10 3,600 21.5 0 20 m
50 4,000 7.1 3 108 v
100 3,600 4.9 44 101 26

risk definition considers the time any node concentration is at 4% or more and
includes times when only a small volume of gas is at the LFL. The length of
time that a significant volume of gas (a few hundred cubic feet of hydrogen)
is present at flammable concentrations is less: approx1mate1y 34, 20, 10, and
58 minutes for the 10, 50, 100, and 50 minute - 4,000 ft> cases, respect1ve1y

A1l of these mixing results are based on 38,800 ft* free volume in the
waste tank. This volume approximates that currently available in
tanks ‘101-SY, 101-AW, and 105-AN. The effect of free volume on mixing and
time at rjsk was investigated by repeating the mixing simulation at 47,700 and
83,100 ft’> free volume, while h01d1ng all other variables unchanged.
Flgures 5 12 and 5-13 for 47,700 ft> are comparable to Figures 5-6 and 5-7 for
38,800 ft3. It is seen that, with the added free volume, nodes other than the
f1rst 1n1et node stay below 4%, and the inlet node itself promptly drops below
4% as soon as the slurry gas input ends. Figure 5-13 shows that the nodes at
the top of the tank remain below 4% fuel gas. Comparable figures for
83,100 ft> tank free volume are shown as Figures 5-14 and 5-15. In this case,
the effect of the incoming air from the top of the tank is dissipated before
reaching the waste surface and convective flow results in higher, and more
erratic local concentrations that reach 11.7% (Figure 5-14). Local
concentration perturbations continue at the 12.2-ft level, node 753 on
Figure 5-15, but the concentration remains well below 4%. At the top of the
tank, 23.5 ft above the surface, these perturbations become significantly
smoothed; concentrations remain well below 4%. The effects of free volume on
mixing time are summarized in Table 5-5.
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‘Figure 5-12. Gas Concentration vs. Time - 47,700 ft3 Tank Free
. Volume, 50 Minute Gas Input Time.
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Figure 5-13. Gas Concentration vs. Time - 47,700 ft> Tank Free
Volume, 50 Minute Gas Input Time.
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Figure 5-14. Gas Concentration vs. Time - 83,100 ft3 Tank Free .
Volume, 50 Minute Gas Input Time.
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Figure 5-15. Gas Concentration vs. Time - 83,100 ft3 Tank Free
Volume, 50 Minute Gas Input Time.
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Table 5-5. Time at Risk versus Free Volume.

: Time to .

Fre%f\{g)lume Max.fﬁg?t):. (% Tm& t(?n 1.r;'e)ach retu{n?int)o 4%, TO:;I(;}I:? >
38,800 6.1 9 68 : 59
47,700 5.6 11 - 50 39
83,100 11.5 15 50 35

-

The last variable considered was slurry gas inlet area. The choice of
900 ft for these studies was discussed ear11er For sens1t1v1ty testing, the
mixing s1mulat109 was repeated with 100 ft and 4,000 ft°, for the 50-m1nute
input, 38,800 ft® free volume base case. Se]ected resu]ts for the 100 ft°
case are shown in Figures 5-16 and 5-17, with the concentrated inlet, local
concentration peaks at a relatively high value. Mixing takes place qu1te
rapidly and, by the time the upper, part of the tank is reached, concentrat1on
patterns are similar to the 900 ft2 inlet case. Results for the 4,000 ft°
case are shown in Figures 5-18 and 5-19. In this case, the node next to the
wall reaches a concentration of 4% fuel gas first, with somewhat more
variability in the local concentrations. Concentrat1ons in the upper part of
the tank are consistent with those found in the smaller release area cases.
The times at risk are summarized in Table 5-6.

Table 5-6. Time at Risk versus Gas Inlet Area.

. < Time to . o

,a(;r?:a 1(nf]§2t) Mb?;:.fﬁg?g. Time 'c(c:n 1.r;‘e)ach 4% retu(r;wint)o 4% Total (:{;‘:rrrs. > 4%
100 38.0 0 67 67
900 6.1 9 68 59
4,000 6.2 28 72 44

5.4 SUMMARY OF MIXING RESULTS

The mixing studies reported here show that for this set of tanks, the
length of time per release event that a tank contains more than 4% flammable
gas at any location in the dome space is not likely to exceed 2 hours. This
time applies to the whole range of gas input times considered, which ranged
from 5 minutes to 100 minutes. For the gas quantities considered, input time
is not likely to be shorter than 5 minutes. The highest gas input rate
observed in tank 101-SY was a level drop of 10 in. in 10 minutes in
September 1992. Since most level measurements for the AW and AN tanks are
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24 hours apart, reliable rate data are not available for these tanks. The '
only short-term level drop data point available is a drop of 1.6 in. for .
tank 101-AW in 1 hour. Thus, release times up to 100 minutes were considered

with 50 minutes adopted for the base case.

The total gas input quantity in the most sensitive parameter found for
effect on time at risk. Because the concentration reaches to just a little
over 4% for the base case, a small increase in gas input provides a relatively
Targe increase in the excess that must be purged out to return the
concentration to 4%.

Time at risk is comparatively insensitive to free volume over the range
available in this group of tanks. Although the purge time constant becomes
larger as free volume increases, this effect is overcome by natural convection
dispersion of fuel gas in the larger dome space. Thus, the smallest dome
space shows the longest time at risk. '

Time at risk is also quite insensitive to gas input area, and the value
chosen for the base case does not introduce a significant bias. This analysis
indicates that time at risk, defined as that time when any of the volume nodes
in the model contain a fuel gas concentration greater than 4%, was determined
to be 59 minutes with 3,600 ft*> slurry gas input and 100 mwnutes with
4,000 ft® gas input for a tank §ree volume of 38,800 ft>. When the dome
volume is adjusted to 35,000 ft°, approx1mat1ng dome space when the tank is
filled to capac1ty3 time at risk is estimated to be 62 and 112 minutes for
3,600 and 4,000 ft° slurry gas 1nput volumes, respectively. The 1nlet node in
the model has a volume of 150 ft* and at 4% wou]d contain only 6 ft> of fuel
gas. The time at risk was measured from the time the first node reached 4%.
However, ignition at that time, if it were possible, would have trivial
- consequences. The time that a significant volume of gas (more than 100-

200 ft* ) is present is somewhat less than the times quoted above. Moreover,
the tank with the largest slurry gas release, tank 104-AN, has a larger free
volume than the base case used above to generate the risk times.
Nevertheless, for risk quantification in Section 8.0 of this report, time at
risk was taken as 200 minutes per year per tank to bound uncertainties.

5.5 CONCENTRATION DISTRIBUTION

In addition to showing the length of time flammable gas concentrations
would exist in these tanks, the mixing simulation also shows the quantities of
gas above the LFL. The results are given as a function of gas input time and
the other independent variables considered in the previous section. The
results are summarized in Tables 5-7 through 5-10.

Table 5-7 shows the effect of fuel gas input rate on concentration
distribution. It is seen that as the gas input is spread out in time, the
maximum concentrations drop off rapidly. The gas vo]umes above 5% are small
for the base case of 50 minutes. For example, the 180 ft* of tank vapor space
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Gas Concentration vs. Time - 100 ft® Gas Inlet Area,
50 Minute Gas Input Time.
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Figure 5-17.

Gas Concentration vs. Time - 100 ft® Gas Inlet Area,
50 Minute Gas Input Time.
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Figure 5-18. Gas Concentration vs. Time - 4,000 ft? Gas Inlet Area, .
50 Minute Gas Input Time. '
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Figure 5-19. Gas Concentration vs. Time - 4,000 ft? Gas Inlet Area,
50 Minute Gas Input Time.
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at a concentration greater than 5% contains less than 10 ft* of fuel (hydrogen
and ammonia mixture). This is less than 1% of the total fuel gas in the tank.
The remainder is at a concentration of about 4.2%. Lean mixtures such as this
proguce only about one third of the adiabatic burn energy owing to incomplete
combustion. :

The gas concentration distributions in these tables have been
conservatively defined. If a concentration spike reaches a node, that node is
considered to contain that concentration for all time. The maximum
concentrations seen by any node are tabulated and summed to get the total in a
particular concentration bin even though the maximums may occur at different
times.

The effect of tank free volume on gas concentrations is shown in
Table 5-8. For the burp sizes considered here, increasing. the tank free
volume decreases flammable mixture volume. The 180 ft°> with a high
concentration in the 83,100 ft> case is a result of short duration
concentration spikes.

_ The effect of gas_input area on concentration distribution is shown in

Table 5-9. The 100 ft2 injection area shows small amounts of gas at higher
concentrations than the other two cases. However, in all cases, more than 97%
of the flammable gas is present only as a dilute mixture that would be barely
flammable. Table 5-10 shows the effect of increasing the total gas input from
3,600 to 4,000 ft>. The bulk of the fuel ends up at a concentration of 4.7%
instead of 4.2%, still a Tow concentration that would burn with low thermal
efficiency if ignited. - C

It should be noted that if the slurry gas contains 20% NH,, as described
in Section 5.1, the LFL is 5.7% fuel gas (H, + NH;). So concentration
fractions of 4 to 5% fuel gas are really no% flammable. However, if the fuel
gas were all hydrogen, then the LFL is 4% fuel gas and upward propagation is
possible at concentrations of 4.2 to 4.7%. Therefore, the foregoing
conclusions are applicable to slurry gas mixtures which might contain
50% hydrogen. .

From the gas distribution studies, it can be seen that dilution occurs
nearly in balance with the gas input rate. This observation applies to the
range of parameters likely to be encountered in this group of tanks, based on
current information.

This behavior suggests that application of hydrogen burn efficiency
studies should be considered in hazard evaluation of these and similar tanks.
A brief review of some flammability data is provided in Section 5.6.
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Table 5-7. Effect of Gas Input_Rate on Concentration Distribution
' (38,800 ft* free space). .
Concentration Gas input time (min)
(vol%) 5 10 50 100
>10 420 540 0 0
8-10 200 200 0 0
7-8 190 40 0
6-7 380 190 160 0
5-6 7,528 2,350 20 0
4-5 19,880 30,450 38,620 800
Total >4% 28,600 33,770 38,800 80
Table 5-8. Effect of Free Volume on Concentration
Distribution, 50 Minute Input Time.
COﬂiﬁzﬁgstiOﬂ Tank Dome Volume (ft%)
38,800 47,700 83,100
>10 0 0 20*
8-10 0 0 160*
7-8 0 0 0
6-7 160 0 20
5-6 20 160 0
4-5 38,620 20 340
3-4 0 Ca. 47,520 0
2-3 0 0 Ca. 82,560

*Mainly short duration spikes.
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Table 5-9. Effect of Gas Input Area on Concentration
Distribution (38,800 ft free space).
Concentration Gas release area (ft?)
(vol%) 100 900 4,000
>10 40 0
8-10 20 0 0
7-8 - 20 0
6-7 180 160 300
5-6 680 20 320
4-5 37,860 38,620 38,180
Table 5-10. Effect of Total Gas Input

on Concentration Distribution

(38,800 ft> free space).

Concentration Gas input (ft%)
(vol%)
3,600 4,000
>10 0 0
8-10 0 0
7-8 0 160
6-7 160 0
5-6 20 20
4-5 38,620' 38,620°

1Mam]y Ca. 4.2%.
Ma1n1y Ca. 4.7%.

5.6 FLAMMABILITY DATA

The failure of lean hydrogen mixtures to produce calculated adiabatic
burn pressures is well established. The deviation between actual and
calculated burn pressures has been quantified in Cashdollar et al. (1993),
Hertzberg (1983), Plys (1993), and others. The actual results are affected by
energy of ignition, the volume of the test vessel, and the hydrodynamic
condition of the mixture (i.e., whether quiescent or turbulent). A thorough
examination of these variables is beyond the scope of this report. However,
consideration of the data cited suggests that the lean mixtures likely to be
encountered in waste tanks will not burn completely.
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Table 5-11 (based on Cashdollar et al. 1993, Figure 39) shows the ratios
of experimental-to-adiabatic burn pressure data for stoichiometric hydrogen-
nitrous oxide mixtures, remainder argon. The experimental data were obtained
from turbulent mixtures. These data should be conservative when applied to
hydrogen-nitrous oxide air mixtures, since the heat capacity of monatomic
argon is 60% of that of diatomic air. Thus, higher temperatures, and hence
pressures, should result from burning a given amount of hydrogen in the tests.
These data are 1ikely to provide reasonable estimates of pressure reduction,
but numerous variables are involved, and additional investigation is required
before taking credit for this effect. It is seen that adiabatic burn pressure
calculations are 1ikely to overpredict consequences by factors of about two to
three in lean mixtures. '

Table 5-11. Burn Pressure Ratios:
Experimental/Calculated.

Hydrogen conc. (%) Pressure ratio
4.5 . 0.36
0.38
6 0.45
7 0.53
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6.0 PLUME BURN MODEL

As discussed in Section 4.0, if the released gas is completely mixed with
the large dome air space, its concentration is below the LFL and will not
burn. However, it is conceivable that a rapid release could be ignited before
complete mixing occurs. This event is called a plume burn because unmixed gas
in a limited region in the dome space burns.

The actual burning of a plume is a very complex process involving a
burning front, which propagates throughout the gas and is pushed by the hot
expanding combustion products. This will be approximated here by a
conservative model that heats the gas by self-combustion, expands as a result
of heating, and loses heat primarily by thermal radiation. This model
investigates combustion of a plume of gas, which heats a crust that is
floating on the top surface of the waste. With sufficient heating, the plume
burn could be an ignition source for a reactive crust. The possibility of
this occurrence is investigated in Section 7.2. This section describes the
details of the plume burn modeling. :

6.1 GAS MODEL

A gas plume is assumed to be released into the air-filled dome space at
1 atm pressure. Mixing with the dome air is treated by increasing the size of
the plume. and reducing the plume gas fractions. No further mixing is allowed
during ‘the burning process. The gas is burned with a prescribed burning time,
the heat of combustion is added to the plume which expands so that the
pressure remains equal inside the plume and within the tank. The final volume
of the plume may be many times the initial size. The gaseous combustion
products contain water vapor which radiates energy out of the plume to the
tank surfaces, including the crust. A simplified convective heat loss is
included, but the loss is small when compared with thermal radiation.

The thermodynamic equations for the gas plume and air are as follows:

Temperature
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(6-2)

wlw .
u
~l= .
+
== .
i
<l< -

where the plume gas conditions are described by:

T

Temperature

Volume

Pressure

Mass of gas

Moles of gas

Isentropic exponent

Heat rate additions and losses
C, = Specific heat at constant volume
(+) = Time derivative.

v
P
m
N
14
Q

Equations 6-1 and 6-2 are written for both the plume and dome air.  Using
the condition that pressure remain the same in both regions, and that volume
increase in the plume equals the volume decrease of the air space, these
equations may be solved for each time step. Further details of this
derivation and the predictor-corrector method of solving the differential
equations are shown in Appendix A.

6.2 GAS ENERGY OF COMBUSTION

The slurry gas is a multi-component mixture of fuel, oxidant, and other
nonreacting gases. The combustion process may proceed along different paths
depending on temperature and gas concentrations. The approach here is to
maximize the heat of combustion which gives the highest product temperatures,
pressures, and heat transferred to the crust. ‘

Maximum conditions are accomplished by assuming the reactions occur in a
specific order. That is, the oxidizer, nitrous oxide, produces the largest
exothermic energy and is used to react the most energetic fuels first. Then,
when the nitrous oxide is consumed, the remainder of the fuel gases are
reacted with oxygen from the air.

The chemical reactions are ordered as follows:

1,130 kJ

CH, + 4N,0 €0, + 2H,0 + 4N, (6-3)
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. | NHy + %/vzo 439 kJ .‘;iH,_O . 2N, (6-4)
co+no 38Ky sco, (6-5)
Hy + M0 24K o an, (6-6)
ch, +20, SB Ko Lo (6-7)
iy + 30, TR 34,50 Ly  (6-8)

12 — 7 2
co+to, 2K o (6-9)

1, 242 kJ

Hy + 50, Hy0 (6-10)

The heat of reaction energies are calculated using heats of formation and
given in kd/mole of fuel gas. In addition, the number of moles of product
gases may be different than the moles of reactants. An example of the results
is shown in Table 6-1 for the best estimate composition of slurry gas which
has been mixed with an equal volume of air.

Note an initial water vapor fraction of 0.012 was incorporated into the
nitrogen quantity as an unreacting gas. This has very little effect on the
results. :

Applying Equations 6-3 through 6-10 to the reactants in Table 6-1
produces a heat of combustion of 128 kJ/mole of slurry gas, as shown in
Table 4-2. In addition, the products moles have increased by the factor
. 1.002, showing the change in molar quantities is very small for this
composition.
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Table 6-1. Composition Fractions for
Best Estimate Gas.

Reactants Products
H, = 0.14385 H,0 = 0.22896
N0 = 0.12225 €0, = 0.00299
NH; = 0.05475 0, = 0.04890
CH, = 0.00175 N, = 0.71915
€0 = 0.00125 -

0, = 0.105 -

N, = 0.57115 ' -

6.3 RADIATION HEAT TRANSFER

The hot combustion gases radiate heat to the tank and crust, primarily
because of the water vapor content. An effective heat transfer coefficient to
the crust may be expressed as Equation 6-11.

. . 4 4
ho= o =2 (T, - 1) (6-11)
AT T -T,

where:
h, = Effective radiation heat transfer coefficient
g, = Radiation heat flux to crust
o = Stefen-Boltzmann coefficient
€ = Emissivity
T9 = Gas temperature, absolute
T, = Crust temperature, absolute.

The emissivity € is taken as the emissivity of the water vapor which is
dependent on the partial pressure P, and the effective radiation path
length, L (Jakob 1957). The partia1 pressure remains a constant fraction of
the total pressure since the water vapor fraction of the combustion products
is fixed. The products also contain a small amount of CO, which is a good
radiator. This is incorporated into the water vapor fraction to maintain
conservatism. The radiation path length is based on a spherical plume with
the appropriate burned gas volume, which varies during the heat-up and cool-
down processes.

6-4
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based on the product P.L and gas temperatures are tabulated for the computer
program use. Interpo]ated values are calculated as the gas temperature
changes during the plume cooling following completion of the burn.

. ~ The gas emissivity is obtained from Jakob (1957). Emissivity values

It is also necessary to make a correction to the emissivity values
calculated above because of the effect from total pressure. This correction
is also obtained from Jakob (1957). The correction multipliers for a total
pressure 1 atm or greater were curve fit for each P L value. Interpolations
were performed for intermediate values of P L.

The radiation heat transfer rates, when calculated as described,
represents that occurring on the surface of a spherical plume. This is
considered to be the reference case.

6.4 CONVECTIVE HEAT TRANSFER
Heat transfer from the hot gas to the surroundings may also occur by

convection. Because these rates are small when compared with thermal
radiation, the following simple relationship is used:

G =h (T, - T,) - (6-12)

. where:

q. = Heat transfer rate from convection
h. = Convection heat transfer coefficient
T, = Gas temperature

s = Surroundings temperature.

This completes the description of the model for analyzing the plume burn
and heat transfer to the crust. The chemical reactions which result at
different depths in the crust are dependent on local crust temperature
histories. These temperatures and reactions are computed by using an existing
transient conduction and chemical reaction code (Fox et al. 1992) which is
coupled to the heat source represented by the plume burn model.

Considerations necessary for adapting this code to the present problem are
described next.

6-5
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7.0 CRUST REACTIONS

A plume burn provides a source of high temperature gas which could heat
the crust surface to high temperatures for a short time period. Chemical
reactions can occur, which add more heat to the material. If the crust is
sufficiently reactive, such reactions could propagate until the fuel is
consumed. This section discusses the basis for selecting the crust reactivity
to be used in the computer analysis. This is followed by selected cases using
best estimate and conservative gas mixtures and assumptions. The section will
be completed by an analysis that evaluates the margin between the conservative
case and the onset of a propagating reaction.

7.1 CHEMICAL KINETICS

The exothermic reactions which might occur in the crust are complex and
the characterization should be obtained by experiments. Adiabatic calorimetry
has been performed for crust samples from tank 101-SY and the results were
used to assess the possibility of crust burning (Fox et al. 1992). There have
been no such measurements for crust from the tanks considered in this report,
so some assumptions and extrapolations will need to be made. This section
discusses the tank 101-SY calorimetry and the assumptions necessary to apply
these data to other tanks.

7.1.1 Adiabatic Calorimetry Tests

Recent data for real waste samples withdrawn from tank 101-SY
(Bechtold 1992) provide a new database and permit a more realistic evaluation
of crust reactions. These tests involve electrically heating comparatively
large samples (10 to 15 g) of a reactive material under conditions of low heat
loss, i.e., nearly adiabatic. Under such conditions, the effects of
exothermic reactions can be observed by measuring how rapidly the sample
self-heats and deviates from the slow electrical heating baseline. Specific
objectives of the test that are important to crust burn analysis are the
following.

1. Determine reaction onset temperature. This is the temperature at
which a measurable exothermic reaction is first noted.

2. Determine the total temperature rise of the material caused by the
chemical reaction, presumably resulting from the TOC present. This
temperature rise is proportional to the reaction exotherm expressed
in calories per gram. The maximum temperature rise corresponds to
the total energy released during the complete reaction.

3. Determine the rate of temperature rise caused by the reaction, as a
function of temperature. This allows heat generation rates to be
calculated as a function of temperature.

7-1
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exotherms are measured in dry materials. The endotherm caused by water
evaporation, which can be significant, is excluded from these tests.
Consequently, reaction kinetics based on these test results should overpredict
the amount of energy released by these reactions because the suppressing
effect of the water endotherm is not included. However, effects of water may
be incorporated in the computer simulation by increasing the specific heat at
water evaporation temperatures. As discussed later, this report adopts a
minimum water content of 10%, similar to prior analysis.

An important aspect of adiabatic calorimetry tests is that reaction .

Further details about the calorimetry. tests and analysis of the data may
be found in Fox et al. (1992, 1993).

7.1.2 Measured Crust Reactivity for Tank 101-SY

The calorimetry provides a relationship for the temperature rise rate as
a function of temperature. This relationship is usually highly nonlinear.
The volumetric heating rate is obtained by multiplying the temperature rise
rate by density and specific heat. Six tests on waste samples were selected
to characterize the tank waste exothermic behavior. Four composite samples
were obtained from various tank levels and two were from the crust (Fox et al.
1992). The results of the calorimetry are shown in Figure 7-1. The most
reactive sample, labeled 2, even though it was not from the crust, was
selected to characterize the crust in tank 101-SY. This curve was simulated
by computing temperature dependent temperature rise rates which are then
converted to equivalent heating rates. This characterization is shown in
Table 7-1. -

Table 7-1. Kinetic Parameters for Tank 101-SY.

Tpersture | OIS | g
ratio (C/C))
150 1.0 o 12
245 0.753 174
301 0.55 138
358 0.343 “ 190
390 0.224 272
440 0.0256 131

Qpax = 4.6 10% J/m’.

7-2




Tank 101-SY Calorimetry.

WHC-SD-WM-SAR-064

Figure 7-1.
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The heat generation relationship was assumed to follow an Arrhenius type .
reaction:
n
0 = [ﬁl A exp(-£,/RT) (7-1)
C, .
where: )
Q = Volumetric heat generation rate
C = Chemical concentration of fuel in crust
C/C, = Concentration ratio (also the Fuel fraction remaining
n = Reaction order, i.e., 1 = first order, 2 = second order
A = Constant
E, = Activation energy
R = Gas constant

T = Temperature:

Heat generation rates shown in Table 7-1 were fit by applying the first
order form of Equation 7-1 for each temperature increment, which provides a
functional relationship for the crust temperature dependent volumetric heat
generation rate which was incorporated into the computer model.

At first, it may seem strange to include the calorimetry chemical .
concentration ratio (C/C.), as a parameter in the characterization. This

represents the chemical reactant concentration when the Tisted temperatures

were reached for the calorimetry tests. These are used to calculate the "zero

order" coefficients, i.e., reaction rates if there were no chemical

consumption. When the zero order coefficients are applied for a crust burn

calculation, the correct consumption is also calculated based on the

integrated heat generation during the run. The heat generation rate is then

corrected using this computed consumption.

Table 7-1 also shows the exothermic energy, Q,.x; based on the total
temperature rise. The relationship relating the fuel fraction remaining and
heat generated for each point in the crust is shown as Equation 7-2.

R
CO

Qax

(7-2)
|
7.1.3 Basis for Extrapolation of Calorimetry
To apply the calorimetry results from tank 101-SY to other tanks, it is
necessary to consider the significance of chemistry differences. The
percentage of TOC in the crust may be the most important parameter when
considering exothermic reactions and the possibility of propagating reactions.

7-4
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It is implicitly assumed there is ample oxidant to react with the TOC.
Quantities of nitrates and nitrites reported in Section 3.3 support this
assumption.

The exothermic energy released during a crust reaction is expected to be
no worse than d1rect1y proportional to TOC values. We shall use this approach
and assume that Q,.« in Table 7-1 should be multiplied by the TOC ratio
[i.e., (TOC tank)/(TOC tank 101-SY)]. As discussed in Fox et al. (1993), the
crust TOC values are probably about the same in both tanks 103-SY and 101-SY.
However, there are some indications that towards the bottom of the tank, TOC
values might be a factor of two larger in tank 103-SY. This was adopted for
the previous study for tank 103-SY. Similarly, we will assume here the crust
exothermic energy is bounded by a value which is a factor of two larger than
tank 101-SY. It should be reemphasized that assuming the energetics in crust
are double that in tank 101-SY has the effect of doubling the maximum self-
heating temperature change observed in tank 101-SY waste sample adiabatic
calorimetry.

The rate of chemical reaction is a separate but important concept that
also needs to be addressed. If it is assumed the chemical reactions are
proportional to the molecular collision frequency, this leads to the reaction
rate being directly proportional to the TOC concentration. This is called a
first order reaction. Doubling the TOC value should then mean that the heat
generation rate would be doubled also. However, it is possible to have higher
order reactions, such as a second order reaction where the rate would be
increased four times (Hi1l1 1977). The order of reaction for HEDTA, a major
TOC contributor, has been evaluated for gas release in a simulated waste
mixture, including high concentrations of nitrate and nitrite solution
(Delegard 1980) and found to be represented by a first order reaction. While
the temperature of the reactants and the reaction rates would be substantially
different for a crust burn, there seems to be a sufficient basis to assume a
first order reaction rate as the most likely and use this for our reference
case. This is accomp11shed in the computer code by multiplying the TOC ratio,
as defined earlier in this section, times Q, in Table 7-1. A second order
reaction was also examined, however, in the’ prev1ous work (Fox et al. 1993).

A comparison of kinetics for the presumed crust with that from
tank 101-SY is shown in Figure 7-1. Curves labeled 2 through 7 are the
results of adiabatic calorimetry for waste samples from tank 101-SY. Curve 1
represents the conservative selection for the crust reactivity for these
tanks, which is obtained by doubling both the exothermic energy and the
temperature dependent reaction rates as discussed above.

A further comparison showing the effect of increasing the TOC is obtained
by calorimetry simulation using our crust reaction code and is included in
Table 7-2.

The TOC content is increased up to three times that of samples from
tank 101-SY. The test time represents when all of the TOC has reacted during
a calorimeter type test and is inversely proportional to the multiplier. It
is the best indicator showing how the crust reaction rates become more rapid
for a first order reaction when TOC values are increased. The maximum
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Table 7-2. First Order Kinetics.

Maximum . :
TOC Test time,
multiplier tempergture, minutes
1 ' 451 51
2 650 22
3 852 15.1

temperature is also a function of the TOC but needs to be adjusted for the
calorimeter baseline electrical heat input before this relationship becomes
apparent.

It 'is also important to understand how the amount of reacted material is
quantified in this report. As shown in Table 7-1, the self-heating energy for
the most reactive sample is 4.6x10° J/nF, which is equivalent to a reaction
energy of 73 cal/g. The heat generation rates, Qgens from Table 7-1 are
integrated over time to compute the amount of chemical heat generated at each
location. For examp]e, if the amount of heat generated is 36.5 cal/g, the
crust material is said to be 50% reacted. To evaluate the total quantity of
material that has reacted in the crust, the amount reacted at various depths
is summed to provide the equ1va]ent mass of crust material that is 100%
reacted. If a TOC multiplier is used, these energy values should all be
increased by the same multiplier. ‘

At this point, the amount of conservatism being incorporated into the
calculations should be emphasized. Crust from tank 103-SY probably has about
the same TOC as crust from tank 101-SY. Yet, previous work doubled the
measured crust exothermic energy and rates to ensure conservatism (Fox et al.
1993). However, as shown in Section 4.0, the DSS and DSSF in the AN and AW
farms have a TOC that is about 1/5 that of tank 101-SY. It should be
reasonable to use reduced energies and rates corresponding to the lower TOC
values. However, we have not performed any calorimetry for DSS or DSSF and
additional margin may be needed until more data are acquired. Because of
this, we continue to use the same crust model as used previously for
tank 103-SY. This makes sure the crust energetics measured for these new
tanks will be bounded by this hazard assessment. This ensures the present
analysis and conclusions will remain applicable but leaves the expectation
that calorimetry tests from these tanks will show much Tess reactive crust
than measured for tank 101-SY.

7.2 RESULTS OF CALCULATIONS

This section presents computer simulations of plume burns in each tank.
Previous sections have discussed and defined key parameters such as slurry gas
composition, release rates, and total quantities. Also included were the
crust TOC, chemical kinetics, and moisture. A conservative representation was
developed using observed quantities or reasonable extrapolations from
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tank 101-SY, which are selected as the best estimate cases. These results are
discussed in detail before considering the conservative case, which is
intended to bound all the tanks in this assessment.

7.2.1 Best Estimate Cases

The best estimate represents conservative choices of expected parameters
and are listed in Table 7-3.

-

Table 7-3. Best Estimate Parameters.

Slurry gas _ Gas mixture fraction
Hydrogen 0.14385
Nitrous oxide 0.12225
Ammonia - 0.05475
Methane 0.00175
Carbon monoxide 0.00125
Nitrogen 0.16415
Water vapor 0.01200

Air
“Oxygen ~0.10500
Nitrogen 0.39500

Temperature, initial 38 °C

Pressure, initial 1 atmosphere (atm)

Burning time 1 second

TOC multiple of tank 101-SY 2

Order of chemical reaction Ist

Gas plume shape Sphere

Crust moisture 10%

The gas releases described in Section 4.3 are diluted with an equal
volume of air (100% dilution) which results in the concentrations shown in
Table 7-3. This dilution considers the turbulent mixing processes (discussed
in Section 5.0) as the gas moves from the waste surface toward the top of the
tank dome where an ignition source could be present. Actual dilutions are
expected to be more because of the sporadic character of gas releases but the
100% dilution has been shown to be a defendable lower bound (Fox et al. 1993).
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The burning time of 1 second is based on approximate burning velocities
and, as indicated by the parametrics performed earlier (Fox et al. 1993), is
not a sensitive item. ’

Based on the experience from tank 101-SY (Fox et al. 1992), the crust
moisture content is set at the conservative value of 10%. Floating crust has
been measured to have values much greater, e.g., 15 to 40%. Even very dried
samples from the sludge weight sampler show 10% moisture. There may be small
areas where a waste deposits and crust have been separated from the liquid and
are drier. These areas include a "bath tub ring" on the tank sidewall or
clumps attached to tank internals, both of which were observed in tank 101-SY.

The moisture content of this waste has not been measured so will be
assumed to be dry. Evaluation of margins between these conditions and a
propagating reaction will use dry crust.

The results of the best estimate burning calculations for each tank are
shown in Table 7-4. The results are discussed using tank 101-AW as an

example.
Table 7-4. Peak Values for Plume Burning with Best Estimate Conditions
(100% Air Added, 10% Crust Moisture).
Slurry Gas Total Crust | Surface | Chemical
Tank ID gas tem Pressure heat surface | reacted heat
release (acg (atm abs) | transfer temp | exotherm| produced
(ft?) | I/md) (°C) (%) (J/m?)
101-AW 1,576 1690 1.576 1,037,600 267 0.49 2,410
103-AN 2,231 1691 1.510 1,121,600 278 0.60 2,985
104-AN 3,287 1765 1.990 1,424,400 360 1.20 6,507
105-AN 2,185 1733 1.808 1,208,900 302 0.72 3,827
103-SY 1,535 1638 1.245 923,400 233 0.31 1,672
103-SY* 1,663 1951 1.321 1,192,000 361 0.81 4,119
Conservative maximum burn conditions
CEMAXBRN 4,000 2174 2.88 2,245,000} 1004 100 683,700

*Conservative gas composition.

The slurry gas release defined in Table 4-3 is mixed with an equal volume
of air and burned creating a peak temperature and pressure of 1690 °C and

1.576 atm_(abs), respectively.

8.5 1b/in? (gage).
conservative values calculated in Section 8.1 (12 psig) because of heat losses
during the 1 second plume burn and not being a worst case mixture with air.

The peak pressure corresponds to
This pressure is substantially smaller than the
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The total heat transferred to the crust during the 50-second calculated
interval is about 10° J/mz. The surface temperature reaches a maximum of
267 °C at 2.14 seconds and then cools because of conduction into the deeper
crust. The heat transfer numerics require a fine nodal structure near the
surface because of the rapidity of the heat pulse. Node spacings of 0.125 mm
are used near the surface with larger spacings deeper in the interior.
Temperatures for four nodal positions are shown in Figure 7-2. While the
calculations were carried out for a time period of 50 seconds, only the first
10 seconds are shown here as being the most significant.

The chemical reactions in the crust are significantly affected by the
temperature attained during the transient. Figure 7-2 shows the surface
temperature reaches about 38 °C higher than the second node. This causes a
difference in the crust reaction as shown in F1gure 7-3. This shows the
fraction of maximum exothermic energy, which is released. Alternatively, it
can be viewed as the fraction of TOC, which has reacted at that location. In
any event, the surface releases about 0.49% of its energy while the next node,
at 0.125 mm, releases about 0.35% before cooling suppresses the reactions.
(These chemical reaction values are about 0.1% higher than those shown in
Figure 7-3 because the reaction has not yet stopped at 10 seconds.) Note the
fourth node at 0.76 mm has no s1gn1f1cant chemical react1ons The heat
generated by the exothermic reaction is about 2,410 J/m® and amounts to about
0.23% of the heat which has crossed the surface from the gas plume. The heat
generated by crust reactions is a small contributor to the temperatures
attained.

The effective radiation heat transfer coefficient, as defined by
Equation 6-4, is calculated and plotted in Figure 7-4. It is much larger than
the convective heat transfer coefficient. For this reason, it is possible to
ignore the effects of sharp edges and protuberances which might cause high
localized convective heat transfer.

Results for the other tanks vary somewhat because of the size of gas
release and the volume of air in the dome space, but the conclusions are
essentially the same. Burning the best estimate gas composition and release
size produces very slight crust reactions.

7.2.2 Parametric Studies

Previous studies (Fox et al. 1993) performed a series of parametric cases
which tested the sensitivity of the calculated results to various parameters
such as TOC content, plume burning time, gas release quantity, reaction order,
moisture content, dilution with air, and plume shape. These did not show
anomalous f1nd1ngs which would modify the conclusions that a propagating
reaction would not occur, even if the crust were dry. Since the reference
parametric case used in that study was based on tank 103-SY and the other
flammable gas tanks are similar, these results can be applied to this new
study also.
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Figure 7-2. Temperature Histories for Tank 101-AW.
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. | Figure 7-3. Crust Exothermic Reactions.
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F'igur'e 7-4. Thermal Radiation Coefficient (Tank 101-AW).
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‘ 7.2.3 Results of Conservative Calculations

Conservative results, also included in Table 7-4, show two examples
pertinent to this report. Both use a conservative gas mixture which increases
the concentration of ammonia and, as a result, the heat of combustion. The
first example reconsiders tank 103-SY. The second example selects a maximum
burn condition which bounds gas composition, the minimum size dome space, and
a bounding slurry gas release. The purpose is to select the worst of all
parameters to obtain a bounding tank loading for the flammable gas tanks and
use these conditions to evaluate a radioactive source term for the dose
calculations. .

7.2.3.1 Tank 103-SY. Tank 103-SY is included in this study for two reasons.
First, we wish to update the simplified gas composition used previously

(Fox et al. 1993) to the new gas composition used in this report, which
includes ammonia. Second, we wish to connect the previous detailed study and
the parametrics performed with the present study.

Table 7-4 shows results for tank 103-SY, both best estimate and
Conservative gas compositions. The crust reactions are the most indicative,
showing the severity of the heat Toading. The maximum crust surface
temperature is calculated to be 233 and 361 °C while the surface material only
reacted 0.31 and 0.81% of the available exothermic energy, respectively. The
previous study, which used a simplified gas composition, produced surface
temperatures of 242 to 288 °C and the surface reactions were 0.28 and 0.57%
for the reference and evaluation conditions, respectively. These results are

._ . very comparable with the present study and lead to similar conclusions, '
;1though the effect of the ammonia is evident by the more severe crust
eating.

7.2.3.2 Conservative Maximum Burn Conditions. The conservative maximum burn
conditions shown in Table 7-4 are substantially more severe than any of the
best estimate loadings. The larger gas quantity in the minimum dome volume
produces gage pressure loadings that are about double. Similar results are
observed for the heat transfer process. The surface temperature peaks at
1004 °C while the surface material is completely chemically reacted. The
chemical heat produced adds about 30% to the heat transferred from the heated
plume. The completely reacted layer extends beyond 0.25 mm but is only 3%
reacted at 1.3 mm. Thus, the thickness of the layer which has chemical
reactions is limited to 2 to 3 mm if directly beneath the plume and even less
as the radial distance is increased from the plume centerline. Still, no
propagating reaction develops and the reactions are limited to this thin
layer.

7.2.4 Evaluation of Margins .

The calculations shown previously demonstrate that neither the best
estimate nor the conservative estimate quantities of gas, when burned as a
plume, lead to a propagating reaction in the crust material. However, the
question arises as to how much margin lies between the conservative estimate
. case and the point where a propagating reaction could occur. This section
quantifies that question.
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The same plume burn computer model described in Section 6.0 is applied
here. Previous work considered the crust exothermic reactions to be first
order. So both the energy release and rates are assumed directly proportional
to the TOC content (i.e., doubling the TOC beyond tank 101-SY values would
double the energy release and the reaction rates). However, for this work we
will decouple the energy and rates so as to examine the importance of each
quantity. A modified version of the computer code was created to obtain
results with these input quantities separated. Both the energy and reaction
rates are applied as multiples of values obtained for tank 101-SY waste. The
calculation procedure consists of selecting a reaction rate and rerunning the
code many times while increasing the crust energy until the reaction begins to
propagate. The reaction rate ratio, R/R,, was varied from 0.2 to 10 with the
results shown in Figure 7-5. The energy ratio obtained, E/E,, was never less
than 2.2 and increased for slower rates, as would be expected. For the
reference reaction rate ratio of 2, used in this report, the crust reactions
- propagated if energy ratios were greater than 2.75. This provides almost
-40% margin beyond the reference case and 175% margin beyond tank 101-SY

results. Note these margins do not include the effect of crust moisture,
which would result in even larger margins. This demonstrates the conservatism
remaining in these calculations and emphasizes that a propagating reaction in
the crust will not be ignited by burning a combustible plume.
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. Figure 7-5. Self-Extinguishing Limits (Dry Crust).
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8.0 CONSEQUENCES OF SLURRY GAS BURN EVENTS

This section provides the tank pressures resulting from postulated slurry
gas burns. The radiological source terms are developed and dose consequences
provided. Risk associated with these tanks is shown to be well within the
risk acceptance guidelines.

8.1 TANK STRUCTURAL REACTIONS

The pressure created in the dome space when slurry gas is released and
ignited was calculated from the thermodynamic models described earlier.
During the burning, the slurry gas could exist as a plume or be completely
mixed. For large releases, it is assumed the slurry gas will be mixed with
all the air in the dome space. However, as the quantity of slurry gas is
parametrically decreased, at some point the LFL will be reached and completely
mixed combustion is not possible. For these quantities of slurry gas and
smaller, a plume is assumed to exist and be mixed with enough air to maximize
the pressures predicted.

There are two additional assumptions incorporated which make the
calculations conservative. First, no venting through the ventilation system

or risers is permitted during the burning event. Second, no heat transfer is

considered from the hot gases to the air in the dome space or to the dome
boundaries. More realistic calculations which include heat transfer show peak
pressure reduction by as much as 25 to 30%.

The rapge for this parametric study includes slurry gas releases of 1,000
to 6,000 ft*> into dome space volumes of 35,000 to 85,000 ft3. Air is assumed
to vent during the release process so the pressure is at 1 atm at the time of
ignition. Both the best estimate and conservative gas compositions are used
in the burn pressure calculations and the results are shown in Figures 8-1 and
8-2. The dome sizes used for these parametric cases are selected to
correspond to the tanks included in this assessment. Free volume for the
different tanks is noted on the figures. The transition from completely mixed
to plume burn calculations is also noted on the figures. Peak slurry gas burn
pressures are summarized in Table 8-1.

Table 8-1. Slurry Gas Burn Pressures.

Tank . Free volume, ft3 | Best Sz?;mate, bgﬁ:;?;;?tgz?g
103-SY 87,609 5 7
101-AW ' 37,634 12 17
103-AN 61,100 10 14
104-AN 46,010 20 28
105-AN 37,360 13 7 17
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Slurry Gas Burn Pressures for Best Estimate Cases.

Figure 8-1.
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Slurry Gas Burn Pressures for Conservative Cases.

Figure 8-2.
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The structural capability of this set of tanks was evaluated in Julyk
(1994), and the assessment is included as Appendix D. This assessment .
concludes that the existing analyses determining the pressure capability of

tank 101-SY are directly applicable to tanks AN-101, AN-103, -104, and -105.

A similar determination had previously been made for 103-SY (Fox et al. 1993).

A1l of these tanks are of similar structural design to the extent that the

101-SY pressure capability can be considered as a lower bound to the pressure

capability of AW-101, AN-103, -104, and -105. These tanks all share the same

Timiting local discontinuity, a 4-in. riser penetrating the 3/8 in. to 1/2 in.

plate thickness transition in the dome liner. The stress analysis results are

summarized in Figure 8-3 in Julyk (1992, as presented in Simpson et al.

[1993], Appendix 5C). Figure 8-3 indicates that initial cracking at the 4-in.

riser discontinuity is predicted at 66 psig. If the local ductility is taken

as one-half the base metal strain limit (a typical American Society of

Mechanical Engineers allowance for less ductile weld metal) cracking.is

calculated at 60 psig. At these pressure levels, large margins to failure

remain at the other discontinuities. Based on this analysis, loss of tank

integrity is not predicted below at least 60 psig, static pressure.

Effects of dynamic pressure loads on the static pressure limits developed
on Figure 8-3 have been considered by C. J. Moore and are provided as
Appendix E of this report. For slurry gas volumes in the range applicable to
this set of tanks, and burn times of 0.01 and 1 second, the ratio of static
- failure pressure to peak burn pressure was found to range from 0.97 to 1.13.
For conservatism, 0.9 is used in this report. Thus, the tank failure pressure
becomes approximately 55 psig when the dynamic loading correction is applied
to the 60 psig limit discussed earlier. -

8.2 RADIOLOGICAL SOURCE TERMS

The generation and release of radioactive aerosols for the postulated
burn cases were calculated with the methods used for tank 101-SY
(McCormack 1992, as presented in Simpson et al. 1993). Two burns in the tank
dome space were considered, the best estimate case and the conservative
bounding case. The aerosol release has been estimated as the sum of two types
of release called "thermal” and "mechanical." The thermal release results
from heated crust which undergoes chemical reactions and generates combustion
product gases and water vapor which become saturated with crust isotopes. The
mechanical release sources include resuspension from tank surfaces, crust
depressurization, and aerodynamic entrainment from heated crust. The results
of the thermal release will be discussed first.

8.2.1 Thermal Release

The method used to determine the thermal release as a function of the
crust temperature is to assume that the gases are saturated with the isotope
compounds of interest contained in the crust. That is, the gas and vapor
leaving the heated crust contain volume fractions of volatile isotopic
compounds in accordance with their vapor pressures at crust temperatures. The
quantity of released material can then be summed for the affected mass and
temperature zones in the heated crust to find the total release to the tank .
head space. The details of the calculations are given in Appendix C.
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Transient maximum crust temperatures resulting from the plume burn are

shown in Table 8-2.

The crust surface was divided into l1-m-wide radial nodes

radiating outward from the vertical centerline of the flammable gas plume,
The mass at risk is the mass of crust that becomes dried out as a result of

the flammable gas burn.

It represents the mass of crust heated to the point

where the temperature reaches 266 °F (130 °C), the boiling point of a

saturated solution of sodium nitrate in water.
calculate the volume of water generated in each depth increment.

The mass at risk is used to

That volume

js assumed to become saturated with the volatile fission product vapor at the
The mass at risk will also be used later to

corresponding crust temperature.
estimate the "mechanical" release.

The volume of the gaseous combustion

products would also normally be assumed to become saturated in the volatile

fission product vapor.

For these cases, the gaseous reaction product volume

is negligible compared to the water vapor volume, as shown in Appendix C.

Table 8-2. Maximum Crust Temperatures.
Distance from Best estimate case Conservative bounding
centerline
(m) Temperature | Mass at risk Tem%ﬁn%ture Mass at risk
(°F) (kg) (kg)
0.5 671 10.1 1860 22.1
1.5 606 27.3 1342 61.6
- 2.5 514 36.6 982 65.0
3.5 429 35.7 762 75.4
4.5 369 32.3 569 66.5
5.5 323 21.7 455 65.8
6.5 289 9.5 385 77.8
7.5 263 0 338 40.5
8.5 243 304 18.4
9.5 227 279 7.0
10.5 214 259 0

. 8.2.2 Mechanical Release

The mechanical release fraction was determined by multiplying the mass at
risk by the same re1e§§e fractions used in evaluating the tank 101-SY

2,500 ft3 and 4,000 ft
Simpson et al. 1993).
risk, are shown in Table 8-3.

hydrogen burns (McCormack 1993, as presented in
The release fractions used, along with the mass at
The mass at risk is the mass of crust dried out
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by the plume burn (Table 8-2). The crust resuspension release fractions are
based on work reported in Fox et al., Section 7.0 (1990). Two components are
involved. One is based on resuspension of dried PuNO; particulates into a
moving air stream. Mishima et al. (1968) determined a release fraction of
3E-4 for that process. A second component of the crust resuspension results
from dome depressurization as the burn overpressure blows down to the
atmosphere. Expansion of the gas forced into crust surface interstices could
be expected to levitate particulates when it re-expands. This effect was
estimated by the use of tests conducted by Ballinger et al. (1987) that
measured resuspension of depleted uranium dioxide powder. Millisecond
depressurizations of containers of the powder from test pressures of 9 to

25 1b/ft° resulted in resuspension factors that averaged 5E-4. The rapidly
dried crust in the postulated burn is expected to be somewhat cohesive in
contrast to the loose particles in the test, and therefore use of this release
factor is considered conservative. The foregoing two. release factors have
been combined and rounded upward to 1E-03.

Table 8-3. Mechanical Release Components.

Burn case
Release mechanism -
_ Best estimate Conservative bound
Crust resuspension 1E-3 1E-3
Dried crust mass : 173.2 kg 500 kg
Crust aerosol 173.2 g 500 g
Resuspension from tank surface 10 g 100 g
Total aerosol generated 183.2 g 600 g

An additional mechanical release term in Fox et al. (1990) was used to
account for the dust formation expected from the rapid expansion and
contraction of the tank dome by the pressure transient. Significant plastic
deformation of the ductile steel could.occur as limit pressures are reached
(Julyk 1992). Consistent with the earlier work (Fox et al. 1990,

Sections 7.2.1 and 7.1.1.3), it was assumed that the equivalent of 100 g of
crust would be released from the tank dome surfaces for the conservative case
and 10 g for the best estimate case. These mechanical release quantities are
summarized in Table 8-3. The dried crust mass is from the spreadsheet in
Appendix C and the crust aerosol generated is obtained from the resuspension
factor. _

The source terms for the two burn cases are given in Tables 8-4 and 8-5
for the best estimate and conservative bounding cases, respectively. Crust
concentration of radionuclides was developed in Section 3.0.
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8.2.3 Isotopic Releases from the Primary Exhaust System

Tank pressurization in excess of 1 or 2 psig is expected to cause rupture .
of HEPA filters in the tank ventilation system. Consistent with prior dose
assessments, it is assumed that 10% of the radioactive inventory in the
exhaust system will become suspended in the tank blowdown gases and be
released to the environs as respirable particulate material. Dose rate survey
measurements made on the external surfaces of the ducts, in-line demister, and
HEPA filter housings served as a basis for estimating the contained inventory
(Himes 1992, as presented in Simpson et al. (1993), Appendix B). This
information was converted to a source term that assumed that the exhaust
accumulation had the same isotopic composition as the tank surface crust.

With the 10% release assumption, the source term contribution from the
ventilation system is shown in Table 8-6.

8.3 RADIOLOGICAL DOSE CONSEQUENCES

8.3.1 Results

The radiological dose consequences are given in Tables 8-7, 8-8, and 8-9
for the ventilation system release, the best estimate, and conservative
flammable gas burns, respectively. The latter two tables include the
contribution from ventilation system failure. The results were obtained with
" the GENII code (Napier et al. 1988) using dispersion factors generated by the
GXQ code (Hey 1993). This results in the use of 99.5 percentile worst case
meteorology onsite and 95 percentile offsite. The 100-m location is the
current standard for the onsite receptor. The worst case offsite receptor is
at the site boundary 15.9 km east of the AN tank farm.

Table 8-4. Source Term ~ Best Estimate.
Mechanical release
Crust 12$22:l (4Ci) Total
Isotope concentration ci release
(uCi/q) (uCi) Crust Surface (4Ci)
release deposits
Sr-90 41 7.1x10° 4.1x10° 7.5x10°
Tc-99 0.36 1.5x10° 6.2x10" 3.6 1.6x10°
I-129 <0.35 2.3x1073 6.1x10" 3.5 6.5x10"
Cs-137 1200 1.5x10° 2.1x10° 1.2x10* 3.7x10°
Np-137 <0.61 1.1x10° 6.1 1.2x10°
Pu-239 0.093 1.6x10" 0.9 1.7x10"
Am-241 1.4 2.4x10% 1.4x10° 2.5x10°
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Table 8-5. Source Term - Conservative.

Crust Thermal | Mechanical release (uCi) Total
Isotope | concentration re]egse release

(£Ci/qg) (uCi) Crust Surface (uCi)

release deposits

Sr-90 41 2.1x10% 4.1x10° 2.5x10
Tc-99 0.36 4.8x10% 1.8x102 3.6x10’ 4.8x10°
I-129 <0.35 1.7x107! 1.8x10% 3.5x10’ 2.2x102
Cs-137 1200 6.1x10° 6.0x10° 1.2x10° 6.8x10°
Np-137 <0.61 3.0x10% 6.1x10° 3.6x102
Pu-239 0.093 4.7x10’ 9.3 5.6x10°
Am-241 1.4 7.0x10° 1.4x102 8.4x10°

‘Table 8-6. Isotopic Réleases from the Primary
Exhaust System Inventory.

Isotope Release (Ci)
Sr-90 1.2x107°
Tc-99 1.3x107
1-129 1.0x10™*
Cs-137 1.5x107"
Np-237 1.8x10™
Pu-239 6.1x107°
Am-241 5.8x107°

The ingestion pathway receptor in this case is also Tocated at the east
site boundary. The difference between the site boundary dose and ingestion
pathway receptor dose is due to ingestion of food produced on contaminated
land. Contaminated land could be taken out of production and this dose would
not occur. The current version of WHC-CM-4-46 (WHC 1993) requires evaluation
of ingestion dose as a measure of severity of ground contamination. The
ground contamination risk is considered acceptable if potential ingestion
doses are not large enough to require interdiction of food supplies or
impoundment of land. That limit is taken as an ingestion dose of

500 millirem; the maximum ingestion pathway dose as shown in Table 8-8 is well
below that limit.
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The dose consequences reported in Tables 8-7 through 8-9 are based on a
ground level release. Actually, the exhaust fan is equipped with a 5-m-high
stack. In addition, blowdown of overpressure from a flammable gas burn in the
tank would result in exit velocities that add to the effective stack height.
An elevated release would reduce the onsite doses.

Table 8-7. Ventilation System Releases Dose Consequences.
Dose (rem)
Receptor —
- EDE Limiting organ
100 m 1.7 3.5x10'
Site boundary 7.2x107 1.5x1072
Ingestion pathway 1.6x1072 5.7x10°2

EDE = effective dose equivalent.

Table 8-8. Best Estimate Flammable Gas Burn Radiological Dose Consequences.

Dose (rem)
Receptor T
EDE Limiting organ
100 m 4.1 8.0x10'
Site boundary 1.7x1073 3.4x107%
Ingestion pathway 5.1x10°2 1.3x10°"

EDE = effective dose equivalent.

Table 8-9. Bounding Conservative Flammable Gas Burn Radiological
Dose Consequences.
: Dose (rem)
Receptor —

EDE Limiting organ

100 m 1.1x10 1.8x10°

Site boundary 4.7x10° 7.5x107

Ingestion pathway 6.2x10™" 8.0x10”"

EDE = effective dose equivalent.
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8.3.2 Compliance with Risk Acceptance Guidelines

’ Radiological risk acceptance guidelines have been reproduced from
WHC-CM-4-46 in Table 8-10. The consequence tables show that the organ dose
(bone surface) is the limiting dose. For both the reference case and the
bounding case, all onsite and offsite doses meet the limits for an Anticipated
Event. Because the likelihood of a flammable gas burn is below that of an
Extremely Unlikely Event, as shown in the next section, the risk acceptance
guidelines are met with margin.

Table 8-10. Radio1ogica] Risk Acceptance Guideline.*

. ] . Organ dose Organ dose
Probability Nog}nglncg?ge Efge5§;:$eggse equivalent for|equivalent for
category robabilit q(rém) lens of eye all other
: P : Y - (rem) organs (rem)
Offsite guidelines
Anticipated 1 to 1072 0.01 - 0.5 0.03 - 1.5 0.1 -5
Unlikely 102 to 107 0.5 - 4 1.5 - 12 5 - 40
5;‘}:&2‘?}3’ 10 to 107 4-25 12 - 75 40 - 250
Onsite guidelines
Anticipated 0.1 to 1072 1-5 3-15 10 - 50
Unlikely 107 to 107* 5 - 25 15 - 75 50 - 250
Eﬁfﬁ’;‘?y’ 107 to 10°¢ 25 - 100 75 - 300 250 - 1000

*Reproduced from guidelines in WHC-CM-4-46 (WHC 1993).

8.4 OPERATIONAL RISK ASSESSMENT

8.4.1 In-Tank Ignition Sources

Burn Tlikelihood depends on the simultaneous occurrence of a flammable gas
mixture and an energy source capable of igniting it. The occurrence of a gas
release and spark as separate and independent events will be discussed first,
and then prospects for their occurrence as dependent events will be
considered.

The mixing studies reported in Section 5.0 indicate that for this group
of tanks, gas concentrations above the LFL at any location in the tanks would
not exceed 112 minutes per GRE. This value is based on an LFL of 4%. If the
LFL were taken at 5.6%, corresponding to the H,-NH; mixture assumed, the time
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at risk would be far less, and in essentially all cases the amount of
flammable gas would be less than 1 m’. GREs in these tanks have averaged one
burp per year over the past 8 years (Appendix G). Assuming an exposure time -
of 200 minutes per year to provide margin, the time at risk is

200/60 x 24 x 365 = 3.8E-4 yr/yr per tank.

In order to combine the foregoing exposure time with ignition frequency
to obtain fire frequency or likelihood, the occurrence of a capable ignition
source must, of course, be a random, independent event. Spark frequency as a
result of in-tank instrument failure has been investigated by Powers and
Morales (1994). The FIC waste level gauge was the only instrument in this
group of tanks identified as having a finite unsafe potential failure
frequency. However, Scaief (1994) concluded that failure probability leading
to an in-tank spark is well below 1E-6 per year. A mechanism was postulated
for a higher failure frequency within the electronics enclosure, but that
location is external to the tank and separated from any flammable vapor.

No other credible in-vessel spark source arising from normal operations
has been identified. The TV camera lights have been considered but were
eliminated on the basis of explosion-proof design (Scaief 1994). Thus,
ignition likelihood from in-tank equipment is less than the credibility
threshold of 1E-6 events per year. Potential ignition sources external to the
tanks such as instrumentation and ventilation fans are not considered since
the flammable gas concentration would remain below the horizontal and downward
flame propagation flammability 1imit as shown in Section 5.0 of this report.

8.4.2 Earthquakes as an Ignition Source

Earthquakes have been considered as potential generators of sparks from
impact of loose parts (failed components) with the tank wall. For these
tanks, the component of concern has been the thermocouple trees. Based on a
stress analysis it has been concluded that the thermocouple trees are unlikely
to fail; no other potential component failures have been identified. The
performance of the thermocouple tree in tank 107-AN under seismic loads has
been evaluated (Julyk 1994). The thermocouple tree is made of 2 in.

Schedule 40 carbon steel pipe and is 55 ft long. The thermocouple tree is
mounted in a 4-in. riser and extends to 12-in. from the bottom primary steel
liner of the tank. It is typical of the thermocouple trees used in the other
DSTs. The 107-AN thermocouple tree is located 20 ft from the tank center and
at an angle of 150° from the north-south centerline. The loads of interest
for the earthquake evaluation are seismic ground loads and Tiquid sloshing.
The liquid waste fluid was considered a homogenous mixture with a viscosity of
30 cp and specific gravity of 1.4. A mixing pump was assumed to convert the
6.5 ft of sludge and 26 ft of liquid in the tank into a homogeneous fluid.
Maximum stress occurred at the upper end of_the thermocouple tree and
consisted of a stress value of 5,254 1bf/in? resulting from the seismic load
task and 23,701 1bf/in® from the liquid sloshing load for a total of

28,955 1bf/in%. The allowable bending stress for this loading is

30,800 1bf/in2. Thus, the instrument tree would not fail and is expected to
remain below the elastic limit. '

8-12




WHC-SD-WM-SAR-064, Rev. 0

The foregoing Toads are based on an earthquake with a peak ground

- acceleration of 0.2 g. The mean return period for exceeding that peak

acceleration is 6,740 years for 200 East Area and 5,850 years for 200 West
(Tallman 1989). Thus, the maximum annual frequency is 1.7E-4 for the design
basis earthquake. It is expected that applying the foregoing analysis to the
DSTs in this group is conservative because of the restraint provided by the
sludge in the bottom of the tank. The nonconvective layer thicknesses range
from about 1/3 of the waste depth in tank 101-AW to about 1/2 in tank 103-SY,
with the other tanks someplace in between.

Rheological data are available from tank 103-SY (Fow et al. 1986),
although some dilution of the waste has occurred since those samples were
obtained (see Section 3.0). The waste material from the lower parts of the
waste tanks is known to be very viscous at room temperature from core sample
appearance. Measurements on tank 103-SY showed apparent viscosities of 140 to
130 cp at a shear rate of 50 to 300/s for the tank middle composite samples,
and 1,150 to 80 cp over the same shear rates for the bottom composite sample,
both at 45 °C. (The bottom sample exhibited thixotropic behavior.) The
convective layer in tank 101-SY was reported in Herting et al. (1992) as
having viscosity of 30 cp at 50 °C. The increased viscosity in the bottom
should dampen vibration and swinging motion of the thermocouple tree.

No other failures leading to spark generation have been identified for

- these tanks. The other major head-mounted component not currently in the

tanks, but scheduled to be installed later, is the TV camera and light
assembly. The design of the assembly was found to meet seismic design
requirements for a 0.33 g peak ground acceléeration (Jones 1994).

If a seismic failure was postulated even though the design is qualified,
the occurrence of a fire is still extremely unlikely. Sloshing liquid could
wet the tank wall, and a gas release would have to occur at the instant the
object sparked, and at the exact location. The amount of gas at flammable
concentration levels is small, transient, and short-lived, as shown in
Section 5.0. The occurrence of a fire would require:

1. Earthquake exceeding design basis
Failure of a component.
Collision with a sparking surface

Sufficient velocity to cause a spark upon impact

w = & N
. * L) .

Presence of a flammable gas in sufficient amount to represent a
significant energy source : ‘

6. Spark and gas occur at the same location.
Only the probability of items 1 and 5 have been quantified; and if the

earthquake and burp are independent events, as they most likely are, fire
frequency is below 1 E-6/yr based on those two conditions alone.
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In order for a GRE to occur, a region of waste has to accumulate
sufficient gas to reach the neutral buoyancy condition plus overcome viscous .
and hydrodynamic restraints. It is unclear how transient seismic effects

would influence a rollover unless the waste region was about to rollover

anyway. However, even if a connection between seismic activity and a GRE is

assumed, assigning reasonable likelihoods to each of the remaining events in

the foregoing 1ist (e.g., 1 E-1) places a seismic-initiated flammable gas fire

below the credibility threshold.

8.4.3 Lightning as an Ignition Source

Lightning strike frequency is quoted at once per km?/year (9.3 E-8
per ftz/year) in Powers (1992). A DST occupies 5,000 ft° so that the
frequency per tank becomes 4.65 E-4 per year. The primary tank dome is
covered with heavily reinforced concrete with a minimum thickness of
1 ft 3 in. The primary tank is enclosed in a secondary tank constructed of
reinforced concrete covered with a steel liner that extends above the maximum
waste level. There is an 18 in. annulus between the primary and secondary
tank. This arrangement would appear to provide lightning protection for the
interior waste tank (Faraday cage).

Head-mounted components were given additional consideration since they
provide a potentially conductive pathway into the tank vapor space and waste.
It was found that the energy from a lightning strike on a riser containing a
component with one end immersed at least 1 m into the waste (e.g., an
instrument tree) would be dissipated to ground through the Targely ionic
waste, if not dissipated before reaching that point (Cowley and Stepnewski
1994). For the case of head-mounted components that represent an arc-gap
configuration by ending before entering the waste (e.g., gas sample probes)
sparking is theoretically possible but not likely in the DSTs. The potential
spark location would be at a riser cover if it is attached over a
nonconducting gasket. However, a lightning strike would be required on that
particular riser. Using the rule that a tall object will attract the
1ightning strike occurring in an area corresponding to a circle with radius
equal to the height of the obgect, and assuming a 4-ft riser height, the
target area is equal to 50 ft°. This smaller target area should reduce strike
frequency by about two orders of magnitude. On this basis, spark likelihood
inside the primary tank (but in an isolated location) is about_lO'5 per tank
per year, assuming two such risers per tank.

The possibility that a Tightning storm may influence the timing of
occurrence of a GRE has been raised in the past. The lightning storms were
associated with a frontal weather system and a falling barometer. It was
postulated that the reduced pressure would lead to a burp. However,
information from the Hanford Weather Department shows no correlation between
the onset of a GRE and occurrence of lightning. For the 8 year period (1986-
1993) thunder was recorded on 72 days. During the same 8 years, 48 GREs
occurred in the 6 double-shell watch 1ist tanks. None of the GREs started on
days when thunder was reported. The relevant data are given in Appendix G.

With flammable gas mixture present 3.8 E-4 yr/yr and spark frequency of :
1 E-5/yr, burn Tikelihood is well below the credibility threshold on a per .
tank basis.
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8.4.4 Flammable Gas Burn Likelihood

. Spark frequency is summarized in Table 8-11. Ignition frequencies for
the earthquake and 1ightning events were assumed to be the same as the annual
earthquake and lightning strike frequencies. It should be emphasized that
exceeding the design basis earthquake does not mean that a spark would occur,
and a Tightning strike does not ensure the generation of a spark in the vapor
space of these DSTs. ‘

Table 8-11. Ignition Frequency.

- Source Events/yr (per tank)
In-tank instrumentation <1 x 10°¢

Seismic <1.7 x 107

Lightning <4.7 x 107

Combining the length of time at risk with the most frequent ignition
source results in a burn frequency of (3.8E-4)(4.7E-4) = 1.8E-7 per
year per tank. With five tanks in this group, flammable gas burn frequency is
less than 1E-6/yr.
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DERIVATION OF THE THERMODYNAMIC RELATIONS
: AND SOLUTION PROCEDURE

Consider the tank dome region to be represented a volume of combustible
gas surrounded by air as shown by the diagram on the right. Variables are
defined as follows:

Ground Lavel i .
T = Temperature ul L:LJLJ :
V = Volume - :
. P = Pressure N P Eas T2\ pitmary
m= Mass f AIR PLUME % Zl,::
N = Moles of gas -« |F
h = Enthalpy (specific) : 2entt 1 reiniorces
u = Internal energy (specific) ‘e | R
Q = Heat addition ~H WASTE ;
V = Volume change rate, dV/dt | Bl seconter
C, = Specific heat at constant volume o I
¥y = Isentropic exponent =M e S
=C/C, T 7
t = Time.

Applying on energy balance to the system volume produces:

I dU = dQ - dW (A-1)
where:
U = System internal energy change
Q = Heat added to system
W = Work done by volume increase.

Individual terms for Equation 1 may be developed as follows:

du _ d(mu) -m ﬂ

dt dt dt
oq du dT (A-2)
dT dt
dT
=Mm -
& dt
L P_d_v. = Pv_.qi =m(h—u)_1_ av (A-3)
dt dt vdt V dt
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Substituting Equations A-2 and A-3 into A-1 and writing in terms of rates .
produces the temperature rate equation.

mC, T =0 -m(h-u) % (A-4)

- L _ (b

v |
o (A=)

But it is convenient to rewrite the enthalpy and internal energy term
using the definition of the isentropic exponent y.

h-u PV AT '
—_ == =(y-1T (A-6)
¢, ¢ C,

This allows Equation A-5 to be rewritten as:

Q
mC.T

\{

T v
—_ - - 1) -
T (v - 1) m (A-7)

The gas law may be used to solve for the re]at1onsh1p for pressure rate
change.

L L (A-8)
P T N v

Note that the pressure rate expression has been generalized to include a
term for molar changes during the combustion event. Frequently the moles of
product do not equal the moles of reactant. This term became necessary when
the release gas was found to include numerous fuel gases (i.e., H,, NH;, CH,
and C0).

Equations A-7 and A-8 represent the final forms to be used to solve for
both the plume and the surrounding air. These equations are for a uniform gas .
region. Q represents the heat addition from the burning plume and also the
heat loss by radiation and convection.
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Equations A-7 and A-8 are written for both regions within the dome as
. follows: (To simplify the derivation, make the following definitions.)

Q
mC,T (A-9)
y -1

i)
LR -
IR R
bL-fl

Vo = -V, (A-15)

Q=

x
[}

"J" and ";" represents the plume and surrounding air respectively. These
six equations may be combined and solved for the rate, V,.
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_q + N
_QA . ["]A (A-16)

Now, evaluate T and T using Equations A-10, A-12, and A-15. P/P may be
evaluated using e1ther Equat1on A-11 or A-13.

Predictor-Corrector Solution

The thermodynamic equations represented by A-10 through -16 are now
solved using a predictor-corrector technique. The time step At is defined
with the subscript 1, to represent the beginning where all quantities are
known, and 2, to represent the end where values must be ca]cu]ated The .
procedure for each region is as follows:

1. Guess V Q, and H, at the end of the step.
(Use vaiues from fhe previous step.)

2. Calculate V, = V, + 0.5 (V, + V,) At
=0 -H ¥
T: .2 sz
T, =T, + 0.5 (T, + T,) At.

3. Calculate a corrected value for V2 using Equation A-16 and also new
Q, and H,.

4. Repeat step 2 using these corrected values..

5. Step 3 and Step 2 are repeated again to improve accuracy.
6. Calculate PZ using Equétion A-11 and all updated values.
7. Calculate P, = P, + 0.5 (P, + P,) At.

This completes the calculations for this time step. The procedure now
sets the variables for the beginning of the next step equal to ending values
for the last time step. The procedure continues over the time period of
interest.
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Am-241 INVENTORY IN TANK 104-AN

The Am-241 level found in tank 101-SY crust provides about 10% of the
radiological dose consequences of a postulated flammable gas fire. The Am-241
level purported to be in tank 104-AN is about two orders of magnitude greater
than 101-SY crust inventory and, if true, this could significantly impact the
dose consequences. Investigations of the transfer records, however, suggest
that the high level is questionable. Material balances have been made on
103-AN and 104-AN to quantify the inventory discrepancy and to provide a
revised estimate of the 104-AN Am-241 content.

Tank 103-AN Am-241 Balance

Transfer records provided in Table B-1 (Wanner 1992) show that of the
289,000 gal of evaporator slurry (84-3 campaign) transferred to tank 104-AN,
193,000 gal were subsequently transferred to tank 103-AN in September 1984.
When 103-AN was sampled in December 1986, the surface level was almost
334.5 in. (Reynolds 1994), equivalent to approximately 924,000 gal. The
Am-241 concentration of the 84-3 campaign evaporator slurry is given in
Table B-2 (Wanner 1992) as 1.14 E4 uCi/L. The 103-AN core sampling, extending
from top to bottom, was composited to make a representative sample. The core
sample results showed an Am-241 content of 3.34 uCi/L. But if the 104-AN
inventory actually contained the reported concentration of Am-241, then -103-AN
should have 193,000 gal/924,000 gal (1.14E4) = 2.38E3 uCi/L, or about three
orders of magnitude more than found, even when a zero concentration of Am-241
is assumed for the remainder of the 103-AN contents.

Tank 104-AN Material Balance

For the hazard evaluation of tank 104-AN, in the absence of actual sample
data, the high Am-241 concentration in the 84-3 campaign slurry was assumed to
be correct, and an average Am-241 concentration was calculated for the current
tank contents. The mass balance, based on Table B-1, is as follows:

1,110 gal - Am-241 content not available, used 103-AN as typical for
this group of tanks. (3.34 uCi/L)
1,069 gal transferred out
41 gal at 3.34 pCi/L remaining
289 gal at 1.14E4 uCi/L transferred in
330 gal mixed concentration = 1E4 uCi/L
193 gal transferred to 103-AN
137 gal remain at 1E4 uCi/L
910 gal sum of transfers to present time at 3.34 uCi/L
1,047 gal current inventory

5ol (1E8) + ToxY (3.34) = 1.31E3 4Ci/L
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For comparison, the Grout SAR (WHC 1992) used a mean value of 1.4 uCi/L for
Am-241, which is the mean concentration of double-shell slurry feed waste from

tanks 101-AN, 103-AN, and 106-AN.
SAR, increased over the mean to allow for uncertainties, is 3.6 uCi/L for

Am-241. The value we have used for 104-AN is approximately a factor of 400

greater.
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The bounding source term given in the grout

y for Tank 104-AN (Wanner 1992).

Dates

Table B-1. Fill histor

Transfers
(to/from)

Amount transferred
(gal.)

11/7/82 - 12/6/82

Evaporator slurry

1.11 million

recd.

recd. (83-1 campaign)
2/27/84 - 3/1/84 To 102-AZ 570K
3/1/84 - 3/6/84 To 105-AN 499K
3/9/84 - 3/14/84 Evaporator slurry 289K
recd. (84-5 campaign)
9/18/84 - 9/25/84 TO 103-AN 193K
9/26/84 - 9/30/84 Evaporator slurry 89K
. recd. (84-5 campaign)
10/13/84 - 10/22/84 Evaporator slurry 700K
recd. (84-5 campaign)
4/12/85 - 4/15/85 Evaporator siurry 121K
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. Table B-2. Chemical Composition of Evaporator Campaign
84-3 Sample (R9991) July 1984 (Wanner 1992).
Concentration (Mols/L as indicated
Component Supernatant Solids (wt.%)
A1*3 1.81
OH" 4.00
NO,” 1.87 35
N0, 2.72 29
€02 0.28 33
TOC (g/L) 3.83
s0, 0.016
PO, - 0.007
Cr*3 0.013 *
Fe*2:*3 | 0.0002 - ok
cs™ (uci/L) 6.24 x 10° ,,
sr? (uCi/L) 1.27 x 10° *
_ Pu (g/L) | 1.68 x 107 *
. - Am (uCi/L) 1.14 x 10* *
Sp. G. 1.464
Solids bulk density 1.76

(centrifuged solids)

*Not included in weight percent.
**Below detection limits.
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CALCULATiON OF THERMAL RELEASE COMPONENT
OF RADIOLOGICAL SOURCE TERM

The thermal release was calculated by the methods of McCormack (1992),
which assume the gases emanating from the crust heated by the plume burn are
saturated in the volatile radionuclides present in the crust. The gases
released from the heated crust consist of water vapor and gaseous product from
oxidation of organic carbon by nitrates. As it turned out, the volume of the
gaseous reaction products was small compared to the water vapor volume and was
therefore neglected.

The vapor pressure of the volatile radionuclides in the crust was based
on the data for CsI, KTcO,, and CsOH as developed in McCormack (1992). The
equations written for the vapor pressure plots provided in McCormack (1992)
are provided in the attached spreadsheets.

The spreadsheet shows the water vapor generated from each concentric

crust surface node, radiating outward from the plume -center line. The water

inventory is released from each ring, down to the depth at which the
calculated crust temperature falls below 266 °F (130 °C). The total amount of
water vapor from each set of vertical nodes is assumed to become saturated in
radionuclide vapor at the average temperature of the surface node. Actually
the arithmetic average of the vapor pressure at the temperature of the two
node faces was used. The water release from each node is shown on the
spreadsheet along with the temperature, partial pressure, and radionuclide
release for each node. The cesium vapor pressure calculation is corrected for
the ratio of Cs-137 to total cesium;-a value of 0.34 was used (Van Tuyl 1962).

Gaseous reaction products would serve to strip out volatile fission
products in the same manner as the water vapor. McCormack (1992) estimated
the production of 2.8 L of gas per gram of total organic carbon, or 0.053 L/g
(5.3E-5»m3/g) of reacted crust. The mass of reacted crust was 399 g and
11,148 g respectively for the best estimate and conservative cases. The
spreadsheet shows the release of 17.32 kg water (21.6 m?), and 50 kg water
(62.3 m°) for the best estimate and conservative ca es, respect;vely. The
volume of gaseous reaction products would be 0.02 m” and 0.59 m’,
respectively, for the best estimate and conservative cases. The corresponding
water vapor to reaction products ratios are 21.6/0.02 = 1080 and :
62.3/0.59 = 105.6. Since the gaseous reaction products are less than 1% of
the vapor released, they are neglected in the volatile nuclide stripping
calculation.

In calculating the release of Cs-137, a cutoff temperature of 700 °F was
used, the melting point of sodium nitrate. When the crust mixture reaches the.
melting point, the vapor stripping mechanism assumed in this analysis would no
longer be applicable. The cesium compounds would dissolve in the mixture of
sodium salts and the partial pressure of cesium salts should then follow
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Raoult's law. The mole fractions of the nitrates, aluminates, and hydroxides
in the crust will dominate the solution, and the mole fraction of CsOH will be
very small, resulting in a negligible partial pressure of CsOH. Thus, after
reaching 700 °F, no more CsOH is assumed to come off. The limit temperature
of 700 °F is the melting point of the highest melting major constituent in the
crust. In reality, the mixture would very likely melt at a lower temperature
owing to eutectic formation.

References

McCormack, J. D., 1992, "Estimated Aerosol Release from Tank 101-SY
Hydrogen Burn," as presented in Simpson et al. 1993, Westinghouse
Hanford Company, Richland, Washington.

Van Tuyl, H. H., 1962, Fission Product Generation and Decay Calibrations,
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ESTIMATE RADIOACTIVE RELEASES FROM HEATED CRUST
First, develop curve fit for vapor pressures

.og V=A10"4/T+B OR V=10"B 10~ (A 10~ 4/T)

' ki Point 1 Jededede dededr PO'nt 2 whdd
Isotope LogV 1074/T LogV 107 4/T A B 10~B
Csl -16.7 25 2.2 4 -0.90000 5.80000 86.31E+05
CsOH -12.5 25 22 4  -0.70000 5.00000 1.00E+05
KTcO4 -10.2 25 22 4  -0.59048 456190 3.65E+04
Check curve fits
Rk d Log V' atm ti 22 21
10~ 4/T Csl CsOH KTcO4
4 22 22 22
18 -7.70 -5.50 -4.30
25 -16.7 -12.5 -10.2
kb hr FhkhkrkhkdAhk CRUST MASS TO NEXT NODE' kg Ve dededrde g dedede
Distance DEPTH IN CRUST., in, Density = 1800 kg/m~3
m 0.00 0.005 0.01 0.03 0.05 0.07 0.09
0.5 0.60 0.60 2.39 2.39 2.39 1.69
1.5 1.80 1.80 7.18 7.18 7.18 2.18
25 2.99 2.99 11.97 11.97 6.65
3.5 4.19 4.19 16.76 10.61
45 5.39 5.39 21.58
55 6.58 6.58 - 8.56
. 6.5 7.78 1.67
7.5
8.5
9.5
10.5
BEST ESTIMATE CONDITIONS
dRhhkhARbeRE Rbkhhriid MAXIMUM CRUST TEMPERATUHE‘ DEG F el
Distance DEPTH IN CRUST, IN
m 0.00 0.005 " 0.01 0.03 0.05 0.07 0.09
0.5 671 583 519 367 308 283 259
1.5 606 530 472 344 295 273 250
2.5 514 452 407 313 276 258
3.5 429 383 351 285 255
4.5 369 335 311 260
5.5 323 298 279 239
8.5 289 269 255
7.5 263
8.5 243
9.5 227
10.5 214

C-3

TOTAL
WATER

kg

1.01
2.73
3.66
3.57
3.23
2.17
0.88
0.00
0.00
0.00
0.00




BEST ESTIMATE CONDITIONS
*aRAARAAAR Akkrskrrdr VAPOR PRESSURE OR VOLUME FRACTION
DEPTH IN CRUST,

Distance
m

0.5
1.5
25
3.5
45
5.5
6.5
7.5
8.5
9.5
10.5

0.00
2.995E-09
4.009E-10
1.471E-11
3.778E-13
1.813E-14
1.288E-15
1.483E-16
2.474E-17

5.7E-18
1.657E-18
5.813E-19

0.005
1.85E-10
2.73E-11
1.08E-12
3.83E-14
2.65E-15
2.68E-16
3.78E-17

BEST ESTIMATE CONDITIONS

RERREERARE REARRAAAEN

Distance
m

0.5
1.5
2.5
3.5
4.5
5.5
6.5
7.5
8.5
9.5
10.5

0.00
7.235E-07
1.514E-07
1.158E-08
6.711E-10
6.324E-11
8.092E-12
1.505E-12
3.738E-13
1.183E-13
4.564E-14
2.021E-14

0.005
8.31E-08
1.87E-08
1.53E-09
1.13E-10
1.42E-11
2.38E-12

5.2E-13

BEST ESTIMATE CONDITIONS

RhkAdhhhhhh RikkhdkiRid

Distance
m

0.5
1.5
25
3.5
4.5
5.5
6.5
7.5
8.5
9.5
10.5

0.00
1.46E-05
3.902E-06
4.462E-07
4.038E-08
5.506E-09
9.72E-10
2.352E-10
7.264E-11
2.773E-11
1.233E-11
6.2E-12

0.005
2.35e-06
6.7E-07
8.09E-08
8.99E-09
1.56E-09
3.47E-10
9.6E-11
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Csi

0.01
1.789E-11
2.618E-12
1.303E-13
6.678E-15
6.142E-16
7.558E-17
1.388E-17

CsOH

0.03
1.626E-14
4.475E-15
6.961E-16
1.135E-16
1.995E-17
4.208E-18

T cutoff=
0.05
5.085E-16
2.203E-16
6.154E-17
1.389E-17

hkRhkARAerR

700 degF
0.07 0.09
9.92E-17
5E-17
1.73E-17

VAPOR PRESSURE OR VOLUME FRACTION
DEPTH IN CRUST,

0.01
1.348E-08
3.025E-09
2.932E-10
2.908E-11
4.546E-12
8.911E-13
2.386E-13

KTcO4

0.03
5.81E-11
2.13e-11
5.01E-12

1.222€-12
3.162E-13
8.424E-14

T cutoff=
0.05
3.924E-12
2.048E-12
7.593E-13
2.386E-13

700

0.07
1.1E-12
6.46E-13
2.83E-13

VAPOR PRESSURE OR VOLUME FRACTION.
DEPTH IN CRUST,

0.01
5.073E-07
1.438E-07
2.008E-08

2.86E-09
5.976E-10
1.512E-10
4.974E-11

0.03
5.127E-09
2.199E-09
6.487E-10
1.974E-10
6.308E-11
2.272E-11

T cutoff=
0.05
5.279E-10
3.05E-10
1.321E-10
4.974E-11

700
0.07
1.81E-10
1.15E-10
5.74E-11

khkhhhkhihd

deg F
0.09

dRkAdkd kiR

deg F
0.09
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VAPOR PROPERTIES
‘ MOLECULE SPECIFIC ISOTOPE  RADIO- COMPOUND
SOTOPE WEIGHT VOLUME ACTIVITY ACTIVE  ACTIVITY
m~3/kg microCi/kg FRACTION microCi/kg

" H20 18 1.2457 0 . 0

Csl 260 0.0862 1.80E+05 1.000 8.79E+04

CsOH 151 0.1485 8.70E+10 0.340 2.61E+10

KTcO4 202.1 0.1109 1.70E+07 1.000 8.33E+06

BEST ESTIMATE CONDITIONS ' .
deRkhkkdhidk dfddfddeihh ISOTOPES RELEASED W!TH WATER VAPOR Fkdhkdedokd dedkdeddrdddddhi
Distance Jrde e do dede e dede e CS’ e e dedodededodededed e . Rededdrdrd i CSOH e o dedr dede e de ok e ********‘*'k KTCO4 hhkdkdkkdhhl
m m~3 kg microCi m~3 kg microCi m~3 kg microCi

05 1.99E-09 231E-08 2.03E-03 5.06E-07 3.41E-06 8.87E+04 1.06E-05 9.58E-05 7.98E+02
1.5 7.28E-10 8.45E-09 7.43E-04 289E-07 1.95E-06 5.08E+04 7.78E-06 7.01E-05 5.84E+02
25 3.60E-11 4.17E-10 3.67E-05 2.99E-08 2.01E-07 5.24E+03 1.20E-06 1.08E-05 9.01E+01
3.5 926E-13 1.07E-11 9.44E-07 1.75E-089 1.18E-08 3.06E+02 1.10E-07 9.91E-07 8.25E+00
45 4.18E-14 4.85E-13 4.26E-08 1.56E-10 1.05E-09 2.73E+01 1.42E-08 1.28E-07 1.07E+00
55 211E-15 2.44E-14  2.15E-09  1.42E-11 9.55E-11 2.49E+00 1.78E-09 1.61E-08 1.34E-01
6.5 1.10E-16 1.27E-15 1.12E-10 1.19E-12 8.03E-12 2.09E-01 1.95E-10 1.76E-09 1.46E-02
7.5 O0.00E+00 0.00E+00 0.00E+00 O0.00E+00 O0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00
8.5 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
9.5 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00
10.5 0.00E+00 -0.00E+00 0.00E+00 0.00E+00 - 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00

. SUM 3.20E-08 2.81£-03 5.57E-06 1.45E+05 1.78E-04 1.48E+03
FRERIAAAAR HhARRNAARE CESIUM RADIOACTIVITY AVAILABLE, microCi A
Distance DEPTH IN CRUST,in, = Activity = . 1200 microCi/g
m 0.00 0.005 . 0.01 0.03 0.05 0.07 0.09

05 7.18E+05 7.18E+05 2.87E+06 287E+06 287E+06 2.03E+06
1.5 2.15E+06 2.15E+06 B8.62E+06 8.62E+06 8.62E+06 2.62E+06
2.5 3.59E+06 3.59E+06 1.44E+07 1.44E+07 7.98E+06
3.5 5.03E+06 5.03E+06 2.01E+07 1.27E+07
45 646E+06 6.46E+06 2.59E+07
5.5 790E+06 7.90E+06 1.03E+07
6.5 9.34E+06 2.00E+06
7.5 0.C0E+00
8.5 0.00E+00
9.5 0.00E+00
10.5 0.00E+00
SUM 3.52E+07 2.79E+07 B8.21E+07 3.86E+07 1.95E+07 4.84E+06 0.00E+00
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CONSERVATIVE CASE
L2 222222223
Distance
m 0.00
0.5 1860
15 1342
25 082
3.5 762
4.5 569
55 455
6.5 385
7.5 338
8.5 304
9.5 279
10.5 259
CONSERVATIVE CASE
WeRdededrdeded
Distance
m : 0.00
0.5 0.60
1.5 1.80
2.5 2.99
3.5 4.19
45 5.39
5.5 6.58
6.5 7.78
7.5 8.98
8.5 10.17
9.5 7.04
10.5
CONSERVATIVE CASE
R ANRRENEN
Distance
m 0.00
0.5 6.83E-09
1.5 6.83E-09
2.5 6.83E-09
3.5 6.83E-09
45 1.14E-10
5.5 1.24E-12
6.5 4.25E-14
7.5 3.16E-15
8.5 3.94E-16
9.5 7.56E-17
10.5 1.86E-17

WHC-SD-WM-SAR-064, Rev. 0

*axeRrarr MAXIMUM CRUST TEMPERATURE, DEG F

0.005
1711
1264

838
654
508
400
346
308
279
258

DEPTH IN CRUST, iN

0.01 0.05

1535 656

1185 534
729 354
567 307
449 278
363 254
319 235
287 220
263

0.09
395
339
280
257
237

sxwawwras CRUST MASS TO NEXT NODE, kg

0.005
0.60
1.80
2.99
4.19
5.39
6.58
7.78
8.98
8.26

DEPTH IN CRUST,in,

0.01 0.05
4.79 4.79

14.36 14.36

23.94 23.94

33.51 33.51

43.09 12.61

52.67

62.24

22.51

Density =
0.09
4.79
14.36
11.17

0.13
306
282
250

1500
0.13
4.79

14.36

*akkrkerr VAPOR PRESSURE OR VOLUME FRACTION

0.005
6.83E-09
6.83E-09
6.83E-09
1.81E-09
1.16E-11
9.18E-14
5.02E-15
5.08E-16
7.56E-17
1.73E-17

Cst
DEPTH IN CRUST,
0.0t 0.05

6.83E-09 1.92E-09
6.83E-09 3.18E-11
6.83E-09 7.91E-15
1.06E-10 477E-16
9.51E-13 7.06E-17
1.31E-14 1.29E-17
1.01E-15 3.09E-18
1.30E-16 9.47E-19
2.47E-17

T cutoff=
0.09
7.12E-14
3.35E-15
8.09E-17
1.61E-17
3.61E-18

700

0.13
4.48E-16
9.27E-17
9.62E-18

hhkhhkhhki

0.17
273
267

& e e de de e e de o

kg/m~3
0.17
1.76
0.55

kARRRERRR

degF
017

0.25
235
215

TOTAL
WATER
kg

2.21
6.16
6.50
7.54
6.65
6.58
7.78
4.08
1.84
0.70
0.00
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CONSERVATIVE CASE CsOH
*wxamennan wxxwress YAPOR PRESSURE OR VOLUME FRACTION  #wawwass

Distance DEPTH IN CRUST, T cutoff= 700 degF
. m 000  0.005 0.01 0.05 0.09 0.13 0.17

0.5 1.374E-06 1.37E-06 1.374E-06 5.125E-07 1.833E-10 3.56E-12
1.5 1.374E-06 1.37E-06 1.374E-06 2.108£-08 1.699E-11 1.04E-12
25 1.374E-06 1.37E-06 1.374E-06 3.318E-11 9.397E-13  1.79E-13
3.5 1374E-06 4.89E-07 5.386E-08 3.736E-12 2.672E-13
45 G5.69E-08 9.63E-09 1.376E-09 8.449E-13 8.366E-14
5,5 1.686E-08 2.23E-10 4.9E-11 2.254E-13
6.5 1.227e-10 2.33E-11 6.69E-12 7.422E-14
7.5 1.624E-11 3.82E-12 1.357E-12 2.955E-14
85 3.22E-12 8.91E-13 3.738E-13
95 8.911E-13 2.83E-13
105  2.99E-13

CONSERVATIVE CASE KTcO4
FhARARAERR Akakaarrx VAPOR PRESSURE OR VOLUME FRACTION iaabalobaiatalodd
Distance DEPTH IN CRUST, T cutoff= 700 degF
m 0.00 0.005 0.01 0.05 0.09 0.13° 0.17

05 251E-05 251E-05 251E-05 1.09E-05 1.35E-08 4.86E-10
15 251E-05 251E05 2.51E-05 7.40E-07 1.82E-08 1.73E-10
25 251E-05 251E-05 251E-05 3.20E-09 1.58E-10 3.91E-11
35 251E05 1.05E-05 1.63E-06 5.06E-10 5.47E-11
45 1,71E-06 3.82E-07 7.40E-08 1.45E-10  2.05E-11

. 55 8.83E-08 1.60E-08 4.44E-09 -4.74E-11
65 O63E-09 237E-09 8.28E-10  1.86E-11
75 175609 528E-10 2.16E-10  B.54E-12
85 447E-10 1.51E-10  7.26E-11
95 1.51E-10 5.74E-11-

10.5 6.02E-11
CONSERVATIVE CASE
e de e e e de e ke ok ****;***** lSOTOPES RELEASED WITH WATER VAPOR ddRkkAddr KAk hdARRkh Aok
Distance kkhhkdkhid Csl AR EkNIhAN ki kAR CSOH Rkl n e Je R e e de e de e oA KTCO4 s Fc P K e g d bR
- m m~3 kg microCi m~3 kg microCi m~3 kg microCi

0.5 1.88E-08 2.18E-07 1.92E-02 3.78E-06 2.55E-05 6.64E+05 6.91E-05 6.22E-04 5.18E+03
1.5 524E-08 6.08E-07 534E-02 1.05E-05 7.10E-05 1.85E+06 1.92E-04 1.73E-03 1.44E+04
25 5.53E-08 6.42E-07 564E-02 1.11E-05 7.49E-05 1.95E+06 2.03E-04 1.83E-03 1.52E+04
3.5 4.06E-08 4.71E-07 4.14E-02 8.75E-06 5.89E-05 1.54E+06 1.67E-04 1.51E-03 1.25E+04
45  520E-10 6.03E-09 5.30E-04 275E-07 1.85E-06 4.83E+04 8.66E-06 7.80E-05 6.50E+02
55 548E-12 6.35E-11 5.59E-06 7.87E-09 5.30E-08 1.38E+03 4.27E-07 3.85E-06 3.21E+01
6.5 230E-13 267E-12 2.35E-07 7.07E-10 4.76E-09 1.24E+02 5.82E-08 5.24E-07 4.37E+00
7.5 9.24E-15 1.07E-13 9.42E-09  5.08E-11 3.42E-10 8.92E+00 5.74E-09 5.17E-08 - 4.31E-01
85 5039E-16 6.26E-15 5.50E-10 4.72E-12  3.18E-11 8.28E-01 6.86E-10 6.19E-09 5.15E-02
8.5 4.07E-17 4.72E-16  4.15E-11 5.15E-183  3.47E-12 9.03E-02 S.14E-11 8.24E-10 6.86E-03
10.5 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 O0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.0CE+00
. SUM 1.94E-06 1.71E-01 2.32E-04 6.05E+06 5.78E-03 4.81E+04
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CONSERVATIVE CASE

Distance
m

0.5

15

2.5
3.5
4.5

55

6.5

7.5

8.5

8.5
10.5

SUM

khhhkhhhiih

0.00
7.18E+-05
2.15e+06
3.59E+06
5.03E4-06
6.46E+06
7.90E+06
9.34E+06
1.08E+07
1.22E+07
8.45E+06

6.66E+07

*ehdRkhk iRk

0.005
7.18E+05
2.15E+06
3.58E+06
5.03E+06
6.46E+06
7.90E+06
8.34E+06
1.08E+07
8.91E+06

5.58E+07
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CESIUM RADIOACTIVITY AVAILABLE, microCi
DEPTH IN CRUST,in,

0.01
5.75E+06
1.72E+07

2.87E+07 .

4.02E+07
5.17E+07
6.32E+07
7.47E+07
2.70e+07

3.09E+08

0.05
5.75E+06
1.72E407
2.87E+07
4.02E+07
1.51E+07

1.07E+08

Activity = 1200 microCi/g

0.08 0.13 0.17
5.75E+06 5.75E+06 2.11E+06
1.72E+07 1.72E+07 6.60E+05
1.34E+07

3.64E+07 2.30E+07 2.77E+06

dhhkkdikikik
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APPENDIX D

PRESSURE CAPABILITY FOR DOUBLE-SHELL TANKS
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Westinghouse : Internal
Hanford Company Memo
From: Component Stress Analysis CSA:LJJ:ggb:94/2

Phone: 376-4608 H5-56

Date: March 21, 1994

Subject: APPLICABILITY OF EXISTING PRESSURE CAPABILITY ANALYSES FOR
D?gELE-SHELL TANK SY-101 TO DOUBLE-SHELL TANKS AW-101 AND AN-103,
-104, -10

To: Z00 Stepnewski ¢ He=62
P il
cc: D. L. Becker H5-57 K. V. Scott N H5-52
L. F. Dougherty  H4-63 J. B. TruitM H5-56
K. 0. Fein H4-63 R. J. Van Vieet H4-63
G. L._Fox L5-01 LJJ File/LB
0BJECTIVE

The objective of the work on which this memo reports was to determine
whether the existing analyses related to determining the internal pressure
capability of double-shell tank (DST) 241-SY-101 (SY-101) can be applied to
watch 1ist DSTs AW-101 and AN-103, -104, -105 to determine their

pressure capability. :

CONCLUSION

The existing analyses determining the pressure capability of SY-101 are
directly applicable to DSTs AW-101 and AN-103, -104, -105. Although there
are some differences among these DSTs tanks, the differences are generally
conservative relative to SY-101. That is, the SY-101 pressure capability
can be considered as a lower bound to the pressure capability of DSTs AW-101
and AN-103, -104, -105.

DISCUSSION

To determine whether the analyses of SY-101 pressure capability are
applicable to DSTs AW-101 and AN-103, -104, -105, we compared the geometric
design details, material specifications, and design load conditions.

Tables 1 and 2 summarize the tank design parameters. The tanks are
geometrically similar except for some structural details. The major
differences between SY-101 and the AW and AN tanks are that higher strength
steel is used in the AW and AN primary and secondary tanks, higher strength
concrete is specified for the AW and AN tanks, the AW and AN concrete
meridional reinforcement is greater at some locations, and the AW and AN
design temperatures are greater.

Hanford Operations and Engineering Contractor for the US Department of Energy
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GEOMETRY

Geometrically the AW, AN, and SY tanks are very similar in construction.
Tables 3 through 5 1ist the civil-structural drawings reviewed for tanks SY,
AW, and AN, respectively. Of particular interest is the presence of a 4-in.
Schedule 40 riser penetration (pump pit drain and supernatant return) in the
central pump pit of the SY-101 tank. This 4-in.-diameter riser penetrates
the primary steel tank at a 6-ft radius from the center of the dome
(H-2-37773) that also corresponds to the location of the %- to %-in.-
thickness transition in the dome of the primary steel tank. This geometric
configuration also appears in the AW (H-2-70395) and AN (H-2-71976) tanks.
The % to 4-in.-thickness transition in the dome of the primary tank in
combination with the 4-in. penetration has been predicted to be the location
that controls the internal pressure capability of the SY-101 tank

(Julyk, et al. 1991 and Julyk 1992).

CONCRETE

The concrete compressive strength specified (f'_ =5 kip/inz) for the AW and
AN tanks (although the AN as-built drawings H-2-71904 and H-2-71907 indicate
that the concrete compressive strength is equal to that of SY) is higher
than that specified (f'_ = 4.5 kip/inz) for SY (see Table 1). However, this
increased strength is not significant because the internal pressure
capability of the tanks is controlled by their capability to resist tensile
pressure-induced loads; this resistance capability is controlled by the
reinforcement in the concrete dome and the steel plate in the primary

tank dome.

CONCRETE REINFORCEMENT

There are some differences between the concrete reinforcing used in the AW
and AN tanks and that used in the SY-101 tank. As summarized in Table 1,
ASTM A615 Grade 60 rebar and ASTM A615 Grade 40 cross-ties are specified in
SY, AW, and AN tanks. The differences are in the size and distribution of
reinforcing bars used rather than in rebar material strength. To quantify
these differences for comparison to SY-101, we reviewed as-built drawings
and determined an equivalent rebar area ratio as defined by

Rebar equivalent

area ratio relative = (Arl oy o (200w . L35/ S]ajan

to SY tanks (A7) sy (Apng] sy (Ap/ 8] sy
where

A, = Anm

A, = cross sectional area of reinforcing bar

n, = total number of reinforcing bar in a given plane

27R/s for meridional bars

s center-to-center (CC) spacing between reinforcing bars
measured along circumference at radius R .
m = number of planes containing reinforcing bars at a given section.
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Tables 6 through 8 summarize the results for the concrete dome, cylindrical
concrete wall, and concrete foundation, respectively. Table 9 summarizes
the corresponding bar cross-section area for bar size designation number
(Nilson and Winter 1991).

In the concrete dome haunch region both AW and AN have greater (by

about 27%) meridional reinforcing than SY (see Table 6). The AW and AN
meridional and circumferential -reinforcing is identical to that in SY in all
other regions of the dome.

The AW meridional and circumferential reinforcing is identical to that of AN
in all regions of the cylindrical concrete wall. Generally, AW and AN
provide greater meridional (vertical) reinforcing in the wall than is
provided in SY with one exception (see Table 7). The exception is just
below the haunch at the 23- to 29-ft height region where the meridional
reinforcing is only 80%, approximately, of that in SY. The circumferential
reinforcing in the cylindrical concrete walls of AW and AN is identical to
that in SY.

The AW meridional and circumferential reinforcing is identical to that in SY
in all regions of the concrete foundation. However, there is greater
meridional (radial) reinforcing in the concrete foundation in the AN tanks
than in SY, as indicated in Table 8. The AN meridional and circumferential
reinforcing is identical to that in SY in all other regions of the

concrete foundation.

These differences in concrete reinforcing are not expected to significantly
affect the internal pressure capability of the AW and AN tanks because the
increased reinforcement does not occur in the region of the predicted
failure, i.e., at the %~ to 4-in.-thickness transition in the dome of the
primary tank in combination with the 4-in. penetration.

PRIMARY AND SECONDARY STEEL

Although the primary and secondary steel tanks for the SY, AW, and AN tanks
are essentially identical geometrically (except for location of some
penetrations), there are differences in the specified materials. In
addition, for the SY-101 tank, at the transition of the secondary steel
liner with the primary tank in the dome region, a circumferential

6- X 4- x %-in.-angle support is welded to the secondary liner and imbedded
in the dome concrete. This support configuration is not used in the AW

and AN tanks.

However, of particular interest is the higher strength (minimum specified
room temperature 50 kip/in® yield and 70 kip/in® ultimate tensile) for the
material (ASTM A537 Class 1) used in the construction of the AW and AN
primary and secondary steel tanks as_compared to the strength (minimum
specified room temperature 35 kip/in® yield and 65 kip/in®) of the material
(ASTM A516 Grade 65) used in the construction of the SY-101 tank (see

Table 1). This higher strength should result in a greater internal pressure
capability for the AW and AN tanks when compared to SY-101. This increase
in internal pressure capability may be offset by the potentially higher
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operating temperature of tanks AW and AN compared to that of SY (see

Table 2). The maximum temperature in the dome region of tank AW was
predicted to be 202 °F for a maximum 1iquid and sludge temperature of 350 °F
(ARH 1976 and RHO 1978).

In addition to strength, the ductility of the primary steel tank is also of
interest. Table 1 shows the room temperature minimum ductility, as measured
by total elongation (TE), to be comparable for these materials. Because
these material are similar low-carbon steels, their change in ductility with
temperature is expected to be similar also.

The toughness of a material is a measure of its ability to absorb energy in
the plastic range. One measure of toughness is taken as the total area
under the stress-strain curve, which may be approximated by

S, + S -
Up = Lt T

where S, S,, and TE is the yield strength, ultimate tensile strength and

total eﬁongation, respectively, as obtained in a standard tension test. :

This area is an indication of the amount of work per unit volume that can be - .
done on the material without causing it to rupture (Dieter 1976).

Table 10 summarizes strength (S, and S_), ductility (TE), and a toughness
ratio, as compared to SY-101 properties for a range of temperatures — roam
temperature to a maximum temperature of 700 °F. The temperature dependence
of TE is estimated from data obtained for A515 and A516, Grade 70 (NSMH),
normalized to the room temperature value. The results summarized in

Table 10 indicate that the AW and AN primary steel tank should exhibit a
greater internal pressure capability than that predicted for the

SY-101 tank. .
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Table 9.

 (Nilson and Winter 1991)
ASTM A615, A616, A617, and A706

Deformed Reinforcing Bars.

Nominal Dimensions

Bar Size .
Des1§2?t1on Diaélter Aéga g¥z7¥:3
(in.) (in?)

3 0.375 0.11 0.376
4 0.500 0.20 0.668
5 0.625 0.31 1.043
6 0.750 0.44 1.502
7 0.875 | 0.66 2.044
8 1.000 0.79 2.670
9 1.128 1.00 3.400
10 1.270 1.27 4.303
11 1.410 1.56 5.313
14 1.693 2.25 7.65
18 2.257 4.00 13.60

Grades 40, 50, 60, and 70 kip/in?
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Internal

Memo

Component Stress Analysis

From: CSA:CJIM:ggb:93/3
Phone: 6-1063 H5-56
Date: February 22, 1993
Subject: TANK 241-SY-101 PRESSURIZATION: EQUIVALENT PRESSURE FACTORS
To: D. D. Stepnewski H4-82 .
cc: G. M. Christensen H4-21 L. J. Julyk H5-56
G. L. Fox L5-01 R. M. Marusich Gl-67 , \ _i
D. J. Green H5-56 J. B. Truitt H5-56 \06-
J. M. Grigsby H4-62 R. J. Van Vleet H4-62 -
J. D. Hopkins R2-11 CJM File/LB
G. D. Johnson R2-78
Reference: L. J. Julyk, et al., "Structural Integrity Evaluation of

Double-Shell Waste Tank 241-SY-101 Under a Postulated
Hydrogen Burn," WHC-SD-WM-TI-465, Rev. 0, April 1991,
Westinghouse Hanford Company, Richland, Washington.

The energy absorbed by the 241-SY-101 tank during a postulated dynamic
-hydrogen burn event can be related to a simpler static pressurization with
well defined tank damage versus static pressure. This relation can be
estimated by employing a dynamic amplification facter on the static '
pressure.

The mechanical work done by the gas in the primary liner on the tank system
can be seen in Figures 1 and 2 as the areas under the respective volume
change versus pressure plats. Figure 1 gives the results of an ABAQUS model
of the 241-SY-101 tank without any side soil induced friction. While,
Figure 2 gives results with a side soil friction coefficient of 0.57.

The static analyses lines of Figures 1 and 2 are seen to have similar
characteristic shapes. The pressure_at maximum slope change is 36 1bf/in2
in Figure 2 as compared to 22 1bf/in® in Figure 1. The large slope change
and increase in nonlinearity coincides with the tank side wall lifting off
the foundation pad (241-SY-101 has no reinforcement tieing the wall into the
foundation) and the bottom of the tank deflecting to approximate a
hemispherical shape. The addition of soil friction delays the side- wa]]
1iftoff until a higher pressure is obtained.

Figures 1 and 2 both show that postulated dome gas burn times of 1.0 sec
trace the respective static analysis case until the point of tank side-wall
liftoff. In Figure 1, the 0.0l-sec burn time is seen to peak at a pressure
almost matching the constant volume burn pressure with very little
volumetric expansion. The 0.0l-sec burn line can then be seen to follow an
adiabatic expansion 1ine and merges with the 1.0-sec analysis case.

Slower burn times would have a characteristic shape between that of the
1.0-sec burn case and the static analysis trend. The maximum volume change

Hanford Operations and Engineering Contractor for the US Department of Energy
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D. D. Stepnewski ' CSA:CJM:ggb:93/3 .
Page 2
February 22, 1993»

and the maximum mechanical work done on the tank system may be greater than
shown in the plots and the summary table. The tank responded during the
1-sec burn cases resulting in a maximum deflection in about 1.5 seconds. If
the burn time was increased to tune with the tank response an increase in
the maximum deflection (increased amplification) would be expected. Tuning
with the structural response for a linear elastic system can be simply
related to the normal mode shapes and frequencies of the liner system. The
241-SY-101 tank and the resulting ABAQUS finite-element model is highly
nonlinear and the equivalent linear mode shapes and frequencies shift with
tank damage (concrete cracking). Tuning the pressure lcad to the SY-101
tank nonlinear response requires a parametric study tracking the shifting
response time.

Table 1 give amplification factors derived from the existing ABAQUS
analyses. These factars are conservative for application to dome burn times
of 1 sec or less when employed with failure criteria curves of Figure 3
developed for static pressurization with a side soil friction condition.

The static pressure curves given in Figure 3 are based on the case with side
soil friction because this results in larger strains in the dome. [ would
recommend using the amplification factors and curves with side-sail friction
coefficient of 0.57 as being the most realistic.

Failure of the 241-SY-101 tank under a postulated hydrogen burn event is
assumed to occur when the strain at local discontinuities in the primary
steel liner exceed the ductility of the linear material, with appropriate
reduction factors to account for multiaxial loading and welds. The
resulting peak membrane principal strains at structural discontinuities in
the dome are shown in Figure 3 as a function of static internal pressure.
Effective ductility 1imits for the primary liner material (ASTM 316-Gr 45)
are also shown for the base metal and welds. The strain limit for welds is
conservatively taken as 1/2 the corresponding limit of the base metal. The
maximum local strain location occurs at the intersection of the 4-in.
penetration in the pump pit with the 3/8-to-1/2 in. thickness transition in
the primary liner dome region.

The procadure for obtaining the limiting constant volume burn pressure is
given in Table 1. However, this procedure should be usad with ;autxon in
extrapolation to other burn times and volumes cutside of analysis data.

E-2
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0. D. Stepnewski ' CSA:CJIM:ggb:93/3
! Page 3
February 22, 1993

The Bureau of Mines test data implies the time for a real burn could be
greater than 1 sec. While, LANL chemical kinematics calculations predict a
burn time of around 0.6 second. A proposal is being prepared for an
engineering effort to investigate burn time variability and resulting effect
on 241-SY-101 tank response.

of

“C. J. Moore, Principal Engineer
Component Stress Analysis

ggb
Attachments
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ABAQUS DOME HYDROGEN, NITROUS & AIR BURN MODEL
NCNLINEAR LARGE DEFLECTION DYNAMIC ANALYSIS
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RADIOLOGICAL DOSE CALCULATIONS FOR TWO POSTULATED
HYDROGEN BURN CASES IN TANK 104-AN

D.A. Himes
- 5/9/94

Radiological dose consequences are required for two specified releases due to
postulated hydrogen burns in Tank 104-AN [1]. These doses are to be combined
with doses due to a previously analyzed release from a tank ventilation system
[2]. The exhaust system releases are based on window C crust samples from
Tank 101-SY. _

Source Term:
Two releases of crust material due to the postulated hydrogen burns were

specified [1]. The two cases were designated as Best Estimate and
Conservative Bounding, and are shown in Table 1.

Table 1: Specified releases of crust material due
to postulated hydrogen burns in Tank 104-AN

Release (Ci)

Best Conservative
Isotope Estimate Bounding
Sr-90 7.5E-3 2.5E-2
Tc-99 1.6E-3 4.8E-2
I-129 6.5E-5 2.2E-4
Cs-137 3.7E-1 6.8E+0
Np-237 1.2E-4 3.6E-4
Pu-239 1.7E-5 5.6E-5
Am-241 2.5E-4 8.4E-4

The isotopic mix of the material in the exhaust system is assumed to be the
same as that for the crust sample material from 101-SY. The release developed
previously [2] corresponds to 360 g of crust material containing the isotopic
mix shown in Table 2.

F-1
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Table 2: Isotopic releases from the primary
exhaust system inventory only

Isotope Release (Ci)

Sr 90 1.2E-2
Tc 99 1.3E-4
I 129 1.0E-4
Cs 137 1.5E-1 .
Np 237 1.8E-4
Pu 239 6.1E-6
Am 241 5.8E-5

It is conservatively assumed that the releases are entirely in‘the form of
respirable (< 10 pym) particles. Worst-case solubilities are assumed.

Receptor Descriptions:

Onsite:
Normally the receptor at a distance of 100 m in the worst direction [3].
Doses calculated for this receptor include inhalation and submersion.
The release in this case is assumed to take place in a short time so no
credit was taken for evacuation.

Site Boundary:
Receptor at the site boundary in the worst direction. This receptor is
assumed to stay at this location for the duration of the accident.
Doses calculated include inhalation and submersion. In sectors where
the site is bounded by the Columbia River, this receptor is assumed to
be located on the near bank of the river.

Agricultural Area:
Residence of the ingestion pathway receptor (IPR). This receptor is
assumed to grow his own food, including a variety of crops, meat and
dairy products and to continue to do so at this location for 50 years
following the accident. No credit is taken for uncontaminated
foodstuffs brought in from outside the area. Note that IPR ingestion
doses are reported only as a measure of economic damage since, in the
case of an accident, any contaminated land or products would not be
used. Ingestion and ground shine would not, therefore, be actual
exposure pathways. The release is assumed to occur just prior to the
autumn harvest in order to maximize consequences with regard to the time
of the accident. In sectors where the site is bounded by the Columbia
River, this receptor is assumed to be located on the far bank of the

river.
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. Transport Assumptions:

Acute 99.5 percentile ground level release dispersion factors (X/Q) were
generated using the GXQ code [4] for each of the 16 sectors at a distance of
100 m and at the site boundary. 95 percentile dispersion factors were also
generated over all 16 sectors. These results are summarized in Tables 3 and 4
below. The asterisks in the tables identify the worst case locations. For
this release location the agricultural Tocation corresponding to the maximum
ingestion pathway receptor (IPR) is on the east bank of the river.

Table 4: Acute 99.5 percentile X/Q values at 100 .m
onsite locations for ground level releases
in the 200 Areas

Sector X/Q (s/ms)
S 1.56E-2
SSW 1.13E-2
SW 1.21E-2
WSH 1.22E-2
\ W 2.80E-2
. CWNM 1.60E-2
NW 2.89E-2
NNW 2.90E-2
N 3.12E-2
NNE 1.54E-2
NE 1.57E-2
ENE 2.52E-2
E 3.41E-2
ESE 3.25E-2
SE 3.07E-2
SSE 1.58E-2
Al1 (95%) 3.44E-2 *
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Table 5: Acute 99.5 percentile X/Q values at offsite
locations for ground level releases in the

AN Tank Farm

Sector  Dist.(km)  X/Q (s/m)
S 21.1 4.34E-6
SSW 18.3 3.31E-6
SW 18.3 4.23E-6
WSW 22.4 3.30E-6
W 22.2 7.91E-6
WNW 22.6 4.33E-6
NW 22.2 8.21E-6
NNW 22.2 8.24E-6
N 25.3 7.52E-6
NNE 24.4 3.42E-6
NE 19.1 5.03E-6
ENE 15.9 1.08E-5
E 15.9 1.45E-5
ESE 20.0 1.04E-5
SE 24.4 7.74E-6
SSE 21.1 4.47E-6
A11 (95%) 9.87E-6

Code Documentation:

- GXQ version 3.1 (6/8/93) [4]

Joint Frequency Data: 200 Area, 10 m, Pasquill A-G (1983-1991 Average)

GXQ input/output files are attached for reference.

GENII version 1.485 (12/3/90) [5]

GENII Default Parameter Values (3/28/90)

Radionuclide Library - Times <100 years (7/23/93)

External Dose Factor Library (5/8/90)

Worst-Case Solubilities, Yearly Dose Increments (7/23/93)

Metabolic Parameters (8/12/88)

PNL Food Transfer Factor Library (7/19/93)

Typical GENII input files are attached for reference.

Results:

The resulting 50 year committed doses to the three receptor types are shown in
Tables 6 and 7 for the two releases from the tank only.

The doses due to the

assumed release from the primary tank exhaust system are shown in Table 8.

F-4




- WHC-SD-WM-SAR-064, Rev. 0

. Finally, the doses for the combined tank + exhaust system releases are shown
in Tables 9 and 10. Submersion doses were calculated using a semi-infinite
cloud model. Note that the site boundary receptor and ingestion pathway
receptor (IPR) are at the same location for these releases. Bone S dose
refers to bone surface dose.

Table 6: Resulting doses for Best Estimate
release from tank only

Dose (fém).
Receptor Dose Type EDE Limiting Organ
Onsite Inhalation 2.4E40 4.5E+1 (Bone S)
- (100 m) Submersion 1.56-3 1.5E-3 :
Total 2.4E+0 4.5E+1 (Bone S)
Site Boundary Inhalation 9.9E-4 1.9E-2 (Bone S)
(14.5 km E) Submersion 6.2E-7 6.2E-7
Total 9.9E-4 1.9E-3 (Bone S)
IPR Inhalation 9.9E-4 1.9E-3 (Bone S)
(14.5 km E) Submersion 6.2E-7 6.2E-7
Ingestion 3.3E-2 5.1E-2 (Bone S)
Ground Shine 1.1E-3 1.1E-3
3.5E-2 5.4E-2 (Bone S)

.> | Total

Table 7: Resulting doses for Bounding
release from tank only

Dose (rem) :
Receptor Dose Type EDE Limiting Organ
Onsite Inhalation 9.5E+0 1.4E+2 (Bone S)
(100 m) Submersion 2.7E-2 2.7E-2
Total 9.5E+0 1.4E+2 (Bone S)
Site Boundary Inhalation 4.0E-3 6.0E-2 (Bone S)
(14.5 km E) Submersion 1.1E-5 1.1E-5
Total 4.0E-3 6.0E-2 (Bone S)
IPR Inhalation 4.0E-3 6.0E-2 (Bone S)
(14.5 km E) Submersion 1.1E-5 1.1E-5
Ingestion 5.7E-1 6.6E-1 (Bone S)
Ground Shine 2.0E-2 2.0E-2
Total 5.9E-1 7.4E-1 (Bone S)
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Table 8: Resu]tihg doses for release from
tank exhaust system
' Dose (rem)
Receptor Dose Type EDE Limiting Organ
Onsite Inhalation 1.7E+0 3.5E+1 (Bone S)
(100 m) Submersion 5.8E-4 5.8E-4
Total 1.7E+0 3.5E+1 (Bone S)
Site Boundary Inhalation 7.2E-4 1.5E-2 (Bone S)
(14.5 km E) Submersion 2.5E-7 2.5E-7
Total 7.2E-4 1.5E-2 (Bone S)
IPR Inhalation 7.2E-4 1.5E-2 (Bone §)
(14.5 km E) Submersion 2.5e-7 2.5E-7
Ingestion 1.5E-2 4.2E-2 (Bone S)
Ground Shine 4.4E-4 4.4E-4
Total 1.6E-2 5.7E-2 (Bone S)
Table 9: Combined doses for Best Estimate
release from tank + exhaust system
Dose (rem)
Receptor Dose Type EDE Limiting Organ
Onsite Inhalation 4.1E+0 8.0E+1 (Bone S)
(100 m) Submersion _2.1E-3 _2.1E-3
Total 4.1E+0 8.0E+1 (Bone S)
Site Boundary Inhalation 1.7E-3 3.4E-2 (Bone 9S)
(14.5 km E) Submersion _8.7E-7 _ _8.7E-7_ -
Total 1.7E-3 3.4E-2 (Bone 9)
IPR Inhalation 1.7E-3 3.4E-2 (Bone S)
(14.5 km E) Submersion 8.7E-7 8.7E-7
. Ingestion 4 .8E-2 9.3E-2 (Bone S)
Ground Shine _1.5E-3 _1.5E-3
Total 5.1E-2 1.3E-1 (Bone S)
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Table 10: Combined doses for Bounding release
from tank + exhaust system

Dose (rem)
Receptor Dose Type EDE Limiting Organ
Onsite Inhalation 1.1E+1 1.8E+2 (Bone $S)
(100 m) Submersion 2.8E-2 2.8E-2
Total 1.1E+1 1.8E+2 (Bone §)
Site Boundary Inhalation 4.7E-3 7.5E-2 (Bone S)
(14.5 km E) Submersion 1.1E-5 1.1E-5
Total 4.7E-3 7.5E-2 (Bone S)
IPR Inhalation 4.7E-3 7.5E-2 (Bone S)
(14.5 km E) Submersion 1.1E-5 1.1E-5
Ingestion 5.9E-1 7.0E-1 (Bone S)
Ground Shine 2.0E-2 2.0E-2
Total 6.2E-1 8.0E-1 (Bone S)

References:

°

Memo, D.D. Stepnewski to D.A Himes, "Radiological Dose Calculations for
Tank Postulated Hydrogen Burn Cases - Crust Composite Source Term -
Revised April 20, 1994," 29140-DDS-94004, April 20, 1994.

Memo, D.A. Himes to D.D. Stepnewski, "Radiological Dose Analysis of Two
Hydrogen Burns in Tank 101-SY and a Sample Spill Based on W1ndow C
Samples," 29250-DAH-92015, August 7, 1992.

Nonreactor Facility Safety Analysis Manual, Westinghouse Hanford Co.,
WHC-CM-4-46, September, 1988.

B.E. Hey, GXQ Program Users’ Guide, WHC-SD-GN-SWD-30002, EDT 141669,
June 8, 1993. ‘

B.A. Napier, et al., GENII - The Hanford Environmental Radiation

Dosimetry Software System, PNL-6484, Dec. 1988.
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GXQ Input/Output File
99.5 Percentile Individual Sector - Onsite and Offsite .

GXQ Version 3.1 B
June 8, 1993

General Purpose Atmospheric Dispersion Code
Produced by Radiological & Toxicological Analysis
Westinghouse Hanford Company

Users Guide documented in WHC-SD-GN-SWD-3002 Rev. 0.
Validation documented in WHC-SD-GN-SWD-3003 Rev. 0.
Code Custodian is Brit E. Hey, WHC, ext. 6-2921.

Run Date = 4/ 8/1994
Run Time = 9:53 37.97
INPUT ECHO:
Sector X/Qs for Tank 104-AN Hydrogen Burn
c GXQ Ver. 3.1 Input File
¢ mode

1
o
¢ MODE CHOICE:
c mode = 1 then X/Q based on Hanford site specific meteorology
c mode = 2 then X/Q based on atmospheric stability class and wind speed
c mode = 3 then X/Q plot file is created
o
¢ LOGICAL CHOICES:
¢ ifox inorm icdf ichk isite ipop icon

T F F F F F F
c ifox =t then joint frequency used to compute frequency to exceed X/Q
c = f then joint frequency used to compute annual average X/Q
¢ inorm = t then joint frequency data is normalized (as in GENII)
c = f then joint frequency data is un-normalized
c icdf =t then cumulative distribution file created (CDF.OUT)
c = f then no cumulative distribution file created
¢ ichk = t then X/Q parameter print option turned on
c = f then no parameter print
c isite = t then X/Q based on joint frequency data for all 16 sectors
c = f then X/Q based on joint frequency data of individual sectors
c ipop =t then X/Q is population weighted
c = f then no population weighting
¢ icon =t then X/Q is air concentration
c = f then X/Q is integrated exposure
c
c MODEL CHOICES:
¢ idep iwake ipm irise igrav iwash iflow iwind
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0 0 0 0 0 0 0 0
. c idep =1 then plume depletion model turned on (Chamberlain model)
c iwake = 1 then NRC RG 1.145 building wake model turned on
c = 2 then MACCS virtual distance building wake model turned on
¢ ipm =1 then NRC RG 1.145 plume meander model turned on
c = 2 then ‘5th Power Law plume meander model turned on
o = 3 then sector average model turned on
¢ irise = 1 then momentum/buoyancy plume rise model turned on, buoyancy
o rise based on sensible heat emission
C = 2 then momentum/buoyancy plume rise model turned on, buoyancy
c rise based on initial plume density
c igrav = 1 then gravitational settling model turned on
¢ iwash = 1 then stack downwash model turned on
¢ iflow = 1 then sigmas adjusted for volume flow rate
¢ iwind = 1 then wind speed corrected for plume height
c = 0 to turn any of the above models off
o
¢ PARAMETER INPUT:
¢ stack wind : frequency
¢ release speed mixing to scaling
¢ height height height exceed factor
c (m) (%) (?)

(m) (m) .
0.00000E+00  1.00000E+01  1.00000E+03  5.00000E-01  1.00000E+00

c
c gravitational
¢ building building release deposition settling
. c width - height duration velocity velocity
c (m) (m) (hr) (m/s) (m/s)
7.90000E+00 3.00000E+00 1.00000E+00 1.00000E-03 1.00000E-03
o
o initial sensible
¢ initial plume heat
¢ plume flow stack emission
¢ density rate diameter rate
¢ (g/cc) (m3/s) (m) (cal/s)
1.22000E-03 7.07000E+00 3.00000E+00 4.18000E+05
o
¢ RECEPTOR DEPENDENT DATA
¢ FOR MODE make RECEPTOR DEPENDENT DATA
c 1 (site specific) sector distance z-height
¢ 2 (by class & wind speed) class windspeed distance offset z-height
c 3 (create plot file) class windspeed xmax imax ymax jmax xgmin power
Cc
¢ RECEPTOR PARAMETER DESCRIPTION:
¢ sector =0, 1, 2... (all, S, SSW, etc.)
¢ distance = meters
cclass =1, 2, 3, 4, 5, 6, 7 (P-G stability class A, B, C, D, E, F, G)
¢ windspeed = m/s
. ¢ offset = meters offset from plume centerline
¢ xmax = maximum distance to plot or calculate to (m)
c imax = distance intervals
o = maximum offset to plot (m)
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¢ jmax = offset intervals

¢ xgmin = minimum scaled X/Q to calculate
¢ power = exponent in power function step size .
MODE:

Site specific X/Q calculated

LOGICAL CHOICES:

Joint frequency used to calculate X/Q based on
frequency of exceedance.

No normalization of joint frequency.

X/Q calculated for single sector.

Output is atmospheric dispersion coefficient.

MODELS SELECTED:

WARNING/ERROR MESSAGES:
WARNING #3 - Scaled X/Q units (shown as s/m3 or 1/m3
- below) do not reflect the user specified
scaling factor.

JOINT FREQUENCY DATA:
200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR

Sector X/Qs for Tank 104-AN Hydrogen Burn

TOTAL AVERAGE
POPULATION INDIVIDUAL

RECEPT SECT. SCALED SCALED ATM. WIND

DISTANCE HEIGHT FREQ. X/Q X/Q STAB. SPEED

SECTOR  (m) (m) (%) POPULATION  (s/m3) (s/m3) CLASS (m/s)
3 100 0 ~6.30 T ~T1.56E-07  1.56E-02 E 89
SSW 100 0 4.53 1 1.136-02 1.13E-02 F 2.65
SW 100 0 2.93 1 1.21E-02 1.21E-02 F 2.65
WSW 100 0 2.72 1 1.22E-02 1.22E-02 F 2.65
W 100 0 4.80 1 2.80E-02 2.80E-02 G 2.65
WNW 100 0 3.98 1 1.60E-02 1.60E-02 G 4.70
NW 100 0 4.72 1 2.89E-02 2.89E-02 G 2.65
NNW 100 0 4.58 1  2.90E-02 2.90E-02 G 2.65
N 100 0 4.36 1 3.12E-02 3.12E-02 G 2.65
NNE 100 0 2.49 1 1.54E-02 1.54E-02 E .89
NE 100 0 3.9 1 1.57E-02 1.57E-02 E .89
ENE 100 0 6.17 1  2.526-02 2.52E-02 G 2.65
E 100 0 14.05 1 3.41E-02 3.41E-02 F .89
ESE 100 0 18.80 1 3.256-02 3.25E-02 F .89
SE 100 0 10.83 1 3.07E-02 3.07E-02 G 2.65
SSE 100 0 4.78 1 1.58£-02 1.58E-02 G 4.70
S 21100 0 6.30 1 4.34F-06 4.34E-06 E .89
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6XQ Input/Output File
95 Percentile A1l Sectors - Onsite

GXQ Version 3.1 B
June 8, 1993

General Purpose Atmospheric Dispersion Code
Produced by Radiclogical & Toxicological Analysis
Westinghouse Hanford Company

Users Guide documented in WHC-SD-GN-SWD-3002 Rev. 0.
Validation documented in WHC-SD-GN-SWD-3003 Rev. O.
Code Custodian is Brit E. Hey, WHC, ext. 6-2921.

Run Date
Run Time

3/31/1994
14:52 1.32

INPUT ECHO:
Overall Site X/Qs for Tank 104-AN Hydrogen Burn
GXQ Ver. 3.1 Input File

C
of

O0O0000O0

OO0 O0OO000000000000

mode
1

MODE CHOICE:

mode
mode
mode

LOGICAL
ifox
T
ifox
inorm
icdf
ichk
isite
ipop

jcon

{20 (T (T A Y Y Y (N A I N '}

1
2
3

then X/Q based on Hanford site specific meteorology
then X/Q based on atmospheric stability class and wind speed
then X/Q plot file is created

CHOICES:

inorm icdf ichk isite ipop icon

F F T F F

then joint frequency used to compute frequency to exceed X/Q
then joint frequency used to compute annual average X/Q

then joint frequency data is normalized (as in GENII)

then joint frequency data is un-normalized

then cumulative distribution file created (CDF.OUT)

then no cumulative distribution file created

then X/Q parameter print option turned on

then no parameter print

then X/Q based on joint frequency data for all 16 sectors
then X/Q based on joint frequency data of individual sectors
then X/Q is population weighted

then no population weighting

then X/Q is air concentration

then X/Q is integrated exposure

—h et —h ot =h ot =h ot =h o —h oF —h o+ T

MODEL CHOICES:

idep

jwake ipm irise igrav iwash iflow iwind
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0 0 0 0 0 0 0 0
. c idep = 1 then plume depletion model turned on (Chamberlain model)
¢ iwake = 1 then NRC RG 1.145 building wake model turned on
c = 2 then MACCS virtual distance building wake model turned on
¢ ipm =1 then NRC RG 1.145 plume meander model turned on
c = 2 then 5th Power Law plume meander model turned on
c = 3 then sector average model turned on
¢ irise = 1 then momentum/buoyancy plume rise model turned on, buoyancy
o rise based on sensible heat emission
c = 2 then momentum/buoyancy plume rise model turned on, buoyancy
¢ rise based on initial plume density
¢ igrav = 1 then gravitational settling model turned on
¢ iwash = 1 then stack downwash model turned on
¢ iflow = 1 then sigmas adjusted for volume flow rate
¢ iwind = 1 then wind speed corrected for plume height
c = 0 to turn any of the above models off
c
¢ PARAMETER INPUT:
¢ stack wind frequency
¢ release speed mixing to scaling
¢ height height height exceed factor
¢ (m (m) (m) (%) (?)
0.00000E+00 1.00000E+01 1.00000E+03 5.00000E+00 1.00000E+00
c
c gravitational
¢ building building release deposition settling
¢ width height duration ~velocity velocity .
c (m) (m) (hr) (m/s) (m/s)
7.90000E+00 3.00000E+00 1.00000E+00 1.00000E-03 1.00000E-03
o
c initial sensible
¢ initial plume heat
¢ plume flow stack emission
c density rate diameter rate
¢ (g/cc) - (m3/s) (m) (cal/s)
1.22000E-03 7.07000E+00 3.00000E+00 4.18000E+05
C ; ’ : '
¢ RECEPTOR DEPENDENT DATA
¢ FOR MODE make RECEPTOR DEPENDENT DATA
c 1 (site specific) sector distance z-height
¢ 2 (by class & wind speed) class windspeed distance offset z-height
¢ 3 (create plot file) class windspeed xmax imax ymax jmax xgmin power
o
¢ RECEPTOR PARAMETER DESCRIPTION:
c sector = 0, 1, 2... (all, S, SSW, etc.)
¢ distance = meters
cclass=1, 2, 3, 4, 5, 6, 7 (P-G stability class A, B, C, D, E, F, G)
¢ windspeed = m/s
c offset = meters offset from plume centerline
¢ xmax = maximum distance to plot or calculate to (m)
¢ imax = distance intervals
¢ ymax = maximum offset to plot (m)
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¢ jmax = offset intervals

¢ xgmin = minimum scaled X/Q to calculate
c power = exponent in power function step size
MODE:

Site specific X/Q calculated

LOGICAL CHOICES:

- Joint frequency used to calculate X/Q based on
frequency of exceedance.

No normalization of joint frequency.

X/Q calculated for overall site.

Qutput is atmospheric dispersion coefficient.

MODELS SELECTED:

WARNING/ERROR MESSAGES:

WARNING #3 - Scaled X/Q units (shown as s/m3 or 1/m3
below) do not reflect the user specified
scaling factor.

JOINT FREQUENCY DATA:

200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR

Overall Site X/Qs for Tank 104-AN Hydrogen Burn

TOTAL AVERAGE
POPULATION INDIVIDUAL

RECEPT SECT. SCALED SCALED ATM.  WIND

DISTANCE HEIGHT FREQ. - X/Q X/Q STAB. SPEED

SECTOR  (m) (m) (%) - POPULATION  (s/m3) (s/m3) CLASS (m/s)
ALL 100 0 99.94 1 3.44E-02 3.44E-02 F .89
ALL 21100 0 99.94 1 9.87E-06 9.87E-06 G 2.65
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GENII Input File
. Onsite Receptor at 100 m
Best Estimate Release

#######R AR AA##E Program GENII Input File ############ 8 Jul 88 ####
Title: 104-AN hydrogen burn - best estimate source term - 0S 100m

\GENII\104anlos.in Created on 04-01-1994 at 09:55
OPTIONS= Default =====================s====s=z==z===== ==
F Near-field scenario? (Far-field) NEAR-FIELD: narrowly-focused
F Population dose? (Individual) release, single site
T Acute release? (Chronic) FAR-FIELD: wide-scale release,

Maximum Individual data set used multiple sites
Complete Complete
TRANSPORT OPTIONS============ Section EXPOSURE PATHWAY OPTIONS===== Section
T Air Transport 1 F Finite plume, external 5
F Surface Water Transport 2 T Infinite plume, external 5
F Biotic Transport (near-field) 3,4 F Ground, external 5
F Waste Form Degradation (near) 3,4 F Recreation, external 5
, T Inhalation uptake 5,6
REPORT OPTIONS= == F Drinking water ingestion 7,8
T Report AEDE only F Aquatic foods ingestion 7,8
T Report by radionuclide F Terrestrial foods ingestion 7,9
T Report by exposure pathway F Animal product ingestion 7,10
F Debug report on screen F Inadvertent soil ingestion

INVENTORY ##########EF#ERFFFREFREFRIRAR AR R AR AAAAAAA AR AAAAAAAA AR AR AR A A A

. 4 InVentory'input activity units: (1-pCi VZ-uCi 3-mCi 4-Ci 5-Bqg)
0 Surface soil source units (1- m2 2- m3 3- kg)
Equilibrium question goes here

-------- -~--Release Terms------|-=-=-~---~Basic Concentrations---—-----

Use when| transport selected near-field scenario, optionally
Release Surface Buried Surface Deep Ground Surface
Radio- [Air Water Waste |Air Soil Soil Water Water
nuclide |{/yr /yr /m3 /m3 Junit  /m3 /L /L
SR90 7.5E-03

Y 90 7.5E-03

TC99 1.6E-03

I 129 6.5E-05

CS137 3.7E-01

NP237 1.2E-04

PU239 1.7E-05

AM241 2.5E-04

———————————— Derived Concentrations-----

Use when measured values are known

Release |Terres. Animal Drink Aquatic
. Radio- {Plant Product Water Food
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nuclide |/kg /kg /L /kg

TIME #########################################################################

1 Intake ends after (yr)

50 Dose calc. ends after (yr)

0 Release ends after (yr)

0 No. of years of air deposition prior to the intake period

0 No. of years of irrigation water deposition prior to the intake period

FAR-FIELD SCENARIOS (IF POPULATION DOSE) #############REAFHHRHHFHHRFHFRAARRH#H

0 Definition option: 1-Use population grid in file POP.IN
0 2-Use total entered on this line

NEAR-FIELD SCENARIOS ###############4####H#H##HHAAFFHAAAHHBAAARERHHHHHHHRAHE

Prior to the beginning of the intake period: (yr)

0 When was the inventory disposed? (Package degradation starts)

0 When was LOIC? (Biotic transport starts)

0 Fraction of roots in upper soil (top 15 cm)

0 Fraction of roots in deep soil '

0 Manual redistribution: deep soil/surface soil dilution factor

0 Source area for external dose modification factor (m2)

TRANSPORT ####################################################################
====A]R TRANSPORT= ===SECTION l=====

0-Calculate PM 0 Release type (0-3)

1 Option: 1-Use chi/Q or PM value F Stack release (T/F)
2-Select MI dist & dir 0 Stack height (m)
3-Specify MI dist & dir 0 Stack flow (m3/sec)

3.44E-2 Chi/Q or PM value 0 Stack radius (m)

0 MI sector index (1=5) 0 Effluent temp. (C)

0 MI distance from release point (m)|0 Building x-section (m2)

F Use jf data, (T/F) else chi/Q grid|0 Building height (m)

====SURFACE WATER TRANSPORT===================== =====SECTION 2=====

0 Mixing ratio model: O-use value, l-river, 2-Take

0 Mixing ratio, dimensionless

0 Average river flow rate for: MIXFLG=0 (m3/s), MIXFLG=1,2 (m/s),

0 Transit time to irrigation withdrawl location (hr)

If mixing ratio model > 0: v

0 Rate of effluent discharge to receiving water body (m3/s)

0 Longshore distance from release point to usage location (m)

0 Offshore distance to the water intake (m)

0 Average water depth in surface water body (m)

0 Average river width (m), MIXFLG=1 only

0 Depth of effluent discharge point to surface water (m), lake only

====WASTE FORM AVAILABILITY= ====SECTION 3=====

0 Waste form/package half life, (yr)

0 Waste thickness, (m)
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Depth of soil overburden, m

====BJOTIC TRANSPORT OF BURIED SOURCE === ==SECTION 4=====
Consider during inventory decay/buildup period (T/F)?

Consider during intake period (T/F)? 1-Arid non agricultural
Pre-Intake site condition.............. 2-Humid non agricultural

3-Agricultural

EXPOSURE ############ 4R HHRHH AR AR A HAA R AR A R R R R R

HFOOOODOOO

====FXTERNAL EXPOSURE==== =SECTION S5=====
Exposure time: ' Residential irrigation:
Plume (hr) T Consider: (T/F)
Soil contamination (hr) 0 Source: l-ground water
Swimming (hr) 2-surface water
Boating (hr) 0 Application rate (in/yr)
Shoreline activities (hr) 0 Duration (mo/yr)

Shoreline type: (1l-river, 2-lake, 3-ocean, 4-tidal basin)
Transit time for release to reach aquatic recreation (hr)
Average fraction of time submersed in acute cloud (hr/person hr)

====]NHALATION ====z=z=z== SECTION 6=====

Hours of exposure to contamination per year

0-No resus- .1-Use Mass Loading 2-Use Anspaugh model
pension Mass Toading factor (g/m3) Top soil available (cm)

====]NGESTION POPULATION======= =====z======== SECTION 7=====
Atmospheric production definition (select option):

0-Use food-weighted chi/Q, (food-sec/m3), enter value on this line

1-Use population-weighted chi/Q

2-Use uniform production

3-Use chi/Q and production grids (PRODUCTION will be overridden)
Population ingesting aquatic foods, 0 defaults to total (person)
Population ingesting drinking water, 0 defaults to total (person)
Consider dose from food exported out of region (default=F)

Note below: S* or Source: 0-none, l-ground water, 2-surface water
3-Derived concentration entered above
==== AQUATIC FOODS / DRINKING WATER INGESTION=========SECTION 8====

Salt water? (default is fresh)

USE TRAN- PROD- -CONSUMPTION-

? FOOD  SIT UCTION HOLDUP  RATE

T/F TYPE  hr kg/yr da kg/yr DRINKING WATER

F FISH 0.00 0.0E+00 0.00 0.0 ;0 Source (see above)
F MOLLUS 0.00 0.0E+00 0.00 0.0 | T Treatment? T/F

F CRUSTA 0.00 O0.0E+00 0.00 0.0 0 Holdup/transit(da)
F  PLANTS 0.00 0.0E+00 0.00 0.0 0 Consumption (L/yr)

====TERRESTRIAL FOOD INGESTION== SECTION 9=====
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USE - GROW  --IRRIGATION-- PROD- -~CONSUMPTION--

? FOOD TIME S RATE TIME YIELD UCTION HOLDUP RATE

T/F TYPE da * in/yr mo/yr kg/m2 kg/yr da kg/yr

F LEAFV 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0

F ROOTV 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0

F FRUIT 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0

F GRAIN 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0
====ANIMAL PRODUCTION CONSUMPTION= ==========SECTION 10====
---HUMAN---- TOTAL DRINK  —-——mmemeeo STORED FEED-------~=--—--
USE CONSUMPTION PROD-  WATER DIET GROW -IRRIGATION-- STOR-

? FOOD RATE HOLDUP UCTION CONTAM FRAC- TIME S RATE TIME .YIELD AGE

T/F TYPE kg/yr da kg/ye FRACT. TION da * in/yr mo/yr kg/m3 da

F  BEEF - 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
F  POULTR 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
F MILK 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
F EGG 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
—————————————— FRESH FORAGE------—-—---
BEEF .00 0.0 0 0.0 0.00 . 0.00 0.0
MILK 0.00 0.0 0 0.0 0.00 0.00 0.0

idd e dadsdadstatasdsdadadddsssddisasadasdataidiasdaiadaadaasdsadsdadad
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GENII Input File
Ingestion Pathway Receptor 15.9 km E
Bounding Release

#HfA#E#ER AR E#E##A## Program GENII Input File ############ 8 Jul 88 ####
Title: 104-AN hydrogen burn - Bounding source term - IP 15.9 km E

\GENII\104an2ip.in Created on 04-01-1994 at 10:27
OPTIONS Default === ===
F Near-field scenario? (Far-field) NEAR-FIELD: narrowly-focused
F Population dose? (Individual) release, single site
T Acute release? (Chronic) FAR-FIELD: wide-scale release,
Maximum Individual data set used multiple sites
) Complete Complete
TRANSPORT OPTIONS============ Section EXPOSURE PATHWAY OPTIONS===== Section
T Air Transport 1 F Finite plume, external 5
F Surface Water Transport 2 F Infinite plume, external 5
F Biotic Transport (near-field) 3,4 T Ground, external 5
F Waste Form Degradation (near) 3,4 F Recreation, external 5
F Inhalation uptake 5,6
REPORT OPTIONS F Drinking water ingestion 7,8
F Report AEDE only F Aquatic foods ingestion 7,8
T Report by radionuclide T Terrestrial foods ingestion 7,9
T Report by exposure pathway T Animal product ingestion 7,10
F Debug report on screen T Inadvertent soil ingestion

INVENTORY ################FH#HRHRFHFHFFRFHHHHHRHHFHAFRHAFERR AR AR AR AR R A

. 4 Inventory input activity units: (1-pCi 2-uCi 3-mCi 4-Ci 5-Bq)
0 Surface soil source units (l1- m2 2- m3 3- kg)
Equilibrium question goes here

———————— ----Release Terms------|----------Basic Concentrations---—-----
Use when| transport selected near-field scenario, optionally
Release Surface Buried Surface Deep Ground Surface
Radio- |Air Water Waste |[Air Soil Soil Water Water
nuclide |/yr /yr /m3 /m3 Junit  /m3 /L /L

SR90 2.5E-02

Y 90 2.5E-02

TC99 4.8E-02

I 129 2.2E-04

CS137 6.8E+00

NP237 3.6E-04

PU239 5.6E-05

AM241 8.4E-04

———————————— Derived Concentrations-----

Use when measured values are known

Release |Terres. Animal Drink Aquatic
. Radio- |Plant Product Water Food
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nuclide |/kg /kg /L /kg

e e s e s s et | s i ot ot ey s — " - ——— A — -

TIME ########H AR AR R B

50 Intake ends after (yr)

50 Dose calc. ends after (yr)

0 Release ends after (yr)

0 No. of years of air deposition prior to the intake period

0 No. of years of irrigation water deposition prior to the intake period

FAR-FIELD SCENARIOS (IF POPULATION DOSE) #############F#AF#HFFHFHRHAFERFFHERH

0 Definition option: 1-Use population grid in file POP.IN
0 2-Use total entered on this line

NEAR-FIELD SCENARIOS ################H###HAFHHHRAREHHRRAHRRHREHHHHH R HHH R RS

Prior to the beginning of the intake period: (yr)

0 When was the inventory disposed? (Package degradation starts)

0 When was LOIC? (Biotic transport starts)

0 Fraction of roots in upper soil (top 15 cm)

0 Fraction of roots in deep soil

0 Manual redistribution: deep soil/surface soil dilution factor

0 Source area for external dose modification factor (m2)

TRANSPORT ##########H#H A HAARFA R RABHRBHRHRBHRHHEFHEFH IR R HH R R H AR AR B R4
====A]R TRANSPORT=============z=========s=s==ss======= =SECTION l=====

0-Calculate PM 0 Release type (0-3)

1 Option: 1-Use chi/Q or PM value F Stack release (T/F)
2-Select MI dist & dir 0 Stack height (m)
3-Specify MI dist & dir 0 Stack flow (m3/sec)

1.45E-5 Chi/Q or PM value 0 Stack radius (m)

0 MI sector index (1=S) 0 Effluent temp. (C)

0 MI distance from release point (m)|0 Building x-section (m2)

F Use jf data, (T/F) else chi/Q grid|0 Building height (m)

====SURFACE WATER TRANSPORT===========ss============= SECTION 2=====
Mixing ratio model: O-use value, l-river, 2-lake
Mixing ratio, dimensionless
Average river flow rate for: MIXFLG=0 (m3/s), MIXFLG=1,2 (m/s),
Transit time to irrigation withdrawl location (hr)
If mixing ratio model > 0:
Rate of effluent discharge to receiving water body (m3/s)
Longshore distance from release point to usage location (m)
Offshore distance to the water intake (m)
Average water depth in surface water body (m)
Average river width (m), MIXFLG=1 only
Depth of effluent discharge point to surface water (m), lake only

OOOO

OOO0OOOO

====WASTE FORM AVAILABILITY =SECTION 3=====
Waste form/package half life, (yr)
Waste thickness, (m)
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Depth of soil overburden, m

====BI0TIC TRANSPORT OF BURIED SOURCE== ===SECTION 4=====
Consider during inventory decay/buildup period (T/F)?

Consider during intake period (T/F)? 1-Arid non agricultural
Pre-Intake site condition.............. 2-Humid non agricultural

3-Agricultural

EXPOSURE ############H#HHHFRER AR H AR RARRRHRAAREH R R E R R

380.0

HFOOOOOMO

Moo

====EXTERNAL EXPOSURE ==SECTION 5=====
Exposure time: Res1dent1a1 irrigation:
Plume (hr) T Consider: (T/F)
Soil contamination (hr) 0 Source: l-ground water
Swimming (hr) 2-surface water
Boating (hr) 0 App11cat1on rate (in/yr)
Shoreline activities (hr) 0 Duration (mo/yr)

Shoreline type: (l-river, 2-lake, 3-ocean, 4-tidal basin)
Transit time for release to reach aquatic recreation (hr)
Average ‘fraction of time submersed in acute cloud (hr/person hr)

====]NHALATION = SECTION 6=====

Hours of exposure to contamination per year

0-No resus- 1-Use Mass Loading 2-Use Anspaugh model
pension Mass loading factor (g/m3) Top soil available (cm)

====]NGESTION POPULATION=========== ===========SECTION 7=====
Atmospheric production definition (select option):

0-Use food-weighted chi/Q, (food-sec/m3), enter value on this line

1-Use population-weighted chi/Q

2-Use uniform production

3-Use chi/Q and production grids (PRODUCTION will be overridden)
Population ingesting aquatic foods, 0 defaults to total (person)
Population ingesting drinking water, 0 defaults to total (person)
Consider dose from food exported out of region (default=F)

Note below: S* or Source: O-none, l-ground water, 2-surface water
3-Derived concentration entered above
=== AQUATIC FOODS / DRINKING WATER INGESTION=========SECTION 8

Salt water? (default is fresh)

USE TRAN- PROD- -CONSUMPTION-

? FOOD SIT UCTION HOLDUP  RATE

T/F TYPE  hr kg/yr da kg/yr DRINKING WATER

F FISH 0.00 0 0E+00 0.00 0.0 | O Source (see above)
F MOLLUS 0.00 0.0E+00 0.00 0.0 | T Treatment? T/F

F CRUSTA 0.00 0.0E+00 0.00 0.0 |0 Holdup/transit(da)
F  PLANTS 0.00 0.0E+00 0.00 0.0 {0 Consumption (L/yr)

====TERRESTRIAL FOOD INGESTION === ==SECTION 9=====
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USE GROW  -~-IRRIGATION-- PROD- --CONSUMPTION--

? FOOD TIME S RATE TIME YIELD UCTION HOLDUP  RATE

T/F TYPE da * in/yr mo/yr kg/m2 kg/yr da kg/yr

T LEAFV 90.00 0 0.0 0.0 1.5  0.0E+00 1.0 30.0

T ROOT V 90.00 0 0.0 0.0 4.0 0.0E+00 5.0 220.0

T FRUIT 90.00 0 0.0 0.0 2.0 0.0E+00 5.0 330.0

T GRAIN 90.00 0 0.0 0.0 0.8 0.0E+00 180. 80.0
====ANIMAL PRODUCTION CONSUMPTION ===SECTION 10====
---HUMAN---- TOTAL DRINK  —————emmmmee STORED FEED--------=-=----
USE CONSUMPTION PROD-  WATER DIET GROW -IRRIGATION-- STOR-

? FOOD RATE HOLDUP UCTION CONTAM FRAC- TIME S RATE TIME YIELD AGE

T/F TYPE kg/yr da kg/yr FRACT. TION da * in/yr mo/yr kg/m3 da

T BEEF 80.0 15.0 0.00 0.00 0.25 90.0 0 0.0 0.00 0.80 0.0
T POULTR 18.0 1.0 0.00 0.00 1.00 90.0 0 0.0 0.00 0.80 0.0
T MILK  270.0 1.0 0.00 0.00 0.25 45.0 0 0.0 0.00 2.00 0.0
T EGG 30,0 1.0 o0.00 0.00 1.00 90.0 0 0.0 0.00 0.80 0.0
-------------- FRESH FORAGE------------
BEEF 0.75 45.0 0 0.0 0.00 2.00 100.0
MILK 0.7 30.0 0 0.0 0.00 1.50 0.0

#E##HFHERFFFRERFARRRRR ARG AR RER R AR B RR AR A AR A AR AR R AR AAAA R AR AR AR R R A A
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CHECKLIST FOR PEER REVIEW

. Document Reviewed: RADIOLOGICAL DOSE CALCULATIONS FOR TWO POSTULATED HYDROGEN
BURN CASES IN TANK 104-AN, D.A. Himes, 5/9/94

= Scope of Review: entire document

Yes No NA
[111 ng *  Previous reviews complete and cover analysis, up to scope of this
review, with no gaps.
%Kj L1101 Problem completely defined.
101 Dbd Accident scenarios developed in a clear and logical manner.
LATLT11] Necessary assumptions explicitly stated and supported.
] [ 1101 Computer codes and data files documented.
110111 Data used in calculations explicitly stated in document.
< [110] Data checked for consistency with original source information as
applicable.
(L1111 Mathematica1 derivations checked including dimensional consistency of
results.
A [ 111 Models appropriate and used within range of validity or use outside
range of established validity justified.
Bl L1101 Hand calculations checked for errors. Spreadsheet results shou]d be
treated exactly the same as hand calculations.
1111 Software input correct and consistent with document reviewed.
ﬁ:ﬁ L1101 Software output consistent with input and with results reported in
' document reviewed.
[101Ed Limits/criteria/guidelines applied to analysis results are appropriate
. : and referenced. Limits/criteria/guidelines checked against
references.
[ 1101 Safety margins consistent with good engineering pract1ces
(101104 Conclusions consistent with analytical results and applicable Timits.
[»d [ ] Results and conclusions address all points required in the prob]em
statement.
10104 Format consistent with appropriate NRC Regulatory Guide or other
standards
[ ] [xj * Review calculations, comments, and/or notes are attached.
A [ 11 Document approved. ‘//%é -
ﬁ/‘%f /L/év L. j// -—/ug/m/
Reviewer (Printed Namg and S1gnature) =/ /Date

* Any calculations, comments, or notfes generated as part of this review should be
signed, dated and attached to this checklist. Such material should be labeled and
recorded in such a manner as to be intelligible to a technically qualified third

party.
43 [ 1 ['] Analysis en into analysis database
DA Heaes T : 5/7/97/
(Printed Name and Sigmature) Date
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HEDOP REVIEW CHECKLIST
- for
Radiological and Nonradiological Release Calculations

“Document reviewed (include title or description of calculation, document number,
author, and date, as applicable):

RADIOLOGICAL DOSE CALCULATIONS FOR TWO POSTULATED HYDROGEN BURN CASES
IN TANK 104-AN, D.A. Himes, 5/9/94

Submitted by: D.A. Himes Date Submitted: ;74?77@g§’

Scope of Review: entire document

YES __NO* N/A

(X1 [1 []1 1. Adetailed technical review and approval of the environmental
transport and dose calculation portion of the analysis has been
performed and documented.

Detailed technical review(s) and approval(s) of scenario and
release determinations have been performed and documented.
HEDOP-approved code(s) were used.

Receptor locations were selected according to HEDOP
recommendations.

A1l applicable environmental pathways and code options were .
included and are appropriate for the calculations.

Hanford site data were used.

Model adjustments external to the computer program were
justified and performed correctly.

The analysis is consistent with HEDOP recommendations.
Supporting notes, calculations, comments, comment resolutions,
or other information is attached. (Use the "Page 1 of X" page
numbering format and sign and date each added page.)

-

e beed
LW ™
. B

[ o e — d ed
[ ]
e
(8]

L]
b
@O 0o ~

d I1 10. Approval is granted on behalf of the Hanford Environmental Dose
Overview Panel.

* A1l "NO" responses must be explained and use of nonstandard methods justified.

Taret S, Davis \Odwfbf‘:\aut‘@ sHosT/7Y

HEDOP-Approved Reviewer (Printed Nagpé and Signature) /Daté

COMMENTS (add additional signed and dated pages if necessary): .
No wdencey & Nl and é/é/dﬂ"éé‘z}é.(‘ «7/ Ve sele nanco AU{L‘] P/W%‘&C/ _
3 GEMIL CHERCPL apprsved) wag wud A doae calecdabibny. X420 “rod
HEDOP-apeh ) was waed Yo . Loty Z/Qs e ingedt 4nfo

GENTL, A2taiiae GENIL Aote rof talecdaty X/Qs on alifrdarce

st NRE Regudaisw, Huide /45 | .
6. Ronford uC R—izoﬁc,cd,(z 7&{/&‘6 ML@V\(Q/ Qnﬂ&tﬁ@gy Ao ta e

Ad et Yo GXRY

L
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APPENDIX G

RELATIONSHIP OF THUNDERSTORMS TO GAS RELEASE EVENTS
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RELATIONSHIP OF THUNDERSTORMS TO GAS RELEASE EVENTS

In the past at various times, the concern has been raised that
thunderstorms are associated with low barometric pressure, and that in turn
could promote a gas release event (GRE). If that were true, then the
occurrence of lightning and a GRE would not be independent events, and the
probability of a fire from this source would be identical with Tightning

strike probability.

Discussions with the Pacific Northwest Laboratory meteorology staff
indicate that thunderstorms are not necessarily accompanied by low pressure
and usually are not. In any case, to check out the possible relationship
between GREs and thunderstorms, the dates when thunder was heard at the
200 Area meteorology station was tabulated for the past eight years
(Table G-1). Audible thunder was counted as an indicator of the potential for
cloud-to-ground lightning discharge in the vicinity of the tank farms.

Typical thunderstorm duration is two to three hours.

The dates on which waste tank surface level changes started in any of the
double-shell flammable gas watch list tanks are tabulated in Table G-2. These
data show that 47 burps occurred during the eight year study period in all
six double-shell tanks combined, including tank 101-SY. As shown in
Table G-1, thunder was heard in the 200 Area on 72 days during the eight-year
period. Not a single GRE occurred on the same date as a thunderstorm. Thus,
it is concluded that a thunderstorm does not imply that a burp will occur and
it is reasonable to treat lightning and GREs as independent events.
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Table G-1. Dates of Thunder in Vicinity of 200 Area 1986 through 1993
(supplied by Dana Hoitink, PNL, May 18, 1994).
1986 1987 1988 1989 1990 1991 1992 1993
5/26 4/17 4/28 4/25 4/11 4/1 3/14 4/25
5/27 4/28 5/12 5/9 5/30 4/7 6/12 4/29
6/3 5/30 5/28 5/22 6/6 4/15 6/28 5/14
6/4 6/4 6/7 5/23 6/10 6/24 777 6/11
6/14 6/15 - 5727 6/22 6/25 7/20 6/15
6/28 7/25 - 8/8 6/29 6/28 8/21 6/20
8/29 8/24 - 8/9 7/24 6/29 1 8/22 6/21
9/15 -- -- 8/22 7/30 7/12 -- 6/28
- - - 8/27 8/20 7/13 -- 7/9
- -- - 8/30 8/29 7/31 - 7/13
- -- -- -- 9/18 8/1 -- 7/14
-- -- -- -- -- 8/6 -- 7/15
- - -- -- -- -- -- 8/19
Table G-2. Dates of Level Changes in Double-Shell Flammable Gas
Watch List Tanks (data supplied by N. E. Wilkins, May 13, 1994).
1986 1987 1988 1989 1990 1991 1992 1993
2/26 2/23 1/3 3/27 1/16 1/16 1/17 1/22
11/16 5/4 6/16 4/4 3/1 1/22 4/13 2/2
-- 7/28 9/6 7/13 4/15 2/13 4/20 6/26
-- 8/16 - 12/7 4/19 5/16 5/11 6/30
- 12/3 -- -- 5/19 5/19 5/15 --
-- -- -- -- 6/8 6/13 9/3 --
-- - -- - 8/5 8/27 9/14 --
- - -- - 10/24 10/15 9/26 -
-- - - - 10/25 12/4 10/21 --
- - -- - -- 12/5 11/21 --
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APPENDIX H

SUMMARY OF CONSERVATISMS
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SUMMARY OF CONSERVATISMS

Appendix H summarizes the conservatisms used in this assessment.
Table H-1 identifies the conservatism and cross references the sections where
it is used within the report. A short description of the significance of the
conservatism is also provided.

H-1
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