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1.0 PURPOSE 

The purpose of this calculation is to quantify thermal phenomena and predict 

consequences for select double-shell tank (DSp heat-up scenarios for waste feed delivery safety 

applications. This work extends previous tank bump analyses [Epstein, et al., 2ooO; and Epstein, 

et al., 2Wa]  by foeusing on selected scenarios in which extended loss of cooling leads to waste 

boiling and aemsol gemration. The HADCRT d e ,  Version 1.3, is used to provide a best- 

estimate, coupled simulation of both thermal-hydraulic and aerosol transport phenomena The 

physical model employed mnsidos boiling aerosol generation, aemsol agglomeration and 

gravitational sedimentation in the tank beadspace, aerosol removal from stem condensaiioR and 

aemsol transport h n  the headspace to the envimnmcnt and through ventilation flow paths. 

Thus, the net result of the calculation is the time history of aerosol release to the immediate 

vicinity of an undergmmd DST. 

FAIml-42. Rev. I 1 - 1  Ocfober ZOO1 
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I 
I 
i 
! 
! 2.0 ASSUMPTIONS AND TECHNICAL BASES 

i 
! 

2.1 IW)CRT 1.3 ComonterProeralq I 

I 
I 

The computation tool for DST source term analysis is the HADCRT Code, Vcrsion 1.3. 

HADCRT 1.3 was developed and validated under the FAI Quality Assurance Program. The 

HADCRT technical basis and its validation are discussed in the Uscr's Manual [Plys, et al., 

20011. 

I 

. .  
HADCRT is a multi-compartment thennofluid facility model that also considers aerosol 

formation and entrainment. hdividually modeled compartments (regions) in a facility are 

connected ria an arbitrary netwo* of flow paths (junctions) and joined by (or contain) a l i i  of 

heat conductors. A region Mntains gas, acmwl and liquid phases, with the gas space eithm well- 

mixed or stratified, depending on the application Here we consider only weU-mixed gas spaces 

in all regions, although the code is capable ofdealing with stratified layers, as would be expected 

in, say, a fire hazards analysis. Gases and aerosols are exchanged h n g h  junctions hehveen 

regions via unidirectional, pressure-driven flows and densitydriven, counter-cmt flows. An 

operations model allows the user to specify liquid transfa between regions and control 

operation based on levels or time. Aerosols are released by various entrainment mechanisms or 
formed from vapor as a fog, agglomerate while suspended, and are deposited by gravity, 

condensation, 01 impaction. 

! i 
I 

2.2 HADCRT DST Model 

In HADCRT calculations. the key assumptions arc embedded in the inputs for the 

compartments or regions uscd for the DST (the nodalization, in other words). heat sinks that 

q - t  the waste, soil and DST structures, and junctions for inletlout flow paths, as wall as the 

ventilation system. Key features ofthe inputs are mentioned here, with input listings relegated to 

subsequent sections. 

o c l ~  zoo1 FNmI-42, RN. I 2 - 1  
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For DST thcrmal and s o m e  term analysis, the ncdalization considers four major gas 
volumes: the primary DST volume (headspace and convective waste), the annulus. the 

condenser, and the environment. The environment is just a region 50 large that its pnseure and 

tmperature remain constant. Headspace and annulus regions are modeled in detail, as discussed 

in Section 4.0. The condenser is simply modeled as a relatively small volume connected to the 

headspace, with a very large heat sink surface area and pool of cold water. The large heat sink 
condenses water vapor entering from the headspace and adds it to the condensate PI. If the 

primary ventilation system is opting, the liquid transfer model maintains level in the DST by 

reflux from the condenser region to the DST whenever the convective layer level declines 

slightly. Ifprimary ventilation is not operating in a scenario, there is no recirculation to the DST 

and the liquid transfer model dumps excess condensate into the environment. 
, ,  

There are five junctions in the model: (1) a filtered inlet fmm the envimmnent to the 

headspace. (2) an outlet from the headspace to the condenser, (3) an inlet to the annulus, (4) an 

outlet for the annulus. and (5)  a flow path from the condenser to the envimmnent. Regions and 

connectins junctions are shown in F i m  2-1. Because none of the scenarios consider annulus 
ventilation, junctions to and fmm the annulus include a filter resistance and are just leakage flow 

areas to prevent unrealistic pressurization. Pressure drops include filter resistances but the 

decontamination factor is 1.0, in keeping with scenario dehnitions. A detailed model of the 

primary ventilation system was not requid because p - ~  drops in the main eondcrwr, 
HEME and HEPAMEGA were accounted for in the flow path h m  the oondenser to the 

environment. This junction also has a constant flow rate fan that pulls headspace gas thmugh the 

condenser and exhausts to the environment. In the loss of Ventilation scenarios, this flow rate is 

S e t t o Z n O .  

Heat sinks represent the non-convective layer, which can be modeled as a slab with 

volumetric heat generation, steel liners, concrete srmctuns. and surrounding soil. Figure 2-2 

shows all but one of the heat sinks. The heat sinks are the same regardless of the scenario, but in 

cases where the mixer pumps are opcrating, the non-convective layer is made arbitmily thin 
( I  em). An additional heat sink resides in the condenser and m o v e s  steam fmm the incoming 
stream, hut is not pictured in Figure 2-2. Figure 2-2 shows the primary steel he r  is divided into 

six vertical sections, in order to wmctly model heat transfer fmm the liquid waste and 

FALW-42, Rev. 1 2 - 2  Ocfober 2001 

10 







RPP-15088 REV 0 

I 

headapace gas as a function of waste level. There are several composite layers, or sandwkhes, 

f m e d  by combining the individual heat sinlrs: (1) the dome and the overlying soil, (2) the 

bottom her, bottom concrete, and underlying soil, (3) the annulus liner, annulus concrete wall, 

and adjacent soil, and (4) the concrctc annulus floor and underlying soil. T h d  contact 

between layers is assumed to be very good 

Each of these heat sink surfaces can experience condensation, although the effect is most 
impomt  for the headspace dome. Gravitational settling is considend only in the DST, and the 

only salimentation area considend is the waste surface area itself. Aerosol settling in the 

ventilation flow paths is neglected for simplicity and conservatism as pari of the scenario 

definition. 

2.3 Asrnmrdlonr for Scenarios Analvze4 

DST AZ-101 is analyzed for scenariw of interest, but DST AZ-102 is c o n s i d d  
for ccde comparison and validation. As part of the d e  validation and model 
verification presented in Seaion 7, HADCRT results are compand to 
GOTH-SNF results for a DST Az-102 mixing transient. 

Inputs for waste propertics are fmm [ h a ,  et al., 20001. This is for two reasons: 
the document is a recent compilation of many inputs needed for thcrmal d y s i s ,  
and this allows a direct comparimn of HADCRT results with GOTH-SNF results. 

Two mixer pumps operate at full spad and dissipate 440,ooO W into the waste, 
which is equivalent to 600 h0rsepw.s. 

If the ventilation system is operating, the cod- heat sink and water 
temperaOse is maintained at 10°C (50") and the recirculation mode keeps DST 
supernatant level constant. In the recirculation mode, vapora from the waste are 
condensed and refluxed back to the DST to maintam level. 

If a scenario states that the ventilation system is not operating, the ventilation and 
reflux flow rates are set t o m .  

With one exception, ambient conditions are constant at 28°C (WF)  and 
101,350 Pa In a validatioddfication exercise shown in Section 7, HADCRT 
results are compared against the themwm~ple data from an actual DST transient 
where primary ventilation flow rate was degraded for about nearly two snd a half 

FAIml-42, Rw. I 1 - 5  oe10der 2001 
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months. For the comparimn against actual DST conditions, site weather data is 
used to determine the ambient conditions. 

Scenario definitions are per the communications listed in Section 9. 

For the safe storage scenario, total DST AZ-101 heat load is 71 kW, with 41 kW 
in the non-convective layer and 30 kW in the convective layer. Two heat load 
distributions are noted in the communications of Section 9, but the higher total is 
selected for source term analysis. The validationlveiification exercise presented 
in Section 7, uses the best-estimate heat load of 61 kW. 

FAUUl-42, Rev. 1 2 - 6  Oeroba 2WI 
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. .., . 

3.0 METHODOLOGY 

Two sets of analyses w m  developed: 1) an analysis of DS? heat-up starting fmm safe 

storage conditions and exolvding mixer pump operation, and (2) an analysis of heat-up with 

mixer pumps in operation. A first step in the analysis was to create initial conditions and obtain 

the correct temperature steady-state profile in surrounding tank structures and soil prior to the 

start of a Wansimt. Such initial runs were necessary for both safe storage and mixa pump 

operation scenarios. 

For the current safe storage conditions, an initial run lading 1 I5 days was made with the 

ventilation flow rate set to 1,000 cfm and condensaie recirculation set to maintain the initial 

waste level. Initial temperature profiles were reasonable guesses, with the intent that the correct 

temperature profiles would evolve over time and emerge as the steady-state. Code results show 

that waste temperahum are steady a h  115 days and equal to 49OC for the convective layer and 

7 1 T  (peak) for the non-convective layer. This is very close to the actual safe storage Conditions 

of 48'C for the convective layer and 72'C for the non-convective layer peak [Epstein, et al., 

ZoaO]. Considering the ucertmn ' iy in the actual PrimaFj ventilation flow rate over auch a period, 

this result is acceptable. Model and input verification are addressed in further detail in Section 7. 

The next run was a "restart" from the initial run, but with ventilation and condensate 

recirculation flow rates set to mo. The restaR ocaured at 115 days. and went out to 550 days 

from time z m .  The goals of this run were to compute the waste healup rate for a loss of primary 
ventilation scenaxio and the subsequent boiling source term. 

An initial NI was also needed for the mixer pump scenarios. In the initial NII, the 

temperature stytp at a mixing tRnpcrahln for the waste (the temperature obtained by instantly 

stirring the nonanvective layer with the supanatant). This assumes that mixer pump operation 

is immediately effective in mobilizing the waste, which is a monable assumption for two 

3Whp motors operating at full s p e d  An exact value for the mixing temperature is not 

important because it is merely an initial condition, so the value obtained by Crea, et al., [ZOO01 

for &IO2 is used here. (Section 7 shows a verificatiodvalidation of the model by camparing 

FUlll-42, Rev. 1 3 - 1  OCIObe? 2001 
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the results for Crea, et al., [2oM1] against HADCRT results for mixer pump operation in 

DST-AZ-102.) Primary ventilation system flow rate was set to 500 cfm. This value was chosen 

because it leads to conditions that exceed the AB temperature limits in the waste. The NU lasted 

115 days and attained a steady-state temperature of 95T after 70 days or so. Waste temperature 

exxcaded the AB limit after 18 days of mixer pump operation. This m establishes that a 

primary ventilation flow rate of 500 cfm would not prevent the waste from exceeding the AB 

temperature limit, but would prevent boiling. 

In the loss of ventilation scenario run, restart OcNmd just before exceeding temperature 

limits at 18 days. The nu pmcceded for another 92 days. Heat up rate and boiling acrosol 
generation are reported. 

-. . 

In the recovery scenario, restart occurred at 26.6 days inta the overall timeline. “bat is, 

the mix- pump operate for 8.6 day withcut the ventilation system. This models a scenario 

where the ventilation system is recovered afler boiling $tats, with the intent to see how recovery 

effects murce term. 

FMOI-42. Rev. I 3 - 2  October 2001 
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. , ,  

4.0 MPUT DATA 

Detailed discussion of code input variables is lefl to the User's Manual, but general input 

data for the calculations are discussed here and presented as tables. Complete input files are 

listed in Section 8. The intent is to convey major input v a I w  that affect tank h a p ,  anosol 
generation, agosol attenuation, and aerosol release to the site, and which differentiate between 

wn*uios. 

Waste properties and inventory are adapted from Crea, et al.. [Zoo01 and shown in Table 

4-1. The main analyses use DST AZ-101 waste properties as a basis, but a run made with DST 

AZ-102 was made for the sake of verificationlvalidaiion and comparison (sa Section 7). The 

parameters shown in the table an for the safe storage conditions, but the inventories serve as the 

starting point for inputs to c~ses with mixer pump operation. In 0th~ words, the HADCRT input 

cousclyes the supmataut and paticle masses indicated in Table 4-1. 

I Table 4-1: 

General Inputs for Therm1 An.lyaia of DST AZ-102 for Safe Storage Cwditiouk 
Adanted from IC- et U. 2OOOI. I 

waste Properly 

, \..L .A'"& b, , 
001408 Btunbm-h 0.009 Btullbm-h 
(0.0091 watt&) (0.0058 watwkg) iquid Specific Heat G ' m d o n  Rate 

October 2001 F.41/01-42s Rev. I 4 - 1  
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(u.54 wan&) 
0.35 B ~ l - f l - ~ R  
5.0 Bhr/h-fl-'R 

47.000 gal 

Thermal Conductivity of Aqueous Solution 
Thermal Conductivity of Solids 

Sludge I C  .,on d\ 

I Table 4-1: 

General Inputs for Thermal Analysis of DST AZ-102 lor Safe Storage Conditions. 
Admted from 1Crea. et d.. 2OOO1. I 

(0.1644 wans/kg) 
0.35 BtuPn-fl-oR 
5.0 BtuA~-fl-'R 

95,000 gal 

Wwte Property 

Sludge Depth 

Weight Fraction of Solids 
Volume Fraction of Solids 

I Tank 241-A2r101 Tank 24l-AZIM 
Parameter Value Paruneter Value 

34.5 in. 17in. 
16to 17.75 in. 

0.45 0.42 
0.23 0.17 

I f","O, I , ,  I l l L l  

812,000 Supematant Liquid 

For the initial AZ-IO1 run, HADCRT region inputs are listed in Table 4-2. "'Volume" 
includes both liquid and gas (ik) volumes, with gas volume continually updated as a function 

of liquid level. Region flwr area is used to compute liquid level and is just volume divided by 

the ceiling height, which is 41 1 in2 in the primary DST region, as is the sedimentation area The 
bottom of the DST is r&itrarily selected to bc wm as an elevation reference. The bottom of the 

primary DST volume is then the top of the non-Eonvective layer, which is 43 cm thick, Initial 

waste temperatures are estimates of the cumnt safe storage conditions. 

Condenser values are contrived and Unimportant so long as the heat sinks in the region 
condense steam and there is a pwl available to replenish liquid lost by evaporation. A liquid 

transfcr model takes watcr from this pool and dumps it back to the DST to maintain level. while 

condensate from heat sinks simply falls back into the watcr pool. Condenser free volume is 

10 m3 and the p o l  volume is 990 m3, which is large enough to maintain temperahwe despite 

&lows and outflows. The condenser bottom is placed at the 16 m elevation, which means that 

its bottom is 1.0 meter above the environment flow, and the top is at the 1,016 m elevation. A 

large, thin heat sink with artificially high thermal conductivity is placed at the 1,015 m elevation 
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to eo8u~r that large heat transfer and condensation rates remove nearly all water vapor fmm the 

inwming 5trm 

Heat sinks are listed in Table 4-3. There are eighteen heat sinks in all and ncdalization is 

shown in Figure 2-2. Thme are several composite heat sink% these arc heat rinks made up of 

layers of individual heat sinks. Heat sinks 9. IO, 11, and 12 arc the non-convective Layer, liner, 

mncrete. and soil, respectively. and are conjoined to form a composite heat sink. Other 

composite heat sinks, or “ d w i c W  are comprised of: (I) the dome liner and overlying soil, 

(2) the annulus wncrete wall and soil, and (3) the annulus floor and underlying soil. T h d  
resistance bmveen layers is assumed to be nil, which is reasonable becaw there arc no air gaps. 

The wn-convective layer is ahvayp mcdcled as a heat sink here, because heat rinks may have a 

volumetric heat generation rate and allow for a temperatwe profile calculation based on 
boundary wnditions of convection to the overlying pool and conduction to the liner with no 

resistance. Naturally, in the safe storage scenario, heat sink 9 r e f l e  the t h i c b  and thermal 

properties of the non-convective layer and the region 1 pool rcflezts the supematant pmpnties. 

In mixer pump scenarios. heat sink 9 is made arbitrarily mall  (1 cm) with no heat generation, 

while the pool has the propaties of the mixed waste. 

FMml-42. Rev. 1 4 - 3  ocrober 2001 

19 



RPP-15088 REV 0 

Table 4-3 contains a few entries that require explanation. Heat sinks are either planar or 

cylindrical, with the inner radius set to zem if the heat sink is planar. Heat sinks q u i r e  

boundary conditions, which, in the code, can consist of the following: (I)  exposure to a gas or 

liquid region, (2) fixed temperam, (3) adiabatic, or (4) a variety of user-prescribed time- 

dependent conditions. The table shows a selection of boundary couditions for each side of the 

heat sink; because these boundary conditions are mutually exclusive some of the entries are I& 

blank as non-applicable. Heat transfer comlations require a length, and these are shown by the 

row heading labeled “Natural Convection Length, m”. For the dome and overlying soil, the 

natural convection length is the DST diameter of 22.88 m (75 A). The row heading “Conduction 

Length” is used for models to approximate multidimensional heat transfer where heat si& are 
in contact. Since the DST Ai-101 non-convective layer is very thin relative to its length, two- 

dimensional conduction networks are not used and these entries are just place keepers. The table 

also shows that the n u m k  of calculation nodes is small (3, the minimum necessary for a finite- 

diffmnce solution) where temperatun gradients are not large. and large (20) where important 

lempeiature gradients are expected. 

For the condenser heat sink, the entry ‘?ideat” denota that this material has a thermal 

conductivity of 1,ooO W/miK, which is an artificial value, so as to rapidly condense steam. This 
heat sink is one meter high and resides between the 1,015 and 1,016 m elevations. The t h m a l  

conductivity is set to an artificially high value so that the surface lemperahm on the outer 

surface (facing the gas in Region 4) will always be close to the surface temperature at the inner 

face, which is fixed at 1O’C. An artificially high natural convection length is also used to 

augment heat transfer rates. The combination of large surface, fixed temper-, and gmd 
conductivity mimic condenser functions, maintain gas region tempcram, and remove incoming 

water vapor. 

Junctiom are listed m Table 4-4. The annulus openings are simply to prevent unrealistic 

Prespurization and do not reflect any real dimensions; they can be considered effective leakage 

arcas. The counter-current flow model is not used in any scenarios becauac it is consmative to 

prevent in-leakage of air during loss of ventilation scenarios. Filters inhibit counter-current flow, 

as well. No values relevant to counter-current flow (junction width, height, and length) are listed 

in Table 4-3 and the actual inputs shorn in Section 8 are place keepers. For hcadspace junctions 
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Table 4-3: U C R T  Heat Conductor hpuh  (concluded). 

I 16 I 17 1 18 
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Table 4-3 HA%RT Eat Conductor Inputs (concluded). 

I I 17 1 18 tSmkNumbcr 16 

r 

Elevhon w.r.1. to Upstream 
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(I, 2, and 5). flow arcas are based on the communications in Section 9. which indicate that the 

outlet to the condenser h m  the headspace is 8” OD. The inlet and the line h m  the condenser 

to the ambient are assumed to be the same diameter. Except for the annulus inlet and outlet, loss 

cocfficients are estimates based on 100 length-to-diameter ratios. 

Filter res ismes were estimaled as follows: the values for the p r h q  inlet, annulw 
inlef and annulus outlet are just nominal HEPA filter values taken h m  FAI, 19941, while filter 

resistances for the primary outlet and condenser outlet reflect device pressure drops at the rated 

flow of 1,000 cfm. Ressure drops through other devices are desonhed in the communications of 
Section 9. The pressure drop tbrough the condenser is 18” w.g. (4,500 Pa) at 1,000 cfm 

(0.46m3/s), which results in a filter resistme of 10,000 Pa/(mh) after rounding up. 

Components downstream of the condenser have pnsnure drops as follows for the nominal 

1,000 cfm flow: 11” w.g. for the common condenser (which is distinct from the DST condenser 
modeled by region no. 4), 1 I ”  for the HEME, and 5” w.g. for the HEPAMEGA. This is a total 

of27” w.g., so an effective fi~ta mistance is IS,OOO pd(m’/s). AII assumption is that the hear 
relationship between resistance and pressure drop in a filter holds at all flow rates. There is some 

operating experience to suppart this anwmption: the HEPAMEGA filters have a pressure drop 

of 5” w.g. at 1,ooO cfm for dirty filters, and a pressure drop of 1.5” w.g. at 400 cfm for clean 

filters. Moreover, the primary ventilation flow rates we are interested in are either reasonably 

close to the nominal value. or are very close to zero, at which point the exact values for pressure 

drop are not important. 

. .. 

Waste pmperdes were specified in accord with Table 4-1, with a few exceptions noted 

below. Waste pmpaties for the safe storage scenario are discussed first. In scenarios with 

opaating mixer pumps. the NCL is arbitrarily small (1 cm) and has no volumetric heat 

g m n a t i ~  which makes its properties unimpoMt. This arrangement is most convenient for 
preparing input because with only slight modification, the safe storage nodahation show in 

F i p  2-2 can also be used for the mixer pmnps.scenarios. The convective layer then reflects 

the homogenized properties of all the waste (solid + liquid) in the DST. Mixer pump heat load is 

Ireated as an extcmal, uniformly dishibuted heat source rather than as a waste property. 
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The DST AZ-101 non-convcctivC layer thickncss is 43 cm (17 inches for "Sludge")). 

Becausc the NCL is mated as a heat sink, relevant properties an density, specific heat capacity, 

thermal conductivity, and volumetric heat generation. NCL density is readily calculated as a 

volume average, knowing the solids volume hction (23%), the solids density (3.2 &E), and 

the interstitial liquid density (1.18 ginkc); NCL density is 1640 k#m3 (0.23 x 3.2 + 0.11 x 1.18 

&E). NCL specific heat capacity is a mass fraction average: 0.45 x 3,200 + 0.55 x 1,100 

=2255 1ikg-C. Thermal conductivity is a volume average: 0.23 x 5 + 0.17 x 0.35 = 0.9 

W/m-C. after unit conversion. The specific heat generation rates in Table 4-1 are not used to 

compute volumetric heat generation. Instcad, the total heat load in the NCL is divided by the 

NCLvolume,andisequalto231 W/m3(41,000 W/(O.43 ~4111~ ' ) ) .  

Convective layer depth is based on 812,000 gallons of supematant and the 41 1 m* floor 
area, and is 7.47 m. Assuming the supematant consists of water and dissolved solids, the solids 

fractiou in the supernatant can be determined knowing the liquid density (1.18 g/cc), the solids 

density (3.2 gcc), and the density of water. By volume, the supematant is 8.18% solids. Solid 

mass fraction, x, is given by the formula: 

Substiluting in the values above gives x = 0.21. Solids decay heat (WM is then 31,000 W 
/(0.21 x 7.47 x 411 x 1,180 kg), or 0.0401 Wikg. Convective layer density is then 0.0818 

x 3,200 + (1 - 0.0818) x 1,000 = 1,180 kglm3. The code will calculate a liquid specific beat 

capacity based on mass fraction, which is written 0.21 x 1,000 + 0.19 x 4,200 = 3,528 Jkg-C. 

This is in slight disagreement with the value listed in Table 4-1 (3200 Jikg-C) because the 

HADCRT code -ats the liquid as two separate specis and uses an appropriate average, rathm 

than inputting a single heat capacity value for the liquid. The distinction between the two 

species that make up the liquid is important to source tcrm analysis and must be maintained. 

Validatiodvcrification undotaken in Section 7 demonsbates that this Iimitatiou does not 
introduce any noticeable m r .  
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In the mixer pumps scenarios, properties are homogenized values for all waste in the 

DST. Total m a ~ s  fraction of solids is given by: 

m885 of solids in NCL + mass of solids in CL 
total m m  of waste 

x =  (4-2) 

The m m  of solids in the NCL is 130,073 kg (0.23 x 0.43 x 411 x 3200 kg); mass of solids in 

the convective layer is 803,648 kg (0.0818 x 7.47 x 41 I x 3,200 kg); and total mass of waste is 

3,914,405 kg (0.43 x 411 x 1,180 + 7.47 x 411 x 1,180 kg). Overall solids mass fraction is then 

24%. Decay heat, in terms of Jkg, is therefore 71,000 W I (803,648 kg + 103,073 kg), 01 

0.07588 Jkg. 
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RETLV.DAT 

5.0 W C  ULATIONS 

I Restart of RETSS.DAT at 16 Waste 

mn for another 98 days or to boilin& 

subs tau ti all^ dculeted. 

t e m ~  
&R loss of ventilation, time 

generation, 

days with loss of ventilation; 

until s u p ~ a ~ t  invmtory is and soun;e tBm due to 

I 

Restart of WTLV.DAT at 
~ ~ ~ D A T  26.5 days with ventilation re- 

mvery, recovery of vmtila- 
tion a h  boiline. 

Calculations were made for scenarios listed m Table 5-1. Each scenario is dixusscd 

below. 

Waste tempcraturs p f i l e  
&cr rsovery, aerosol genera- 
tion, and so= term due to 
boiline. 

I ventilation. I 
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5.1 Steadv-State, Safe Stonee 

This scenario has already been discussed briefly in the methodology (Section 3.0). This 

run establishes realistic temperature profiles in DST structural materials and surrounding soil, 

with a primary ventilation flow rate of 1,ooO c h .  Temperabe response of the convective layer 

(supernatant), and the average non-convective layer tempera- are shown m Figures 5-1. 

Starting from the (d) inilial conditions for the rue, waste tempmatures reach steady-state 

at 115 days for all practical purposes. Initial conditions for the run were set to the expected 

steady-state temperatures; steady-state conditions would evolve rega.rdless of initial conditions, 

but it is bcst to use available cstimates. The convective layer temperature stays constant for the 

duration of the run, but NCL average dips a bit and movers. This is because some of the 

tempaabes m other beat sinks (namely, soil) do not have the correct steady-state profile. As 

the steady-state profile emerges in all heat sinks, the NCL average temperature increases to 

mughly the initial value. Liquid transfers h the condenser maintain waste at the o r i p a l  

level, as shown in Figure 5-2. 

5.2 Safe Stornee Loss 0fVentiIntion 

This lull is a restart of the safe storage, steady-state NU, exccpt with no ventilation. 

Temperature histories for the non-convectivc l a p  (NCL) top, non-convective layer average, and 

supematant are shown in Figure 5-3. Temperature histories start at 115 days, the restart time. 

and extend to 550 days. The supematant and NCL top temperature are very close and nearly lie 

on top of each other in the plot. Heatup is quasi-steady, in the sense both the convective layer 

and NCL have the same temperahre rise rate of abaut 0.25Wday. It takes over 200 days to 

boil, which occurs at 350 days and is evident by constant or nearly constmt temperatures after 

that time. Waste level is shown in Figure 5-4. %or to boiling, the level swells a bit as the 

tQlperature increases and liquid density decreases. Mer boiling the waste level dcrreasss, as 
inventory is lost. 
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Figure 5-1: SSSS Run Temperntnre Plotr for Convective Layer and NCL Avernge. 

Fignre 5-2: SSSS Run Waatc Level 
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Figure 5-3: 

SSLV Temperntnre Hirtorier for NCL Top, NCL Average, rad Convective Layer. 

Figure 5-4: SSLV Convective Layer Height 
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This heatup rate is about half that rtporkd for a m m a t i v e ,  p" Conduction analysis 

that did not account for either flow paths or evaporative cooling or sideward conduction; 

[Epstein, et al., 20001 Le., a value of O.WC/day is reported in Section 9. In SSLV, evaporative 

cooling is partially effective, as shown by Figure 5-5, which is a plot of the steam mass itaction 

in the DST headspace, provide3 the steam ma% fraction is less than unity. Steam mass fraction 

is very low for safe storage, steady-state conditions (5%), but it increases continually as 

ventilation is unavailable. Flow paths 6um the headgpace to the envhnment provide heat 

mova l ,  with most (roughly 90%) of the exit flow occurring in the "inlet" flow path because the 

path through the outlet, densex ,  m.. incurs large pres- drop. This suggests that the 

details of the flow path between the headspace and the exhaust stack are not important because m 

a loss of ventilation scenario, most of the exiting flow is Urmugh the inlet, which has a 

wmparatively mall pressm drop. Headspace pressure increases just slightly to 101,500 Pa for 

the duration of the run This means that the inlet HEPA filter will likely survive and perform its 

intended function, even though the model b m  accounts for filter p r e s m  drop and not 
decantamination factor. 

Aerosols are generated during boiling. Figure 5-6 shows the mass ofwaste aerosol in the 

envirament; this is the source term because t h m  is always very little waste in the annulus or 
the wndenser. As a function of time, the amount released is roughly linear. Releases are about 

0.06 kglday. 

Sensitivity m s  validate the model by repmducing the results of hand calculations and 

identify the m m  realistic f e a m  that differentiate tun SSLV €ium the prcviow results, namely 

evaporation, junction flow, and sidmard heat conduction. In the first sensitivity case. the SSLV 
nm was repeated with no junctions available for gas flow and termed SSLVI. In SSLVI, the 

heatup rate i n c W  to 0.28'Uday, but the headspace pressure became unrealistically high (two 

or thtw bar), an obvious consequence of eliminating flow paths 6um the headspace. The heatup 

rate in SSLVI is still considerably less than the wnservative hand calculation, 80 a second case, 
SSLVZ, was nm with no sideward heat conduction and the following models turned OR 
junctions, condensation, fog formation, and aerosol settling. Setting heat transfer areas 
connecting the annulus to the environment to trivial valucs eliminated sideward heat conduction. 

Heatup rate in m SSLVZ, 0.39°Uday, is in good agreement with the prior results (0.400C/day), 
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Figure 5-5: SSLV Headspace Steam Mlsr Fraction. 

Flgnre M: SSLV Waste Aeroaol Released to the Environment 

& h ~ L s u d n m -  
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which should be expted because SSLVZ uses the m e  nssumptions as simple hand 

calculations. 

Section 7.0 presents furIher vnificatianlvalidation of the results model and the mils 

obtained for SSLV. Section 7.0 compares DST a 1 0 1  thermocouple data for a degfaded- 

ventilation transient against HADCRT re3ults and demonstrates good agreement for waste 

hcatup rates. 

53 Retrieval Steadv-State 

This scenario has already heen discussed briefly in the methodology (Section 3.0). This 

run is just to calculate the temperature history for indefinite mixer pump operation with 500 c6n 

primary venliIation and no annulus ventilation. Waste temperature response is shown in F i p e  

5-7. Note that because the waste is mixed, the average NCL and convective layer temperature 

plots coincide. Starling fium the (assumed) initial mixing conditions for the rnn, waste 

temperatures reach steady-stale at 40 days for all practical purposes. Waste temperahues exceed 

the AB limit of 195OF (90.4'C, 363.6 K) at 18 days, but never reach the boiling point. Liquid 

hansfsrs Wm the condenser maintain liquid waste at the original level. as shown in Figure 5-8. 

In the retrieval scenario, all the waste is liquid and the level is 7.90 m (7.47 + 0.43 m), whereas 

in the safe storage scenario, the liquid waste level is 7.47 m and the NCL is 0.43 m. In the 
retrieval scenario, the NCL is made arbiharily thin (1 cm). 

Although not plotted, it is worth noting that the steady-slate value of DST headspace 

steam m885 fraction is 55.4%, which is muoh higher thm the steady-slale value in the SSSS 

scenario (6.5 %), as expected. The steady-stale wapte temperature and steam mass I%ction in the 

RETSS w e  prove to bc usell check for transients like the retrieval scenario @7!3TLVR). If 

primary ventilation is lost lniefly (several days), hut then recovaed, conditions must eventually 

rehun to the steady-slate described here for RETSS. Waste temperature should ntum to 94'C 

and headspace steam mass hclion should rem to 55.4%. 
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Rlgurc 5-2  RETSS Waste Temperahwe History. 

pigore 5-8: RETSS W ~ t e  Level. 
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Validation of this nm is dimmed in Section 7. Validation NILS use DST AZ-102. rather 

than the subjmt DST Az-101, because the results of a RETSS nm for DST Az-102 are available 

in [Crea, et al., ZMM]. HADCRT models for DST AZ-101 and DST AZ-IO2 differ only in waste 

properties. validation of the model with DST AZ-102 is applicable to DST A Z - I O 1  because 

with the mixer pumps opmting. the dBerencc in decay heat loads between the two DST is in 

trivial by comparison and the difference8 in waste properties are less significant because the 

waste is homogeneous. 

5.4 Retrieval Loan of Ventilation 
. .. 

This nm is a restart of the rekieval, steady-state nm, except with no ventilation. Restart 

takes place at 16 days, which is just before AB tcmprmture limits are exceeded in the RETSS 

run. Tempmture history for the supernatant is shown in Figure 5-9. As in the steady--state m. 

the NCL temperam is the s m e  as the supemataut temperam. T e m p a m  history stmts at 

16 days. the restart time, and extends to 40 days. Boilmg starts about eight days after the loss of 

ventilation. Figure 5-10 shows waste b e l .  Results are carried out for only another 24 days 

because the loss of inventmy m e w  that the salt wncentration in the liquid is cnntinually 

increasing and the liquid p’operties are not well-known at some pint .  

As in the SSLV case, the beadspacc pressure i n c w  somewhat, 101,900 Pa in the 

RETLV case, but not enough to threaten the integity of HEPA filters. ?Ilerefore, the 

assumption hcn that filter pnssure drop is acwuntcd for but dccontamination is not credited is 

very conservative. Mer boiling starts. the flow rate out the inlet is 0.181 kds and the flow rate 

to the wndmser and out the stack is only 0.026 kgls, which is as expected because pressure 

drops through the inlet flow path are much smaller. Also, condensation on the dome is about 

0.015 kgh af la  boiling starts. Thus, a mass balance shows that the boiling rate must be 0.181 
+ 0.026 + 0.017 = 0.224 kgls, which is in excellent agreement with a simple. a pnmi estimate 

given a8 total beat load divided hy latent beat of vaporization (500 kW divided by 2200 k J k g  

= 0.227 kgls). This hand calculaiion works because with the mixer pumps on, most of the total 

heat load is removed by boiling rather than by conduction. 
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Figure 5-9: RETLV Wuie  Temperature History. 

Figure 5-10 RETLV WaateLNel. 
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Aerosols are generated during boiling. Figure 5-1 1 shows the mass of waste aerosol in 

the environment; this is the source tcrm because there is always very little waste in the lomulus 
or the condenser. As a function of time, the amount r e l d  is roughly linear at a rate of about 

1.5 kg/day, rounded up. The waste release rate in RETLV aAer boiling i s  about 25 h e s  the 

same value fox the SSLV case. This is explained mainly by the difference in total heat load: 

71 kW in the SSLV case, versus 500 kW in the RETLV case. Aerosol release rate is the pmduct 

of DST headspace aerosol urncentration and the exiting volumetric flow rate. But both of these 

factors vary (increase) with boiling flow rate, which is directly pmportional to total heat load. In 
the steady-state, the exiting mass flow rate is qua l  to the boiling flow rate. Aerosol 

concentration in the DST headspace is a complicated function of sedimentation area, aerosol sizc 
distribution, temperature, etc., but clearly the m s o l  concentration increase with increasing 

boiling flow rate. everything else held consmt . As a result, the aerosol release rate varies 

exponentially with the total heat load. 

5.5 

This sequence is a nstart of RETLV. but with primary ventilation and condensate 

recirculation recovery. It models recovery afler boiling starts, with the intent of secing how 

reulycry affects the waste temperature and source term. For the three retrieval sequences, a 

timelinc is as follows: 

Exceed the AB temperature limit at I8 days Wun RETSS), 

Start to boil at 24 days (Run RETLV, which restarts at 16 days with loss of 
primary ventilation and condarate &dation), and 

R ~ V R  primrvy ventilation and condensate recirculation at 26.5 days (Run 
RETLVR). 

In RETLVR, primary ventilation is rcmvere.l at SO0 c h  and condensate recirculation is 

recovered at a volumetric flow rate of O.OOO2 m3I% which is about equal to a priori boiling rate of 

0.227 kgsec. This choice is somewhat arbitrary, but it is reasonable because we know the 
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FXgure 5-11: RETLV Waste Aerosol Released to the Environment 

Pdra.a!wudyn(ula 

Ir. 

ventilation system can operate at this flow rate.. Condensate recirculation starts about 10,000 

swnds after ventilation is mvercd; this delay maker the restart easier numerically. 

As shown in Figure 5-12, waste tempemhue starts dropping immediately, which means 
that boiling and acrosol production stop. Waste temperature drops immediately hccausc primary 

ventilation clears the headgpace of steam and allows evaporative cooling. Steam mass fraction m 
the headspace is shown in Figure 5-13, Section 5.3 notes that steadystate waste tempera- and 

headspace steam mass fraction values in the RETSS scenario are 94°C and S5.4%, respectively. 

For the RETLV scenario, Figures 5-12 and 5-13 show that aRer 20 days, waste temperature and 

headspace stcam mass fraction have returned to nearly the steady values wed for RETSS, as 
must be the casc if inputs and the mcdel are comet, 

Waste level is shown in Figure 5-14. At the time of restart. the waste level is at 7.82 m, 
which is less than the initial value of 7.90 m bccauss boiling has occumd for a few days. The 

stcep negative slope at mtart is caused by the delay in introducing condensate recirculation and 
reflects continued evaporation. In the figure, the waste level actually spans a small range - 
between 7.64 and 7.84 m. The slope is still negative up to 35 days, which indieater tha~ it takes 
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Figure 5-12: RETLVR Waste Temperature Hlstory. 

Flgure 5-13: RETLVR Headspace Steam Ma- Fraclion. 
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Ngure 514: RETLVR Waste Level. 

time for the fixed recirculation rate to catch up with evaporation. Eventually, the condensate 

addition rate exceeds evaporation, which declines as the waste coola, and waste level ~ecovcrs. 

Lkspite the a p m c e ,  the plot’s narrow waste level span shows the assumed boundary 
condition for condensate recirculation (set roughly equal to boiling or evaporation rate) has been 

applied correctly. 

The amount of waste released to the environment initially increases once primary 

ventilation s t m ,  but remains constant after boiling stops. Figurc 5-15 shows that at first, the 

ventilation flow expels waste m s o l  to the environment, but once boiling stops, there is no 

longer any waste m s o l  in the headspace. 
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Fignre 5-1s: RETLVR Wrste Aerosol Released to the Environment. 
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6 0  RESULTS AND CONCLUSIONS 

Heah~p and source tenn calculations have bcm performed far both safe storage and 
retrieval scenarios. The main conclusions are listed below. 

Time to saturated condition (boiling) calculations performed here for the safe 
storage scenario without ventilation show that previou~ calculations are 
conservative by about 50%. That is, it takes about 50% longcr than suggested by 
simple hand calculations. Statling 6vm safe storage conditions it would take 
about 200 days to get to saiurated conditions. 

Under the safe storagc scenario (no mixer pumps), the source term is about 
0.06 kg per each day of boiling. 

Time to hiling in the rltricval scenario (two mixer pumps apcrating at full sped) 
is about eight days after loss ofventilation. 

Under the retrieval scenario, the source term is about 1.5 kg per each day of 
boiling. 

Rnovery of primary system ventilation quickly dcnrascJ the waste temperahue, 
thereby halting boiling and aerosol generation. 

6 - 1  onober 2001 
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I 7.0 HADCRT DST THERMAL MODEL VERIFICATION 

7.1 EADCRT - GOTH SNF Comvarisou 

To verify that the HADCRT code can be used to model DST thermal transients, 

HADCRT results are compared against the GOTH-SNF results of [Crea, et al.. 2000]. From this 
reference, we use "Case 6" which can be described as follows: 

Mixer pump operation for 36 days, 

Primary ventilation flow rate is 500 cfin, 

Annulus ventilation flow rate is zero cfm, and 

Inlet air temperature for the primary ventilation system is 82OF (28'C). 

I 
Case6wasanslyzedforDSTAZ-IO2,ratherthanDSTAZ-lOl. 

In this section, Case 6 was modeled with HADCRT 1.3. To the extent that the 

GOTH-SNF code has been validated, the comparison made here with DST AZ-102 validates 

that the d e  and models are appropriate for thermal analysis of tnosients dnring retrieval. It is 

then a matter of verifying that the inputs for DST &IO1 are correct. A first step is to vaify 

that the inputs for DST AZ-101 are c o m t  in the safe storage scenario. This is done by showing 

that safe storage conditions can be reproduced (Sections 3.0 and 5.1). comparing code d t s  

against hand calculations (Section 5.2), and actual DST tempera& data for ventilation flow rate 

transients (Section 7.2). Once the verification is established for the safe storage scenario, DST 

A z l O l  retrieval scenario inputs for waste propetties and heat load can be compared to safe 

storage values. 

GOTH-SNF results for Case 6 are shown in Figure 7-1. ' h e  figw shows important 

tempnatures for mixer pump operation in DST &102. Between time m u  and 34 days, thc 
GO'E-SNF code is modeling safe storage, steady-state conditions. Mixing occurs between 34 

and 31 days, as evidenced by the temperahues converging to a single mixed value. Mixing 

I 
! 

FAVOI-42, Rex I 7- I oerober 2001 
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Flgure 7-1: Critical Waste Temperntares (Cue 6) [Crea, et aL, 20001. 

FMfll-42, Rw. I 7 - 2  October 2001 
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FAIBI-42, Rev. 1 7 - 3  

continues to 70 days, at which h e  the mixer pumps are shut off and ventilation is lost. Times 

bcyond 70 days will not be considered here. 

Nomenclature for Figure 7-1 is as follows: ‘TI” is the convective layer temperahue; 

‘TP’ is the maximum waste tempmhne; ‘TY is the instantmenu8 mhd-waste tempcraw, 

and ‘T4” is the mixed-waste, steady-staie temperature with mixer pumps operating. For the 

period bctween 0 and 34 days, these values are T1 = 12S°F (S3T), R = 206°F (97T), and T4 

=195’F (90.6T). HADCRT does not calculate T3 directly and this temperature is not 

c o n s i d d  as part of the comparison. 

HADCRT inpnt for DST AZ-102 runs will not be discussed in my detail here. The 

HADCRT heat sink nodalization is very similar to that used for DST AZ-101 and described in 
sections 4 and 9, except that waste pmpcrties reflect DST AZ-102. Input files are Listed in 

Sections 8.6 and 8.7. 

Calculations are broken down into two phases: steady-state safe storage, as shown in 

Figure 7-1 by the duration betwecn 0 and 34 days; and the mixer pump operation, which is 
shown in the figure by the duration betwcm 37 days and 70 days. The steady-state phase is 

considered first. 

An initial calculation was made using the regions and junctions shown in Figure 2-1 and 

the heat sink nodalization in Figure 2-2, but with DST A z l O Z  waste pmpaties (See Section 

8.6). Initial t emptu res  were set to the expected steady-state values shown in Figure 7-1 to 

minimize mn t h e .  Resulting temperahues are as follows: TI = 52.5’C and T2 = 99%. Note 

that T4 is irrelevant for the W phase of calculations, and that for mixer pump opadtan, there is 

only one waste temperature. Plotted HADCRT tempnatures would be Straight lines and rue not 

presented. At 58 days, code output for the NCL temperature distribution (“C) is &F follows: 

HSB 9 lconyt to  52.5611 53.023 57.943 62.584 66.944 71.025 
74.827 78.349 81.593 84.558 87.244 89.652 91.782 
93.634 95.209 96.505 97.525 98.267 98.732 98.920 
98.831 I insulated ) 
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This output shows the boundary condition at the top, “lconvt to 

convective layer temperature. The 0th~ boundary condition “ 1  

that the non-convective layer is part of a composite heat sink and is conjoined with the liner. 

52.561)”, which is just the 

insulated ) ”  shows 

A calculation for indefinite mixer pump operation was -also made. See Section 8.7 for 

input. HADCRT results are shown here as Figure 7-2 and can bc compared to Figure 1-1. 

HADCRT does not have a mixing model, so the initial mixed waste temperature was an input. 

Figure 7-2 is in good agreement with Figure 7-1 for the interval between 37 and 70 days. 

HADCRT predicts a steady-state temperature of 9I0C at roughly 30 days a h  the start of 

mixing. The headspace temperature predicled by HADCRT is 84T ,  or 183’F, which is also in 

gccd a m e n t  with the peak value shown in Figure 7-1 for ‘Dome Air”. 

Thesc calcul~ons taken together verify lhat HADCRT is an appropriate tool for DST 
thermal and SOUICC term analysis, and that the nodatization shown by Figures 2-1 and 2-2 is 

sufficient. 

7.2 Vllidnlion and Verification Ae.inst DST A z l O l  Waate Temwratnre Data 

DST A z l O l  thermocouple data recorded during operational transients that took place 

belween mid-May, 2031 and September 2001 provide excellent data to ValidateJverify both the 

code and inputs. This experience is not formally documented, but relevant operating logs, 
weather data, mmmunications, etc., arc either described in this section or included in 

Seclion 9.0. A plot of DST wasle temperatures during the subject period is shown hen as 
Figure 7-3. Clearly. the cooler temperature values represent the supcmatant while the high 
temperature values represent non-convective layer spots. With respect to this plot, the main task 
is for the code to rrpmduct healup rates as a function of bo@ conditions, m e l y  ventilstion 

flow rale, and temperature differences between the supernatant and points in the non-convcctivc 

layers. 

FNDI-42. Rev. I 7 - 4  Ocroba 2001 
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I 

Flyre  1-2: HADCRT Resnlb for DST AZ-102 Wnste Temperamre During Mirlag. 

FAvDI-42, Rev. I 7 - 5  oerober 2001 
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I 

Figure 7-3: DST A z l O l  Thermocouple Dee from May 17,2W1 to September 10,2001. 
(Temperature ir in OF.) 

FM/01-42, Rev. I October 2001 
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7.2.1 DST Ai5101 Operating Hiatory Between Mid-May 2001 and September 2001 

To understand how the data can be used to ValidaWverify both the model and the code, 

we tuSt describe DST AZ-IO1 operation between mid-May and mid-August. Steady-state runs 
(SSSS.DAT and RETSS.DAT) show large ventilation rates are n d e d  to maintain steady-state 

tempentures, which means that degraded ventilation flow rata  lead to temperature transients. 

Operating history, included here as part of the "Communications" section, can be summarized as 
follows: 

Between mid-May and July 16", a recirculation fan bearing fail= limited the 
AZ-101 ventilation flow rate to 100 cfm, 

The fan bearing was replaced on July 16" and &IO1 flow rate increased from 
100 cfm to 300 cfm and 

From July 18" to August ZO', the AZ-io1 Ventilation sysiem operated in 'Xgh 
heat mode" at 450 cfm. 

', , 

High heat mode means that headspace gas is directed to the common exhaust system with no air 
returning to the tank. The HADCRT nodalization in Figure 2-1 reprmenis the high heat mode, 

which has also been described as the "oncbthrough ambient air" mode in [Crea, et al., 2000]. So 

the HADCRT DST nodalization is only approximate for the recirculation made, w b m  80% of 

the air stream from the condenser is returned back to the DST. 

The period after August 18" is ignored because it appears to be a repeat of the cycle 

between mid-May and August 18'. It is enough to validate one heatup and Moldown transient 

each. 

Mid-May initial conditions for tbe waste are not particularly important, other than to note 

that because of mixer pump operation in May 2000, ihe NCL is not uniformly distributed, h- 

the ALC 048 plot that lies above the others. l h i s  thermocouple location is a hot spot where the 

NCL is relatively thick. But if we are interested in validating heatup rate, it suffices to note that 

the heatup rate is everywbcrc much the same. All the tempemhue histories in Figure 7-3 have 

the s m e  slope; each laaks much like a translation, up or down, of the other. 

FMtlI-42, Rev. I 7-  7 October ZWI 
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11.1 EADCRT Inpat Film lor vllld.tlonlYeriflntion va. DST A Z l O l  Reeorded Waste 
Temperatnrea 

Two validation ~ n s  are made. The first is termed SSDEGV and covers the pericd 

W e e n  mid-May and July la", where ventilation is degraded to 100 cfm. The m n d  run 
(SSDEGVZ) is a restart of the first and covers the period from July 19" to August 19'. where 

ventilation flow rate is 450 cfm m the high heat mode. Strictly speaking, the Ventilation flow 

rate is 300 cfm on July 16" and 17', but this detail is neglected. Because thermal time constants 

for DST transients M expressed in weeks or months. a change m boundary conditions that lasts 

only two days is unimportant. 

. .  
SSDEGV is a restart of the steady-slate, safe storage run (SSSS.DAT) at 115 days, with 

thrre changes: (I)  total heat load is 61 kW - a best-estimate (refa tosection 9.0 for updated 

heat loads). (2) the ventilation flow rate is 100 cfm, and (3) site w&&r data is used for the 

ambient boundary condition. These changes are appropriate for a best-estimate validation, rather 

than a conservative source term analysis. The easiest way to describe SSDEGV.DAT is as a 

difference listing with respect to SSLV.DAT - the loss of ventilation scenario starling from safe 

storape, steady-state conditions. This is shown in Section 8.0. To create SSDEGV.DAT, waste 

pmperiies (decay heat m the liquid and volumetric heai generation m the NCL) were updated, the 

ventilation flow rate was changed from 0.0 to 100 cfm, and the actual avenge temperature 

during the relevant time period (UT or 72'F) was input instead of the c o m t i v e  28'C value. 

End time in the input files is 230 days (a 115 day long run), although the duration is not 

important as long as we establish a heatup rate. 

SSDEGV2.DAT is a restart of SSDEGV.DAT at 230 days, and runs to 277 days. Again 

the duration is not imporlant as long as we can compare the predicted cooldown rate to the DST 
AZ-101 TC data. To create SSDEGV2.DAT from SSDEGV.DAT, all that is w n i d  is to: (1) 
change start and end times, (2) spaify a restart file. and (3) change the ventilation flow rate from 

100 cfm to 450 cfm. These steps are shown in Section 8.0, which contains a d i f f m c c  listing of 

SSDEGV.DAT with respect to SSDEGVZDAT. 

FNmI-42. Rev. 1 7 - 8  October 2001 
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7.3 

I 

73.1 Degraded VenUlation Heatup - May I f ’  to July 18*, 2001 

Figure 7-4 shows results for the SSDEGV scenario. Validatiodverification consists of 

comparing the s l o p  (heatup rates) shown in Figure 7-4 against those in Figure 7-3. Figure 7-3 

shows a hcatup rate of 0.12 to 0.13Wday (0.2Z°F/day) during the degraded ventilation phase. 

Figure 7-4 shows the following temperatures: convective layer, NCL top, NCL bottom, and 

NCL average. Underneath each tempeatwe history is a linear regression m e  fit for slope. 

which is heatup rate. Heatup rates vary between 0.13 and 0.16°Uday, and represent reasonable 

agreement with the data 

The 6rst few days of the heatup transient actually result in a minor temperature dip, hut 

this is entirely predictable. The brief dip in tempaatrrre stuns fmm a restart of SSSS results at 

115 days, which were developed with inputs of 71 LW total heat load. Since the restad uses 
61 kW total heat load. temperame profiles adjust over the c o w  of several days. Becausc we 

are interested in the long-term slope, this temperature drop is not a concan. Indeed, the dip 

indicates correct response, given the input heat loads. 

Predicted temperame profiles should match the data in Figure 7-3. Figure 7-5 shows 

two tempmature profiles: the top curve is the NCL tempaatrrre profile at 230 days. and the 

bottom curve is the NCL tempaatvre pmfile adjusted to match the convective layer t e m ~ t u r e  

on July IS’”, which is 67.8-C (146.7’F). The plots, which are in degrees Fahrenheit for ease of 

comparison, extend from the bottom of the NCL to a depth of 30 inches. Above 17 inches (the 

convective layer). the temperature is constant. Both analysis and data indicate that the 
temperature d i f f m c e  between the convective layer and any point in the NCL is always 

constant. Subtracting 7.3’F from the fust profile results in the s m d  temperature profile. which 

can then be compared directly to Figure 7-3. 

Comparing Figure 7-5 to 7-3 shows that “ALC 048 I AY-AZ SYS 4 In” temperame is 

about 17S°F on July 18*, while the adjusted curve on Figure 7-5 shows a peak temperature of 
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Figure 74: HADCRT Result8 for the Degraded Ventilation Scenario. 
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Pipre 7-5  HADCRT Resnltj for NCL Temperature Distribution. 

F m l - 4 2 ,  Rev. I 7 -  I 1  Ocfober 2001 
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172'F. Figure 7-5 shows the d e  predicts 17I0F at 4 inches and 158°F at 14 inches. This is fair 

agreement with the data of Figure 7-3, which shows that, on July 18". "Riser 057 2 AY-AZ SYS 
14 In" temperature is 160°F and 'aiser ALC 052 1 AY-AZ SYS 4 In" temperature is 165'F. 

HADCRT fails to predict the "hot spot" data but otherwise overstates NCL tempemhues a bit. 

This is not unexpected, however, bccause no effort was made to account for a non-uniform 

sludge distribution. 

In summary, HADCRT predictions for waste heatup rate during degraded ventilation 

transients are in good agreement with DST thermocouple data. Redictions for healup rate are 
only slightly conservative. Predictions for the NCL temperature distribution are only fair 

because the waste is not a uniform slab, as modeled, and actually exhibits peaks and valleys in 

the aftermath of mixing opmtions that took place in May of 2ooO. This docs not alter the 

conclusion that hcatup rate can be accurately estimated using the methods and models described 

here. Knowing the current waste temperalure distribution (initial conditions) and a degraded 

ventilation flow rate. the time to boiling can be accurately estimated. 

7.3.2 High Heat Mode Cooldown - July 19" to August 22.q 2001 

Figure 7-3 shows the tempn;lturcs after July 19', waste twperaturss remain roughly 

constant for several days and then decline until August 22". The reawn waste temperahues do 

not all respond immediately is because of the thermal time constant of the sludge, which is about 

9 days if one uses the properties and NCL thickness shown in the input files. In other words, it 

takes several days for waste temperatures to "turn around" in response to the increase in 

ventilation flow rate. Cooling rates were found h m  regression analysis of the temperature data 

between July 2 9 ~  and August 22*. and can be summed up as follows: (1) convective layer 

temperature decreares by 0.18°C/day, (2) NCL tempaatures between 4" and 14" from the 

bottom dccrcase by 0.15 to 0.18°Uday, and (3) the hot spot tcmpcratun decreases O.lZ°C/day. 

Figure 7-6 shows code predictions for the followiug temperam:  (1) convective layer, 

(2) the NCL bottom, (3) the NCL average, and (4) the NCL top. As before, the CL and NCL top 

FMh31-42. Rev. I 7 -  12 ofrobor 2001 
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Figure 1 4  

HADCRT P r e d h s  ior Wwtt Cooldown During the Sigh Heat Mod% 
July 19” to August 2Znd, 2001. 
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temperatures am very close to each other. Resdts of a l i m a  ngiessiw analysis am placed 

above each temperahue histofy. The absolute value of the slope is the cooldown rate. 

Figure 7-6 shows reasanahle predictions of cooling rates and response time for the hottest 

p a  of the waste. The predicted cwldown rate for the convective layer (O.ZO°C/day) is greater 

than the actual one (0.18DClday), but the cooldown rate for average NCL temperature 

(0.14°C/day) is in good agxeeme6t with that for NCL temperature data at 4" and 14" from the 

bottom (0.1 5 to 0.1 S'C/day). Note that m Figure 7-6, the NCL bonm does not begin to respond 

for abaut seven or eight days, which is cxpeded, based on the sludge time constant. At the NCL 

bottom, predicted cooldown rate is O.OS'C/day. This may be regarded as a bit consentative, 

considering that the hot spot location cools at a rate of 0.12°Uday, but the correspondence 

between the hot spot data and the predicted NCL bottom' temperature is not exact. 

FAI/OMZ. Rev. 1 7- 14 October zoo1 
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9.0 COMMUNICATIONS 

9.1 PrelimInsrv Scenario Deserivtions 

PI-: Grant-W-Ry?.noRL.gov 
Sent: Friday, March 23, 2001 9 : 0 9  ?A 
TO: malinwicOfauske.com; plys0fauska.cOm 
CE: J-M-Mike-Grigsbyarl. gov; Robert-S-Bob-Cashmrl .gov; 
Grant-w-wanorl.gov 
Subject: Detailed Task DCBCriptions for Revised Tank Bump h l y s e s  

Importance: High 

Marty and Boro, 

Included below are detailed deecriptions of the tieb related to rcvieing the 
tank bump analysim to address Waete Feed Delivery operations and activitieB. 
After reviewing the task descriptions included below, I would appreciate it 
if YOU would let me know how long li.e., somewhat specific dates1 when draft 
results would be available. To s-rt OUL AuguBt eubmittal date we need 
firm reaults by mid to late April lor earlier if poeeiblel. 

Please let me know as smn as poasible if you need additional information to 
be able to complete these tasks. 

The Faueke Analysis Scope 

The following items need to be analyzed for inclusion in a reviaion to RPP- 
6213. Hanford Waste Tank Bvmp Accident and Consequence Analysis: 

1. Consequence aoalysie Of boiling waste. Conaider the unmitigated 
scenario where mixer pumpe are allowed to run for u t m d e d  periods of 
time after a loss Of ventilation (primary tank and ~ n u l u ~ l .  Initial 
thoughts are that this scenario will not produce consequences exceeding 
those Of a safe storage tank bump. Documentation Can be Btructured as 
an appendix to RPP-6213. specific acenarios to be analyzed are: 

Unmitigated Scenario dl: 

Mixer pumps are operating, ventilation is operating, temperature 
of waste is at 191 F (everything is within current AB controls)). 
Ventilation fails. pumps keep operating. vaate heats up to 
boiling, HEPh LIatUrate and fail (take no credit for HEPA 
filtrationl, headspace aerosols are released with steam. 

meociated asamptima: 

(I heume. if necessary, that the ventilation flow rate from 
affected tank is 500 cfrn l1/2 of total SyBtem capacity). 

~~1rn1-42. ~ e v .  I 9-  I October 2w1 
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Unmitigated Scenario 12: 

Extended mixer pump operation heats waete to boiling while 
ventilation system is operating with no HBPA filters in place. 

Assumptions from above would apply, LLB appropriate 

[This scenario vould sstimate the maximum consequencee that could 
be expected from the aerosols generated from boiling waste and 
expelled to the atmspherc by the active ventilation system. 
Additional information on the Bystem related to ductwork aize, 
ahape, lengths, at=., Can be determined later if neceesary. I 
expect that the stack height will result in consequences not 
requiring additional refinement.1 

Unmitigated Scenario #3: 

Extended mixer pump Operation heate waste to near boiling while 
ventilation system is operating and mixer pumps are etopped to 
recover from increased waste temperature (T > 195 P). 
ventilation system fails at this point and the waste hegins to 
boil. Several days are required to restore ventilation 1-7 days 
B B  assumd in the safe storage tank bump), allowing aerosola to 
escape from the tank because the headapace is pressurized f r m  
the boiling waste. The ventilation Bystem is repaired and 
restarted to recover waste temperature, however, no HEPA tilter-8 
are in place and the increased aerosol loading in the hoadepace 
is exhaueted ill for a set period of time; or 12) until the waste 
is no longer boiling land creating aeroeolsl. 

Assumption8 from above would apply. as appropriate. 

[This scenario would estimate the maximum consequences that could 
be expected from a combination of boiling vastelno ventilation 
and boiling waste/active ventilation. We may be able to t m c a t e  
this analysis to just address the boiling Wasteho ventilation 
option depending on the result# of Scenario X2.1 

Relociee Duration for All Identified scemrios 

The releaae duration is still to be determined. For a11 
scenarios, do a releaae V B .  time for more than 24 hours. we will 
than finalire the duration, as appropriate, after reviewing the 
calculatione. 

2. Considexation of a range of initial waete conditions 1i.e.. fully mixed 
to partially mettledl upon loea of primary tank and annulus 
ventilation. The fully settled came is already addressed in the eafs 
etorage tank bump analyeis. The intent is to determine the "worst" 
case waste Eonfiguration and la1 Confirm that the consequences 
resulting from thio waste Configuration are still hounded by the sa€= 
storage (fully settled) end state; ihl determine a new heat-up rate 
equation; and (c) determine iL the current surveillance frequency in 
L M  3.3.2 rcmainli adequate 01- would need to be adjusted. 

3. New appendix in RPP-6213 to directly addrees the Verification and 
Validation of the computer ~ c d e ( a )  used to aaaees tho phenomena and 
consequences of the tank bump accident 1e.g.. m C R T 1 .  Thie item ie 

9-2 October 2WI 
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being included to SddreBS M upcoming letter to the Contractor 
regarding the VLV of codes w e d  for accident analysis PUIPOseQ. 

Technical justification that the frequency of a tank bump during Waste 
Feed Delivery activitiea and opperationa ie not qualitatively higher 
than the frequency of the went during safe storage (currently 
established to be 'unlikely"). 

4 .  

Qrant W. Ryan 
Phone: (5091 376-5114 
F a :  (5091 316-5196 
Pager: 85-5913 

From: Qrant-W-RyanaRL.gov 
sent: Monday, May 1 4 ,  2001 7:43 AM 
To: mlinoviCPPauske.COm 
cc: J_H_nikeprigsb~rl.gw: Grant-w-Ryanarl.gov; PlyBaPaUskC.cOm 
Subject: Tank Heat-up AnelyBes 

Importance: High 

mro, 

I've talked with Mike this morning and we think that if we can get the 
following pieces Of information on the tank heat-up came8 we can atart to 
button thiti up: 

1 .  Re-establish the heat-up rate for Tank 241-AZ-101 aseuming no 

2 .  Establish the heat-up rate for Tank 21l -A!- lOl  with mixer pumps 

3. Determine the waste release rate (e.9. .  kg/hr) from the Wmber (1). 
1. Determine the waste release rate From Number ( 2 ) .  Pzom your previous 

ventilation and no mixer pumps operating. 

operating and no ventilation Bystem operating. 

correspondence, I believe this is approximated to be -2 kg/day. 

we have decided not pursue any additional analyees for Saenario 1 3 .  

Grant W. Ryan 
Phone: (509) 376-5114 
Pax: (509) 376-5396 
Pager: 85-5913 

9.2 Heatno Calcnhlion for Az-101 Undated Heat Load 
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1 

Sum 71,947 

Updated raleul.tiaa of Heat Lord (Q) for Tank Z41-*zrlOl 

Sr-90 4 . m a  0 . W  31.930 
Cs-137 5.99Et06 0.00472 28279 
Am-241 2.63E+C4 0.0328 863 

SUm 61.072 

RadIonUcLide Wute Itwentory -1Blnl h a y  H-l WICO Heat Load ON) 

Hdf4iCe Crr) 
SI-90 = 29.1 

Cs-137- 30.17 
Am241 - 432.7 

Dk.ytimc(l/1/94 to lnl/ol) = 7.083 yr 

9.3 Euhll, Calculation for Ai5101 Orteinal Heat Load 

C d c ~ U o n  ofHeat Load (Q) from CHG L * 1 v 7 K N ~ G F 4 6 2  (forTamkUI-AZ101) 
R.dbnwUdr Wmb Inventon, - lnlu Dezq Eleat WKI) Heal Lmd m 

sr-90 5.65Et06 0.00669 37,799 
0.137 7.05Eto6 O.CC472 33,276 
Am241 2.66Eto1 0.0328 872 

SUm 71,947 

Upd.t~c.lerl.tlolofButL..d(Q)fwTuk241-*2101 

Sr-90 4.77Et06 0.- 31,930 

Am-241 2.63Et04 0.0328 863 
sum 61,072 

R.dionocllde Waste Invclltory -1/31~1 Ik”y Hnt (WlCl) H-1 Load 

-137 5.99Em 0.W472 28,279 

u.11we (yr) 
sr-90 - 29.1 

cI.137= 30.17 
Am-241 = 432.7 

Dcuytime(l/1194to lBl/Ol)- 7.083 yr 

HoaGup mte (Equation h m  F.uske mnm) 
UUdt = 0.0067 Q .0.0774 Uday 

F m I - 4 2 ,  Rev. I 9- 4 odo6er 2001 
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9.4 I I IDU~ for Validation I Verification 

Prom: Grant-W-RyanBRL.gov 
Sent: Wednesday. September 19. 2001 11:46 AN 
TO: malinwic0fauake.ca 
subject; PW: 200E temperatures 

Bow, 

Here are more temperature data files lfoe Au 
you need additional ventilation Bystem data? 

Grant W .  Ryan 
Phone: 15091 376-5114 
Pax: (5091 376-5396 

~ .~ 
Pager: 85-5913 

st an September 20011. w 

._.__ Original Heasage----- 
Prom: Burk, Kenneth W Imailto:k~n.hurkopnl.govl 
<milto: Inailto:ken.burk~nl.sovl> . .  
sent: wodnesdlly, septe&r 19, 2001 9 : 3 5  IUI 
To: Ryan, Orant W 
subject: ~5 :  200E temperatures 

F m :  Ryan, Grant W 

To: Burk;. Kmmeth W 
sent: wednosday, September 19, 2001 9:19 AN 

Subject: RK: ZOOE temperatures 
Importance: High 

Ken. 

could you send me similar temperature data files for August and Sopternbar 
20017 

Grant w. Ryan 
Phone: 1509)  376-5114 
Pax: (509) 376-5396 
Pager: 85-5913 

..__. Original Meaaage----- 

FAIMI-42, Rev. 1 9 - 5  OCIober ZOO1 
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Prm: Burk, Kennetb W Imailto:ken.burkPpnl.govl 
<mailto: [mailto:Ycn.burkPpnl.govl> 
Sent: Wednesday, September 0 5 .  2001 12:24 PM 
TO: Ryan. Qrant W 
Subject: 2008 temperaCUrCS 

Qrant. 
This is a load of data, but it was easier for me to give you the 15-minute 
averages, which includes wind data that you probably don’t want. 
data andlor erronmou~ dGFa Will be OhviouB. 
If you have any question8 juBt let me know. 
delimited files. 

Missing 
Temperaturee are in degrees P. 
These arc ASCII text, coma 

<< Pile: rqto6.may >> c< Pile: rqtoS.jun >, cc Pile: rqt06.ju1 >> 

Ken Burk 
mail: ‘mailto:ken.burlcopnl.gov, ken.burkopnl.gov 
chttp://nme.rl.gov> htcp://hms.rl.gov on site 
~htt~:/lCtd.Dnl.sov:2o~O/RHSr httu://etd.unl.gov:2080/HnS Off Site 

Prom: Grant-W-RyanRRL.gov 
Sent: Wednesday, September 05, 2001 2:52 PM 
To: Malinovio 
Subject: PW: 2OOE temperatures 

BOrO, 

Here i 8  the weather data that you have been waiting for. 
if you need additional info. 

Grant W. Ryan 
Phone: (509) 376-5114 
pax: (509) 976-5396 
Pager: 85-5913 

Please let me know 

.____ Original Mensage----- 
P T m :  Burk. Kenneth W [mailto:ken.burk@pnepnl .govl 
~mailto:Imailto:ken.bur~nl.aovl~ . -  
Sent:  Wedneeday. September 0 5 .  2001 12:14 PM 
To: Ryan. Grant W 
subject: 200E temperafuren 

Grant, 
This is a load of data, but it was easier for me to give you the 15-minute 
averages. which includes wind date that you probably don’t want. 
data and/or erroneous data will be obvious. 
If you have any question# j w t  let me know. 
delimited files. 

Misaing 
Temperatures are in degrees P. 
These are ASCII text, cmmm 

<<rqtos.may>> <‘rqtOS.+In>> .CrqtOS.jUl.> 

OcIober ZOO1 F m I - 4 Z s  Rev. I 9 - 6  
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-.- 

email: <Miilto:ken.burkBpnl.gwi. ken.burkopnl.gov 
<http://bma.rl.gws http://hms.rl.gov on site 
<http://etd.pnl.gov:2O8O/AMS~ http://ctd.pnl.gw:2080/AMS Off Site 
15091373-3215 

email: <Miilto:ken.burkBpnl.gwi. ken.burkopnl.gov 
<http://bma.rl.gws http://hms.rl.gov on site 
<http://etd.pnl.gov:2O8O/AMS~ http://ctd.pnl.gw:2080/AMS Off Site 
15091373-3215 
Xinford Meteorological Station ( " S I  
Battelle - PNNL 83-91 

Prom: OranC-W-RyaMEL .9ov 
Sent: Wednesday. July 1 5 ,  2001 6 : 4 3  PM 
To: maIinovicwfauske.com 
cc: Grant-w_Ryan@rl.gov; J-M-Mike-GrigsbyDr1.gov 

..Subject: Temperature Data for Tank 241-1.2-101 

Importance: High 

BOrO, 

Included in the attached Excel files izipped) is the temperature data that I 
have been able to gather foe Tank 241-1.2-101 f m m  the time period of July 1, 
1999 to July 25, 2001. =so included in the Word file is a key to show you 
where the themcouple is located 1i.e.. riser number and vertical position 
in the tank, as measured from the bottom Of the tank). I am also faxing you 
a copy of the plan view of the tank Showing the riser penetrations. 
aid, I have circled the risere with active thermocouples. 

Ale0 included in the Bxcel files in temperature data for the thermocouples 
that have been embedded into the concrete surrounding the tank. I do not 
have a detailed map Of where these are located in the tank. 
that thia would be important for what w arc trying to do now. 

I am still working to get the exhaust flow rate data and air temperature to 
the inlet of the condenaer. I expect to have that tmrxow. 

Please let MC know if you need -re info. 

As an 

I didnlt think 

<<Riser and TC Data Key.doc>> crA2-101 Temperature Data.zip>> 

Grant W. Ryan 
Phone: ( 5 0 9 )  376-5114 
Pax: 1509)  376-5396 
Pager: 85-5913 

Prom: Grant-w-RyaneRL.gov 
Sent: Monday. August 27, 2001 3:15 PM 
To: maiinovicmfauske.com 
Cc: Grant-W-€!yanarl.gov 
subject: More data for thermal analysea 

Importance: High 

FMLll-42, Rev. I 9 -  7 Ocfoba 2001 
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BOrO, 

Here 

April 23, 2001 - Recirculation fan hearing failure in 702-AZ ventilation 
is a summary timeline Of events: 

&stem (for ~ ~ - 1 0 1 ) .  
- ventilation flow for Rz-lo1 maintained at -100 cfm. Temperature 
increase noted. ~~~~ ~~ 

July 16, 2001 - Recirculation fan bearing repaired and ventilation €law 
increased from 100 cfm to 

July 18, 2001 - Ventilation system switched to high heat mode for Tank 
211-AZ-101. 

Here ie a description of the ventilation system modes: 

-300 cfm for Tank 211-1\2-101. 

Primary Tank ventilation System. The primary tank 
.ventilation system for the tanks in the 21l-AZ/AZ Tank FamB incorporatea 
individually controlled air inlets. independent cooling systems ti.=., 
Recirculation Ventilation Cooling Systemsl, and a c-n ventilation uhau8t 
to maintain headspece confinement in the AWF tanks. 
of the 241-A2-702 ventilation aystcm is found in Figure 2 - u .  

A functional overview 

The primary tank ventilation off gas from each tank 
ie exhausted through a flow Control valve. proceaaed through a condenser, 
high-efficiency mist eliminator (KIWEI, heater, and then tiltered through 
two HEPA filters and a high-efficiency gas adsorher ( H E W  filter before 
being released to the cnviroment through a stack. 
redundant to maintain negative tank pressures during anticipated maintenance 
ehutdowns or component failure. 

The filter/fan train is 

The Bystem has three operating m d e s  which are 
manually established: 1) recirculation (Figure 2-ul, 2) bypass 
I F i ~ c  2 - u ) ,  and 31 high heat (Figure 2-u). The alignment Of the 
ventilation Bystem on any one tank is independent of the alignment of the 
ventilation system on the other tanks in the 24l-AYlaZ Tank Pams: 

1. Each tankla recirculation mode directs tank headspace gases through 
their respective Recirculation Ventilation Cooling SyBtem with. typically, 
004 of the airstream returned back into the tank and 2 0 1  to the Common 
exhaust system. The c0-n exhauBt eyetem draws enough air to maintain a 
negative pressure in all of the tanka. relative to atmoepheris pressure, 
with the majority of the €low hack to the tank. The air flow through the 
recirculation loop is fixed by equipant design, h o m e r  each tank's exhaust 
flow rate is actively-controlled and held constant. 

2. 
exhaust systeml bypassing the HIEir-CUlation ventilation coolins system. 

3. 
Recirculation Ventilation Cooling system then into the c m n  exhaust eyBtem 
With no a i r  returning to the tank. 
the c o m n  exhauat fan flow ie increaeed in order to increase evapotative 
cooling of the tank operating in high heat mode. 
through the Recirculation Ventilation Cooling system to help remove 
IMistUKe. 

The bypa~e m d c  directs tank headspace gases directly to the CDnmon 

The high heat m d e  directs tank headspace gases through the 

When any tank ie in the high heat mode, 

Exhanet flow is routed 

FAI/OI-42, Rev. 1 9 - 8  onoh.?? 2001 
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orant ti. ~ y a n  
Phone: (5091 376-5111 
Pa%: (509)  376-5396 
Pager: 85-5913 

FM/Ol-IZ, Rev. 1 9 - 9  OCIObe, ZOO1 
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Figure 1: Waste Tempmturw from FAyOl-42, Rev 1.. SSLV Scenario 

Safe StOnge, LOSS Of Ventilation. Had& I.& 

- Supernatant - NCLAvg. - NCL Bottom -NCL Tcp 
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Figure 2: EADCRT 1.4b Rwnlh for Waste Tempenturw in the SSLV Scenario 
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Po@ 4 Of 42 

SSLV.DAT waste temperatures and demoostratw that the latest d e  version praaically 
duplicates the old results. In these figures, NCL Bottom has thc highest temperature, NCL Top 
wincider with supernatant tempanturr, and NCL Avg. is somewhem between the NCL Top and 
NCL Bottom temperatures. 

For both new and old code results, Appendix B shows conditions at SO million seconds 
(578 days), which is long der boiling starts. The results are very close and further justify the 
continued use of FAV01-42, Rev 1. HADCRT 1.4b predicts 12.44 kg ofwaste r e l d  over 
200 days, for an average of 0.06 kg waste per day, with 20.35 kg deposited. The originnl work 
reports 12.41 kg waste released and 20.29 kg waste deposited. 

Yalidation 

For the heatupphase between 116 and 350 days. the HADCRT model has been 
'' thoroughly validated in FAV01-42, Rev. 1. The validation indudcs a comparison of HADCRT 
results against temperature data for a degraded ventilation transient that took place in DST 
241-AZ-101 during the summer of 2001. The HADCRT code used at the time (HADCRT 1.3, 
Beta 13) produced excellent agreement with waste t e m w r e  data. Because we use the same 
model for the HADCRT 1.4b mns and obtain very similar rulults to those in FAVOI-42, Rev. 1, 
the HADCRT 1.4h NIW are validated. 

The actual DST 241-AZ-101 t e m p h u e  reardings are shown here as Figure 3. In this 
figure, temperaNre (in degrees F) is plotted at various waste locations during the primary 
ventilation transient. Transient history can be summarized as follows: 

Between mid-wy and July I@, a reciralation fan bearing failure limited the 
241-AZ-101 ventilation flow rateto IOOcfm, 

The fan bearing was replaced on July 16h and AZ-101 flow rate increased from 
100 cfm to 300 cfm, and 

From July la* to August 20*, the 241-AZ-101 vdla t ion  system operated in 
"high heat mode" at 450 cfm. 

HADCRT results an shown here in Figure 4 for the heatup-phase from May to mid-June: 

Figure 3 shows a heatup rate of 0.12 to 0.13°c/day (O.ZZ°F/day) during the degraded 
ventilation phase. Figure 4 shows the following temperatures: convective layer. NCL top, NCL 
bottom, and NCL average. Underneath each temperature history is a linear regression curye fit 
for slope, which is heatup rate. Heatup rates vary between 0.13 and O.l6"CJday, and represent 
reasonable agreement with the data 

I 

90 



RPP-15088 REV 0 

Figure 3: DST-AZ-IO1 Waste tenpenturn data during the aurnmer of 2QO1 IOU Of 
ventilation tnusicnt. 

I10 130 150 170 180 210 230 

nm,d.yt 

Figure 4: WDCRT (Venion 1.3, Beu 12) mul ls  for Waste tcmpcnture d a h  durins lbe 
summer of 2001 loss of vemtilatiom mniicnt; 1alun fma PAMI-42. 
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Page 6 of42 

For the boiling-phase, it is easy to confirm that the HADCRT 1.4b rcrults match a priori 
expectations. Consider boiling rate first. For the 71 kW 241-AzIOl model, mpcmatanf heat 
load is 30 kW and NCL heat load is 41 kW. Boiling rate must therefore bc somewhere between 
0.014 kg/s (30 kW divided by 2.2 Mkg) and 0.032 kgs. Appendix B shows that in either the 
new NR evaporation rate is 0.025 k& and is in good agreement with the expectation. At fifty 
million seconds, the evaporation rate is roughly equal to the outflows through junctions one and 
two. Note that by conventioq a negative flow m e  in junction one is out the tank. 

Although the boiling aerosol gemsation model is validated in the HADCRT 1.4 User's 
Manual (F'lys, et al., 2002). d d e r  some simple caleulations here. Maximum Supdcial 
velocity for boiling in the DST is given by the following: 

where 41 1 m' is the DST floor area. As explained in the user's manual, this superficial velocity 
is much less than the transition superficial velocity for the air-water system (5 c d s ) ) ,  which 
means that the entrainment coefficient for boiling aerosol generation is 2.057. Aerosol 
generation due to boiling is then 

Now this aerosol generation rate includes both water and dissolved solids or ''waste" as it is 
termed in the HADCRT input. The mass &action of waste is 21% by weight, so that 8n upper 
bound on waste aerosol generation would be 0.15 Wday (21% of 0.7 Wday). Calculated 
release are somewhere between 0.03 and 0.06 kg/day, which suggests a very reasonable I& 
path factor of three or four. 

Now consider the leakage time constmt: 

VolumetricFlowrate - 0.025/0.6m'ls =2,1E-5 l,s= 
Headspace Volume 7.000 m' 

,,day A =  - 

This demonstrates that in the course of the day, 1.8 headspace volumw are turned over and that 
leakage should remove much of the waste scmsol generated if filters arc not credited. 

Leak path factor and ~ ~ I c ~ K s  are detmnincd by a race beween leakage and deposition. 
Characteristic time constant for I d a g e  is then about half a day (111.8 days) Charactaisfic time 
constant for aerosol deposition is known to vary behveen several hows and to a day, depending 
on concentration and panicle propmics. Thefore, it makw sense to observe some releases 
with most of the airborne waste retained in the DST. At 50 million seconds, 12.4 kg of w m e  are 
released, but 20 kg are deposited 
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Bcfercnce 

Ply% M. G., B. Malinovic, M. Epaein, and S. 1. Lea, 2002, Fuel *le Focilip S m e  Term 
MdlHADCRTl.4:  User’sManuaI, FAVOZ-50, Fauskc & Associates, Inc., Bum~idgc, 
Illinois, July. 
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Appendix A. 
Cornpariron of HADCRT 1.4b Rerulta for SSSS.DAT with Rerulta Rcpolted for 

FAJAU-42. Rev. 1 

A.l HADCRT 1Ab Tabular Outou t Header h r  SSSS. DAT snd S n d o t  at 10 M i b q  
ssl!!& 

HADCRT 1.4b 

Time L Date of Run: 19:54:19.69 03/10/03 

Bare Input: C : \ W S F  NCO\BOILST\OZ/Z7/2003.04:17P 24,629 55SS.DAT 

G a r  P~operty: C : \ W S F  MCO\BOILST\03/10/2003.ll:36?. 17.397 GASPROP1.DAT 

DST Az-101 SS CONDITIONS> FIN HERT TRRNSFFA 
500 S C M  PRI-Y VXNTILATION, NO lwNULUS VENTILATION, CONDENSER 

Region properties: The- 10000000.000 aeCOnd* 
2777.778 hours 

Timestep = 5.0000 Average - 4.9998 

Region X -> 1 2 3 4 
Press., Pa 1.004303+05 1.01501E+05 1.013453+05 9.451611+04 
Temp.. C 4.5473+01 4.798Et01 2.7983+01 1.6393+01 

, K  3.186E+02 3.211E+02 3.011E+02 2.895E+OZ 
Spec. Heat cv 7.4923+02 7.670EC02 7.187E+02 7.238E+O2 
Ratio CplCv 1.3953+00 1.391Ef00 1.402E+00 1.402E+00 
k, W/m-C 2.652E-02 2.644E-02 2.568E-02 2.472E-02 
rho, kg/mA3 1.067Ef00 1.055E+OO 1.167Ef00 l.l25E+00 
mu, Pa-s 1.908E-05 1.907E-05 1.843E-05 1.784E-05 
Tliq, C 4.924Et01 4.751E+01 2.500Ef01 1.006Et01 
Mliq. kg 3.591Et06 5.611EtOZ O.OOOE+OO 8.6953+05 
n i q ,  m 7.470Et00 1.001E-02 O.OOOE+OO 8.709EtOZ 
cv1iq 3.512EC03 4.179EC03 0.000Et00 4.200Et03 

Mole fractions of gas ... 
STEW 6.474E-02 1.018E-01 2.314E-03 1.808E-02 
OXYGEN 1.947E-01 1,8863-01 2.077E-01 2.044E-01 
NITROGEN 7.4063-01 7.0973-01 7.9OOE-01 7,7753-01 
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hol m I O  Million nd 1 181 outon 
01-4- 1 

A.2 3 
Renotied in FAU 

HADCRT Rev. 1.3 
beta 12 

Time L Date of Run: 15:23:12.63 09/09/01 

Bars Input: C:\RYAN\RUNS\SSSS.DAT 24712 07/28/01 4:04P 

Gas Property: C:\RYAN\RUNS\GASPROP.DAT 13309 07/26/01 6:17P 

DST Az-lo1 ss CONDITIONS; FIN HEAT TPANSFER 
500 S C M  PRIMARY YENTILATION, NO ANNULUS VENTILATION, CONDENSER 

Region properties: 

Timestep = 5.0000 Average = 4.9998 

Region I -> 
Pres.., Pa 
Temp., c 

. x  
spec. Heat cv 
Ratio Cp/Cv 
k, Wlm-C 
rho, kg/mA3 
mu, pa-s 
Tliq, C 
miq. kg 
Zlia. m 
CYlih 

Mole fractions 
STEAM 
OXYGEN 
NITROGEN 

1 
1.004Et05 
4.525E+01 

.~ 
2,6503-02 
1.0683+00 
1.9073-05 
d.898E+01 . ~~~~ ~~ 

3.5913+06 
7.4703+00 
3.5123+03 

of gas ... 
6.517E-02 
1.946E-01 
7.402E-01 

2 
1.0153+05 
4.7743+01 
3,209EC02 
7,6353+02 
1.3923+00 
2,6483-02 
1.059E+00 
1.9093-05 
1.729E+01 . ~~ ~ 

5.636&+02 
1.005E-02 
4.179E103 

9.456E-02 
1.9OOE-01 
7.154E-01 

T h e =  10000000.000 seconds 
2777.178 hours 

3 
1.013E+05 
2.798E+01 
3. OllE+OZ 
7.187E+02 
1.402E+00 
2.568E-02 
1.167E+00 
1.843E-05 
2.500E+01 
0.0003+00 
0.000E+00 
0.000E+00 

2.314E-03 
2.017E-01 
7.900E-01 

4 
9.4523+04 
1.643E+01 
2.8969+02 
7.230E102 
1.402E100 
2.472E-02 
1.125E+00 
1.7043-05 
1.007Et01 

1.8llE-02 
2 .O44E-01 
7.775E-01 
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Appendix B 
Comparison of HADCRT 1.4b Rwnlb for SSLV.DAT with Rwultr Reported for 

FAYO1-42, RN. 1 

B.1 HADCRT 1. 4b T-t H u d v  for SSLvaQhT and 
50 Million Seconds 

Region p r o p e r t i e s :  Time- 50000000.000 seconds 
13888.889 hours 

Timestep = 20.7578 Average = 29.5462 

Region t -> 1 2 3 4 
PreS.3.r  Pa 1.01490Ef05 1.01489E+05 1.01359E+05 1.013553+05 
Ten@.. C 1.053Ef02 1.049E+02 2.800E101 1.0803+01 

. K  3.784Ef02 3.781E+02 
Spec. Heat Cv 1.498EC03 8.228E+O2 
Ratio Cp/CV 1.295Ef00 1.378E+00 
k. W/m-C 2.4903-02 2.997E-02 
rho,  kg/mA3 5.885E-01 8.64OE-01 
mu, Pa-, 1.270E-05 2.127E-05 
Tliq. C 1.078EC02 9.363Et01 
Mliq, kq 3.200EC06 9.995E-06 . .  
niq, m 6.616Ef00 1.808E-10 
Cvliq 3.471EC03 4.2143+03 

Mole f r ac t ion .  of aar _ _ _  
STEAM 1.600E+OO 1.931E-01 
OXYGEN 2.7043-05 1.68OE-01 
NITROGEN 1.0883-17 6.389E-01 

Gas masses .. 
STEAM 1.541E+03 7.003EC01 
OXYGEN 7.41OE-02 1.083Ef02 
NITROGEN 2.609E-14 3.606EC02 ~~ ~~ 

TOTAL 1.542Et03 5.390Et02 

Relative h d d i t i e r  _._ 
STEAM 8.317E+01 1.623Et01 

Aerosol mssel i  ... 
STEW -6.84BE-18 -2.194E-13 
WASTE 5.996E-02 0.000Ef00 
TOTAL 5.996E-02 -2.194E-13 
Diam,micron 6.6298-01 5.093E-01 
Log SD 1.732E+00 1.475Ef00 
Dep Mass kg 2.035E+01 0.000Et00 

Liquid masses . _ .  
STEAM 2.446E+06 9.995E-06 
WASTE 7.542Ef05 0.000E+00 
TOTAL 3.200E+06 9.995E-06 

Rates of change of gas and aerosol ... 

3.012Et02 2.8393+02 
7.187E102 7.2073+02 
l.lOZE+OO 1.403Ef00 
2.568E-02 2.434E-02 
1.167E+00 1.2333+00 
1.843E-05 1.7583-05 
2.BOOEtOl 1.057E+01 
8.133Et05 4.775E+03 
8.184E-02 4.783E+00 
4.185E103 4.2063+03 

2.377E-03 1.289E-02 
2.0778-01 2.0643-01 
7.899E-01 7.807E-01 

1.732Et07 9.913E100 
2.691E-09 2.8238122 
8.960E-09 9.3178-02 
1.167Er10 1.227Er03 

6.339Ef00 1.002EtO2 

1.917E-03 1.035ErO3 
1.2448+01 6.968E-02 

3.429E-01 8.508ErOO 
i.245eroi 1.035~~03 

1.475Et00 2.547WOO 
0.000E+00 O.OOOE+OO 

8.133Et05 4.775Ef03 
B.BO4E-01 1.818E-01 
8.133Et05 4.775Et03 
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STERM 9 -6.153E-04 -1.274E-07 2.2748-02 -2.759E-05 
STERM a 0.000Ef00 O.OOOE+OO 1.156E-04 1.615E-04 
OXYGEN g -1.873E-07 -1.972E-07 3.982E-05 -3.844E-05 
NITROGEN g -4.1~9~-19 -6.562E-07 I . z ~ ~ E - o ~  -1.276e-04 
WASTE a 2.580~-07 O.OOOE+OO n.908~-07 i.750~-09 

Junction Flowratea: Time= 50000000.000 seconds 
13an8.889 hours 

Path t -> 1 2 3 4 5 

W: kg/s -2.266E-02 2.043E-03 -4.904E-07 4.904E-07 1.6758-04 

B.2 Tabular Outout 0 ' .  
R C O O I ~ C ~  in FAYO1-42. Rcv. 1 

.........________ 
HADCRT Rev. 1.3 

beta 12 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Time r Date of Run: i9:34:on.ni 09/09/01 

 arc Input: C:\RYAN\RLINS\SSLV.DAT 24843 09/08/01 2 : s ~ ~  

Gar Property: C:\RYAN\RUNS\GASPROP.DAT 13309 07/26/01 6:17P 

DST AZ-101 SS CONDITIONS; FIN BERT TWWSFER 
RESTART W/ NO SCFM P R I M Y  VENTILATION, NO ANMILUS VENTILATION, CONDENSER 

Rertart Prom: C:\RYAN\RUNS\SSLV.RER 310736 09/09/01 7:34P 

Region properties: Time- 49999984.000 seconds 
13888.884 hours 

Timeatep = 20.0000 Average = 12.8653 

Region # -> 1 2 3 4 
Press., Pa 1.015E+05 1.015E+05 1.014E+05 1.014~05 

, K  3.784~+02 ~ . ~ B O E + O Z  3.012~+02 2.n39~t02 
spec. Heat cv i.498~+03 1.039~~03 7.187~+02 7.2on~to2 

Temp., c 1.053Ef02 1.049E+02 Z.BOlE+Ol 1.079Et01 

Ratio Cp/Cv 1.295E+00 1.343EC00 1.402E+00 1.403E+00 

rho, ka/mA3 5.8853-01 7.4653-01 1.167E+00 1.233E+00 
k. Wlm-C 2.490~-02 2.780~-02 2.568~-02 2.4343-02 

Tliq, C 1.01n~t02 1 . 0 4 9 ~ ~ 0 2  2.no1~1ol 1.055~+01 
Mliq. kg 3 . 2 0 m t o 6  2.700~~02 8 . 1 1 8 ~ ~ 0 5  4 . ~ 4 7 ~ ~ 0 3  
Lila. m 6.618~+00 4.902~-03 8.169r-02 L ~ S S E . O O  - . - . . . - . . 
c&q 3.471~+03 4.229~+03 ~ . I ~ s E + o ~  4.207EC03 

Hole fractions of gar _._ 
S T E M  1.000E+00 5.360E-01 2.3JJE-03 1.287E-02 
OXYGEN 9.5053-19 9.709E-02 2.0JJE-01 2.055E-01 
NITROGEN 3.6153-18 3.669~-01 7.899~-01 7.816~-01 
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Gar masses ... 
STEAM 1.541Et03 1.950E+02 1.1323+01 9.3013+00 
OXYGEN 2.604E-15 6.21BEt01 2.6913+09 2.8113+02 
NITROGEN 8.6703-15 2.011Et02 8.9603+09 9.359E102 
TOTAL 1.54lEt03 4.654E+02 1.167Et10 1.221EC03 

Relative humidities . . . 
STEAM 8.324E+01 4.501E+01 6.3393+00 1.OOlEfOZ 

Aerobo1 Inaslies . . . 
STEAM -6.9059-18 -5.421E-18 O.OOOE+OO 1.0153+03 
WASTE 5.392E-02 0.000E+00 1.241Et01 6.889E-02 
TOTAL 5.992E-02 -5.421E-18 1.241E*Ol 1.015Er03 
0iam.micron 6.628E-01 1.000Lt00 1.OOOE-00 1.000L~00 
Loa so 1.132E*00 2.000Et00 2.000E.00 2.000E+OO 
Dei Mas1 kg 2.029E+01 0.000E+00 O.OOOE+OO O.OOOE+OO 

Liquid masses ... 
STEAM 2.4413+06 Z.lOOE+OZ 8.118Et05 4.741E+03 
WASTE 7.542EC05 O.OOOEC00 8.8OZE-01 1.808E-01 
TOTAL 3.201Et06 2.100E+02 8.11BE+05 4.141M03 

Rater of change Of gas and aerosol ... 
STEAM 9 1.1333-01 1.35SE-06 3.1113-02 1.118E-06 
STEAM a O.OOOE+OO 0.000Et00 0.000MOO -3.163E-06 
OXYGEN g -3.502E-20 1.168E-06 -6.4473-06 6.196E-01 
NITROGEN a -1.1663-19 2.5E6E-05 -2.813E-05 2.263E-06 

Junction FlDYZates: T i m -  49999984.000 seconds 
13888.884 hours 

Path # -> 1 2 3 4 5 

W: kg/r -1.8983-02 1.756E-03 1.684E-05 -1.684E-05 -2.94lE-06 
WCC: kg/s 0.000E+00 O.OOOEtO0 0.000Et00 0.000Et00 0.000Ef00 
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Appendix C: 
Jnput and Gw Propertin Piln 

c.1 SSSS. DAT Baae Innut file for Study Sta te  Conditianq 

f*..f**...f..f..t..f~.*.*~~**..**************...**.*.,..*~.*~~****..~~ 

* mderground DST with losi of cooling 
. t . f . f~~~.f . .* .~. . f . .** . .*~.~. .~~**.* . .~. .~~~..~. . . .* . . .~*~~***.*~~.~~ 

T I T m  ! Keyword; next line is title. title can be any length. - 
DST AZ-101 55 Conditions; fin heat trvrsfer 
500 scfm p r h r y  ventilation, n o  annulus ventilation. Condense= 
END TITLE ! Anything aft.= END is a c m n t  

TIMING ! Keyword 
TSTART 0. ! START TIHE. >o mn RESTART RON 
T M T  10000000.! END T I n  
DlNIN ! MIN TIHESTEP (Second31 
0.0 1.0 
10.0 1.0 
1 0 0 . 0  5.0 
1000.0 5 . 0  

100000.0 5 . 0  
m ! 
0.0 1.0 
5.0 1.0 
100.0 20.0 
1000. 20.0 

100000. 20. 
DTPRIN ! 
0.0 100000.0 
1000000. 1000000. 
10000000. 1000000. 

PLTMIN ! 
"." ,nnn.o ... 
10000.0 1000.0 
100000.0 10000.0 
1000000.0 100000.0 
PLTtmx ! 
0.0 1000.0 
1000.0 1000.0 
10000.0 10000.0 
100000.0 100000.0 
1000000.0 1000000.0 
DTPST ! 
0.0 1.El 
5.E6 1.E6 
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Thi3 recti-  a l l a r  u3-1 rpes i f ica t ion  of the  order 
i n  which c q m d  names are printed L placed i n  the 
p l o t  f i l e r .  This =.stion is optional, but rrc-ded. 
Using th ia  * e c t i m  raves c w t a t i o n  tim by l i d t i n g  

s t o r a 9 ~ )  t o  the  user-defined order. and essent ia l ly  
th. rulga of  1wS.r. mi3 section zear1an9.s int.r-1 

* 

* r0ll.t: 
* The section begiru with the keyword COMPOUND followed 
* by the  ntmber of compounds t o  bt used for this m. 
* compound names are placed on Jucceeding l ines ,  

def in i r  1 sub-library f o r  this cas. only. 

* uling up to ao coiunmr. * 
* You =in s-nt a l i n e  in the list by putting 
* the  double as te r i sk  ** in so ls .  1 ind 2 .  
* E x m h  (hare colurn 1 har * f o r  s-nt): 
+ COWOUNDS a 

Finish the  l i r e  w i t h  the  END keyword. 

... 
* w  
*EM) 

* UIer c."eafr: 
* 1. If this i s  invoked, it MTST PPZCEOE any input racrim that  
* refera to compovnd names, avch as plott ing,  SDYZEOD. ttc. 

* CalCYlatim, or else the ccppound w i l l  be skipped. For 
* example there may be no c h l u t i m  pzcducts i n i t i a l l y  
* present anywhere, but thmre =It be n w d  t o  be use6 later. 
* 3. Spelling u s t  be identical to n-a i n  WPROP.DAT * 

2. The Y I e r  mrt n- ALL s-ounda that are used i n  the 

Chack the  log f i le  f o r  mir-spelling varninqs. 

CcplpOVNDS 4 

EM) 
S T W I  OXYGEN NITRffiEN W T E  

PLQT 1 Keyword f o r  p l o t t i n g  section 
f Plot t ing  syntax: 

* PRESSURE n rlisf - Presswe, Pa 
* GAS-T n r l i i t  - Gas Temperatwe, K 
* LIQ-T n rlist - l i q u i d  T q r a t u z e ,  K 
* LIQ-EL n Ll ia t  - l i q u i d  L-1, I 
' H.5-TI n h l i s t  - Heat Sink Temperature - Imer Surface, K 
* W-TO n h l i s t  - Heat Sink Temperatwe - hlter Surface, I( 
* HS-TA n h l i r t  - Heat Sink Tenperatwe - Avenqe, K 
* ABROSOL n rlist - Aerosol Msil ITOtall, kg 
* Gas-%' n j l i r r  - Kass FloYrate, kqls 
* GAS-WX n j l i r r  - Corntarcurrent l a s s  Flcwrate. kq/s 
* SPEcm-x n X l i r t  - special  mdsl s t a t e  variabla 
* SPEC=-R n x l i s t  - Special d e l  =ate variable 
' GAS-X GAS- n r l i r t  - Gas Mole Fraction 
* GM-RH -lava n =list  - Gas R d l t i M  n w i d i t y  
* GAS-M\JS Gaslava n r l i a t  - Gas Mass (Species), kq 
* A B R - m S  mlava n r l i a t  - Aerosol mar (Spesier) ,  kq 
* MASS G A S W  n r l i a t  - Total MUIS Ispecies), kg 
* LIQ-?&US - GASlava n Z l i r t  - Deposited l a s s  I lpes ies ) ,  kg 

* Pressure, Gar Tenperafure, and t o t a l  aerosol maas require L region 
* 1i"t 
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* Heat Sink T w e r a t u r e s  need a heat sink nuaber l i s t  

* Flowrates need a junction " d e r  list 

* Gas concentration, r e l a t i v e  humidity, individual rpsc is r  gas was,, 
* individual 3pccics aerosol NSS, t o t a l  Ig~st~sroaoll individual 
* species mss, and individual species deposited l iqu id  -3s require 
* a region and gas name . special  state r rat* variables are: 
* 1- Waste Surface entrainment during a burn 
* 2- Tank surface entrainment during a burn 
* 3= Waste Surface rntrainnrnt during b l w d m  
* 4- Unused, rsrerved for tank surface entrainment during b l o v d m  
f 5= Total e n t r a i m n t  

PRESSURE 4 1 2 3 4 ! P L e s N L e  
GL-T I 1 2  3 4 ! W s T e m p s  
IIO-T 2 1 4  ! I e-. . 
LIQ-EL 2 
a - x  NTTRUZEA 
a - X  OXYGEN 
a - x  S T W  
--w I 
m-T* 7 
WOND-PL S T W  
WOND-HSO S T W  
WOND-HSI S T W  
C G k - H 5 0  8 
W - H S I  7 
m - P M L  1 
QLIQ-HSI 4 
QLIQ-HSO 1 

END PLOT ! PLOT 

~ 

1 4  ! L e l n n f i o n r  
1 1  ! N2 Consentraricn 
1 1  ! 02 con.=antr.ticn 
1 1  ! H20 cmcentration 
1 2 3 I I UI f l W  r a t e s  
3 1 5 6 7 8 9  
1 1  ! cnul*llaation rate Of , r e v  on p w 1  
2 1 18 ! Condensation =ate Of stem on ha-1 
'I 2 3 4 18 I Condensation r a t a  of s t a m  on h a  

1 3 4 5 6 7 8 I3 ! gaa-to-hr hx 
2 3 4 5 13 15 16 ! gas-twhs hx 
1 ! gar-to-pw1 hx 
4 5 6 7 ! liquid-to-hr hx 
9 ! l imid-to-hr hx 

i, a cmmenr 

Davir. W i U i m  
M w h  13.2003 

-2 c 3 

PRINT 

END 
M.5 18 1 2 3 4 5 6 7 8 9 10 11 12 13 I4 15 16 17 18 

X T I V E  HODELS I Byword; MlDELS i s  a co-fi 1 - on, 0 - off 
1 m c  1 ! Junction flo* d . 1  
ICCPLW 0 ! COunt*r-N~rent f lov  d e l  
IHSINK 1 I m a t  Sinks 
IHXPOL 1 ! gas-pool heatlmsa t ransfer  
ICNDS 1 ! Condensation 
m E D  1 ! Aexosol Smdi-tation 
lLwK 1 ! Aerord Leakage 
IPCG 1 ! Fog fornation 
15RC 1 ! User-defined sou~ses 
IQDECAY 1 ! Decay power 
IHCO 0 ! Hco mCde1r 
ISENS 0 ! SansifiYify m s  
IIXFER 1 I Liquid t r u u f c r s  
IDCRT 0 ! DCRT Run3 
IPLTXP 2 ! -1, "0-1 np Wrap-around -2 ,  spcsadrhset no 
END ACTIVE MODELS ! ACTIVE MODEL3 i s  a cmment 

wrap-around 

MODEL Pl\rUP(ETERS 
AcRplplA 2.5 ! shaps fac tor  for nonaphericity f o r  coagulation 
ACHI 1.0 ! Shape fac tor  for nonapharicity f o r  rfakas'law 
AFED 1.0 ! Collision efficiency: 1.0 ?ucha. 0.33 PNpacher -ne t t  
ENT-BOIL 2.E-7 ! Boiling entrainment coef f ic ien t  
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* SURF-LIQ 0.07 I Liquid surface tension; water is defaul t  
END MODEL PXRA"7ERJ 

END CONTROL ! End of CONTROL keyword grwp 

OPEFATIONS 

OPEPATIONS ! Keyword to begin this rsst ion 

Keyword groupa go here IS described below. 
TRANSFER 

ZND OPEPATIONS I End is a s-m here 

WASTE T W S m  SmTAX: SAPIB 115 REGICE( L JLMCTION 3-, C O L ~ S  
TRANSFER ilist Keyword TPANSPER folloved by list of indicer  

.ach index is a t ransfer  index I 
w m m  rlirt Keyword m e  laea l i a f  below1 and s o l m  values 

Active grovpr are: 

coCr..ponaing to i 1 i r t  above 
END End t h i s  ,action 

5 transfer c o l m r  par set U X W ,  then repeat the group 
Maxi- of 30 defined t ransfers  

Waste i r  t ransferred from regillon IXRl t o  IXR2 a t  consfant 
vol-tric f l a r a t e  W-XFER or a t  1 pulsed f l a n t e  
during t h s  active duty cycle time DUTY-ON, fo l lowd  by 
the idle cycle duration DUTY-O??. 

Transfer, atart at t h e  T-STYRT and end at time T-END. 
Rational level controls  alro exis t  f o r  f r m l f e r s .  
Transfer begins when donor reqion level  exceeds 

the high level  ell-HI. 
donor level  e x c e e e  region top minus 1 cm. 

the  lw level  ZLl-Lo. 

Default begins t r m a f a r  i f  the 

Transfer ends whan donor repion level  f a l l s  belov 

Transfer ends when receiver region level  exceeds 
Default ends a t  l a  elWafion. 
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the  high l s ~ l  SLZ-HI. 
zccciver level excsadr region top minus 1 a. 

i f  a legion bsccosa -3oIid", and t r . M l E e r I  or 
a m c e s  i n f o  a f u l l  region ace the CIYI~. R a a d y  by 
be t ter  control mer i n f d d  transfers .  

Warts can be siroadsd i n  a rerier of t a n k s  v i a  1 s e r i e s  
of tranafars i n i t i a t e d  on lavsl. 

Warta can flm in both directions controlled by level, 
using a pair  of transfers,  M C  i n  each direct ion.  

Default ends trm3f.r if the 

The program w i l l  abort due to errors i n  PTRECl or PTREGZ 

W T B  TRANSFER HEyploRo OEP1111TIONS 

TXRl "-11- RBGIOII ~ 

IXR2 "TO" REGION 
IDUTY 1- USE DUTY CYCCLES, 0- C O N S T m  FLOW 
IR1-HI 1- BEGIN ON H I M  LFJEL I N  IXR1, 0- IGNORE 
W-XFBR 
T-START 
T END T I W  TO END XFBR FLOW 

NOMINAL YOLUWTRIC FLOWPATE AT ZERO DP VWI ACTIVE 
T T W  TO STIRT XFBR rn 

* D b Y - O N  DUTY CYCLE TIW FOR TRANSFER 11011 I F  PERIODIC 
* DVT-OFF DUTY CKLE  TI^ mR NO (OPP) TRUTSPER FLOW I? PERIODIC 

TOGETHER THESE CYCLE TImS DBFINB A CCMPLBTB CYCLE 
* ZLl-HI HIM LEVBL I N  "FRCW RBGION T W  BEGINS XFBR: 

ZLRIIXIUI > ZLl-MI. DBF?JJLT: 1 Cn PRCM TOP 

ZLRIIXRZI < Zlz-HI.  DBP.ULT: 1 CA FRW TOP 

ZLRlIXRlI  < ZLl-Lo. DEFAULT: 1 CII FRCQI BOTTOM 

f ZL2-HI HIM LEVBL 111 "TO" llBClon m1 MD5 X F E R  . ZLl-r.n WW L m L  I N  "FRM" RBGION TEU' ENDS XFER: 

TPANSFBR 1 
TXRl I 
IXR2 1 
IDUTY 0 

W-XFER 1.E6 
TRl-HI 1 

T-START 0.0 
T-EO 1.0E10 
DUTY-ON 1 0 0 .  
DUTr-0F.r 1 0 0 .  
ZLl-HI 10.0 
ZLZ-HI 7.47 
ZLl-LO 1 . 0 0  

Ern TRANSFER 

END OPERATIIONS 

"DLUMeS 4 ! total n d . r  of sootro1 "01-s 

* No more than 5 c o l v n m ~  lrsgianrl a t  L tim 
f units:  
* VOLUW m-3. SED-ARm m"2, ELEVRTION m, TWP-GAS K, PRESSVIIE Pa 

f..__._______.......____________________---------~~.~........~.~~~-~-- 

f_______________....____________________--..-..............----------- 

TlwK m u s  M i m t  C o n d e n s e r  
REGIONS 1 2 3 1 

WLUW 5338. 623.78 1.B10 1 0 0 0 .  

ELEVATION 0.129 0.0 IS. 1 6 .  

PRESSURE 101350. 101350. 101350 .  101350. 
ZTOP 1 2 . 9 9  11.0 1.E6 1000. 
Z-LIP 1.17 0 . 0 1  0.00 990.0 

SED-ARFA 111. 0.0 0.0 0 . 0  

TEPP-GAS 45. 28 .0  28. 1 0 . 0  

TE)(P-LIQ 19.0 28.0 28.0 10.0 
KND REGIONS ! REGIONS is a 6 m n t  
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. G a s  smpo*i f ion of each region, rpecify lol*, fraction of ..ch 9.3 
NO M T e  thln f i v e  C o l ~ s  a t  a t i n s  

TANX -US -1- CONDENSER 
GASES 1 2 3 4 

S m  0.100 0.1  0.0023 0 . 0 1 0 0  
OXYGEN 0 . 1 8 9  0.189 0.2077 0.2000 
NITFCGtN 0.711 0 . 7 1 1  0.7900 0.7900 

END GASES ! W E S  i s  1 s-nt 

TANX A"ULU.9 mIEm CONDENSER 
LIQUIDS 1 2 3 4 

S T L W  0 .790  1 . 0  1 .0  1 .0  
W T E  0.210 0 . 0  0 . 0  0 . 0  

END LIQS ! LIQS i s  a sonnent 

* Aerosol concentration of each region Ikg/m"J) 
* N o  more than f i v e  c01-s at  a tiu 

'' .aeR03OLS 1 2 3 4 5 
* -WTE- 0 .000  0 . 0  0 .0  0 . 0  0 . 0  
*END mROSOLS ! mRosoLs 1, a commlt 

OFFSET_TI?lETG 
EXTPAPOIATION-TIneTG 
TIHBTG REGION # TIHBl, TIIIBZ ... T I m W T  
TGPIX RBGION # T W P 1 ,  T-2 ... TQIPULST TEIIPS AXE I N  C ! ! ,  
LINEAR INTERPOIATION BETWEEN VAImS 

51MIT.UI SYNTAX FOR PREsSvRE: 
OFFSET-TI-c 
EXTRAPDWION_TIIIBPG 
TIHBP W I O N  I T I U C l ,  T I H B 2 . . .  
PRPIX REGION b PRES1, P R E s 2 . . . P R E S S m S  AXE I N  P A ! ! !  

OFPSET-TIIIBTGC OFFSET TIm: m E R  Iwm TABLE mTH 

CXTRIWLATIOl_TIHBTG- ULST TO USE ULST VILUE I N  THE TABm, 
TIHS+OFFSET-TIWTG 

- EXTPAP TO EXTRIWIAR PRCM W T  Rn POINTS, - PERIOD TO AROUND. 
OFFSET-TIIIBTG 0 .  
EXTRIWIATIcor_TImTG LAST 

'TIHBTG 4 0.0 1 .E10  
'TGFIX 4 1 5 . 0  1 5 . 0  . CONTROL BouNDu(Y P .  
* OFFSET-TIHBPG 0 .  
* ZX'I~LXTlOrr-TlIIBPC EXTRAP 
'TIUCP 4 0 . 0  1 . E l O  
' P W I X  4 0.984OES 0.9840E5 
END 

+ No more thln 5 c o l m a  a t  I rim, 
* Repeat the f o l l d n g  ~fru~fure. 
* SINKS 
f .  
f .  
' E N D  

+ syntax: 
f IGEOM 1 for  plane, 0 O r  2 for sylindeer 
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0 for vertical, 1 for horizontal 
Densi fy  lkq/mA3) 
T h e m 1  Conductivity lN/m/K) 
Specific Heat lJ/kq/Kl 
Vol-tric Haat Cenarati~ (N/m*31 
Inner Radius lml 
Cuter Radiur lml; for plane wall, thickncra - 730-XRI 
One-sided heat sink area 11-21 
Initial inside surface temperature IC )  
Initial Outside surfac- tslperature IC) 
MMber of slabs; 3 is minim 
Region index for inner SYTIaCa oc 0 linaulatedl 
or -1 for constant temperature 
Region aurface fmparature when I R E 1  - -1 IC) 
R e d m  index for ontez surface or 0 linrulatedl 

SINKS 1 2 3 4 5 
tank tank top tank wall tank wall tank wall 

ceiling soil firrt second third 
TGEM 1 1 2 2 2 

AH3 
TIINIT 
TOINIT 

I G E M  
IORIHS 
INI\RIS 
XRI 
XRO 
AHS 
TIINIT 
TOINIT 
1MS- 

1 
1 

0.0000 
0.0100 
411.0 

45.00 
45.00 

3 

0.0 

1 
2 
0.0 
4.0 

411.0 
20.0 
45.0 
20 
3 
0.0 
0 

0 
1 

11.438 
11.448 

49.0 
358.0 

49.0 
3 
1 

0.0 
1 2 
0.0 0.0 0.0 

0.0 0.0 2.50 
22.88 22.88 5.0 

12.99 13.00 8.75 
13.00 15.1433 12.98 

6 
tank wall 
fourth 

2 
0 
1 

11.438 
11.448 
143.891 

54.00 
54.00 
3 

7 

fifth 
2 
0 
1 

tank wall 

11.438 
11.448 
143.891 

54.0 
54.0 
3 

0 
1 

11.438 
11.448 

143.891 
49 .0  ~. ~. 
49.0 
3 
1 
0.0 
2 
0.0 
2.0 

7.0 
1.0 

8.75 

0 
I 

11.438 
11.448 

113.891 
49.0 
49.0 
3 
1 
0.0 
2 
0.0 
2.0 

5 . 0  
1.0 

7.0  

8 9 10 

sixth lap= floor 
tank wall nCn-CCnvectiVe tank 

2 1 1 
0 
1 

11.438 
11.448 
71.946 
54.0 
51.0 
3 

2 
3 
0.0 
0.43 

411.0 
64.0 
64.0 
20 

2 
1 

0.0 
0.01 

411.0 
54.0 
54.0 
3 

ImGI 1 1 1 0 0 
TIHS 0.0 0.0 0.0 0.0 0.0 
IKBEM 2 2 2 1 0 
TOHS 0.0 0.0 0.0 0.0 0.0 
XLnS 2.00 2.00 1.0 22.88 22.88 
XZHS 1.0 1.0 0.025 11.0 0.0 
ZBHS 3.0 1.0 0.0 0.0 -0.01 
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ZnrS 5 . 0  3.0 1.0 0.43 0.0  
END 

SINKS 11 12 13 I4 15 
tank bottmn tank boffon amYIUI t w  umy1v, wall amulur wall 

concrete soil ,Oil ,Oil cmcrete 
IGECn 1 1 1 0 0 
IORIHS 2 2 1 0 0 

..... 
Iws 
TIINIT 
TOINIT 

1RBW 

Z E i S  
zms 

EM) 

0.0 
0.4572 
411.0 
49.00 
49.00 
20 
0 
0.0 
0 
0.0 
0.0 
0.0 
-0.4826 
-0.0100 

2 
0.0 

30.0 
411.0 
12.0 
49.0 
20 
-1 

12.0 
0 
0.0 
0 . 0  
0 . 0  

-10.4826 
-0.1826 

2 
0.0 

4.0 
411.0 
20.0 
49.0 
20 

3 
0.0 
2 
0.0 
0.762 
4.0 
10.99 
15.0 

2 
12.707 

112.707 
1223.82 
49.0 
25.0 
20 
0 

0.0 
0 

20.0 
0.0 
0.0 
0.0 
11.0 

SINKS 16 17 18 
amvlus bottom annulus bottom cmdenrer 

concrses Soil 
ICEOn 1 1 1 
TOFXHS 2 2 1 
1mms 4 2 5 
XRI 
XRD 
AHS 
TIINIT 
TOINIT 
Ills- 
IRBGI 
TIHS 

0 . 0  
0.4572 
56.707 
25.00 
45.00 
20 
0 
0.0 

0.0 
10.0 
56.707 
20.0 
45.0 
20 
-1 
20.0 

0.0 
0.01 
1000. 
10.0 
10.0 
3 
-1 
10.0 

4 
12.225 

861.59 
49.0 
45.0 
20 
2 
0.0 
0 
0.0 
11.0 
0.0 
0.0 
11.0 

12.707 

I R B ~  2 0 4 
TOHS 0 . 0  0.0 10.0 
xrns 0.762 0.0 1000.0 
XZHS 0.0 0.0 0.0 
Z E i S  -0.4572 -10.4825 1015.0 
ems 0.0 -0.1826 1016.0 

' name index rho khr cp 4y ehsl ehso 
WATERIUI 

STSTEEL 1 8000. 16. 500. 0. 0.75 0.75 
SOIL 2 1500. 1.0 1840. 0. 0.75 0.75 
sLmcB 3 1640. 0.9 2255. 231.0 0.75 0.75 
CONCRBTE 4 2200. 0.6 880. 0. 0.75 0.75 
TUBE 5 10000.0 1000.0 10000. 0.0 0.5 0 . 5  

END 

CONP-NETWXK 3.1.5.6.7.8 
SlwOyTCH 9 1000. 10 1000. 11 1000. 12 
slwnncn 1 1000. 2 
SANDWICH I4 1000. 15 
SANDWICH 16 1000. 17 

t 
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f s m A x :  
OFFSBT-TIl5Hs 
EXTPAPOIATION-TIIQHS 
TImW IHS IS0 TIHE1, TIm2 ... 
M S P I X  IHS I S D  T m l ,  rmp2. .  

IHS - LBRT SINK NO.; ISD - SIDE NO. (1  OR 21 FOR IHS 
* CONTROL m T  SINK BOUNMRY T 
* OFFSET-TIMEHS 0.  
'EXTPAPOIATION-TIHEHS EXTPAP 
f TInrH.5 15 2 0.0 1.86 
* M S P I Y  15 2 8 5 . 0  85 .0  
* TImW 30 2 0.0 1.E6 
* M S P I X  30 2 8 5 . 0  8 5 . 0  
* TImHS I 1  2 0.0 1.E6 
f M S I I X  4 1  2 8 5 . 0  8 5 . 0  
* TlmW 42 10.0 1.E6 
* r"sPIX 42 1 S 5 . 0  8 5 . 0  
* TImHS 4 3  2 0.0 1.E6 
* MIFIX I 3  2 8 5 . 0  8 5 . 0  

END HBI\T SINE ! HQAT SINE is 1 Comment 

JUNCTIONS 5 I I Jvnctionr 

. syntar: 
* IJTm Junction Type: 1 - N o m l ,  2 - HEPA, 3 - C w n r  . 1R1 Upstream ncqion 
* IP.2 Dmstraam Region 
* AJn Area In-21 
* aBYP Bypass area for HEPA junction Im*ZI 

* PHBPA HBPA Filter Failure Pre3SlU-e (Pal 
* XOV C w m r  Area (m 2̂1 
* MCOV Cwer Weight  Ikql 

* B2JN " 

CJN Loss coefficient mltipliea 0.5*ro'v^2 
+ IHORIZ Orientation: 1 - horizontal, 0 - ycrticI1 
* XWJN Characteristic width, m 
* XHJDl Characteristic height, m 
* X m  ChazacteriJtic length, m 
* DPJN Decontamination Factor 
* N90 NO. of 90 bends 

f elm EleYatlon WTf floor of IR1 opeeninq In) 
" In2 " " "  

Imm RNNULVS ANNULUS condenser 
-E OUTLET ItILt'I OUTLET outlet 

PATHS 1 2 3 I 5 
IJTYP 1 1 1 1 1 
Ill 3 1 3 2 4 
IR2 1 4 2 3 3 
IHORIZ 1 0 0 0 0 
XWJN 0.1000 0.1000 0,1524 0.1524 0.01 
XWJN 0.1000 0.1000 0.1524 0.1524 0 . 0 1  
XLJN 1000. 20 .  5 . 0  5 . 0  10.0 
AJN 0.03000 0.03000 0.07297 0.07297 0.030 
ZlJN 1.0 12.0 1 .00  12.00 10 .0  
z2JN 12.0 1 . 0  12.00 1 .00  10.0 
CJN 5 .  5 . 0  2 .0  2 . 0  5 . 0  
DPJN 1 . 0  1 . 0  1 .0  1 . 0  1 . 0  
N90 0 0 0 0 0.0 
WILTER 1000. 10000. 1000.0 1000.0 15000. 
IPW 0 0 0 0 1 
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w m  0.0 0.0 0.0 0.0 0.46  
END PATHS ! PAWS is a s-nt. 

END JUNCTIONS ! JUNCTIONS is I ccarmcnt. 

CORpCIrlng files sSsS.dat and SSLVl.DAT 
***** rrsr.dat 
DST AZ-101 5s Conditions; fin heat transfez 
500 acfm primary ventilation. no annulus ventilation, condenser 
END TITLE ! Anything after END is a conment 

DST AZ-101 SS Conditions; fin heat txansfer 

END TITLE ! Anything aftex END is a conrmnt 

***** SSLVl.DAT 

.. restart u/ no scfm primary ventilation. no annulus ventilation, sondenaer 

****. 

***** ssss.dat 
TIMNG ! Keyword 
TSTART 0. ! START TIME, >O FOR RESTART RUN 
TLAST 10000000.! END TIME 
DTMIN ! MIN TIEIESTEP fsccondsl 

iff** SSLV1.DAT 
TIMING ! KewDrd 
TSTART 10001600. ! START TIME, >O FOR RESTART RUN 
T W T  50000000.! FXD TIME 
DlllIN ! MIN TIMESTEP fSscands1 

t**f* 

***** ssss.dat 
10.0 1.0 
100.0 5.0 
1000.0 5.0 

100000.0 5.0 

10.0 1.0 
100.0 1.0 

***+* SSLV1.DAT 

1000.0 1.0 
100000.0 5.0 

I.**. 

***** s9ss.dat 
5.0 1.0 
100.0 20.0 
1000. 20.0 

100000. 20. 

5.0 1.0 
100.0 5.0 
1000. 5.0 

100000. 20. 

***** SSLV1.DAT 

**.*. 
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***** ssss.dat 
PLTMIN ! MIN PLOT INTERVAL (Seconds1 
0.0 1000.0 
10000.0 1000.0 

PLTMIN ! MIN PLOT INTERVAL lsecondal 
***** SSLV1.DAT 

0.0 0.05 
10.0 1.0 
100.0 10.0 
1000.0 100.0 
10000.0 1000.0 

till. 

***** ss8s.d.t 
PLTHRX ! MAX INTERVAl. WITHOUT PLOT 1Sesondal 
0.0 1000.0 
100o.o 1ooa.o 

SSLVl . DAT 
PLTHAX ! MAX INTERYAL WITHOUT PLOT (Seconds) 
0.0 0.1 
10.0 10. 
100.0 100. 
1000.0 1000.0 

t t*ff  

**.++ ssaa.dat 
0.0 1.E7 
5.E6 1.E6 

***** SSLV1.DAT 
0.0 1.E7 
3.E6 1.E7 

I*.+. 

***** sasr.dat 
HS-TA 1 
WCOND-PL STEAM 
WCOND-HSO STEAM 

HS-TA 1 
HS-TI 1 
HS-TO 1 

***** SSLVl.DAT 

3 1 5 6 7 8 9  
1 1  
2 1 18 

3 4 5 6 1 8 9  
9 
9 

I 

! Condensation rate of steam on pool 
! Condensation sate of steam on ha-1 

~~ 

AER-MASS WASTE 4 1 2 3 4 

WCOND-HSO STEAM 2 1 18 ! Condensation rate of steam on hs-1 
WCOND-PL STEAM 1 1 ! Condensation rate of a t e m  on pool 

It.*. 

*+**+ srss.dat 
IPLTYP 2 ! =1. n o m 1  n q  wrap-around -2. spreadsheet no wrap-around 
W D  ACTIVE MODELS ! ACTIVE MODELS is a conrent 

*+*** SSLV1.DAT 
IPLTYP 2 ! -1. n o m 1  ‘“p wrap-around =2, spreadsheet no wrap-around 
IAEB 1 ! BOILING AEROSOL GENERATION 

END ACTIVE MODELS ! ACTIVE MODELS is a Conment 
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***** ssss.dat 
IXR1 4 
IXRZ 1 
IDUTY 0 

IXRl 4 
***** SSLV1.DAT 

IXRZ 3 
IDUTY 0 

*t*t* 

***** ssss.dat 
* EXTRAPOLATION-TIMETG lAST 
*TIMETG 4 0.0 1.E10 
'TGFIX 4 15.0 15.0 

***** SSLV1.DAT 
* EXTPAPOLATION-TIMETG lAST 
* TIMETG 4 0.0 1.E10 
* TGFIX 4 15.0 15.0 

t*tt* 

***** sssa.dat 
* EXTRAIOLATION-TINEPG MTRAP 
'TIMEP 4 0.0 1.E10 
'PRFIX 4 0.9840E5 0.9840E5 
END 
***** SSLV1.DAT 
* EXTPAPOL%TION-TIHEPG E X T W  

* PRFIX 4 1.0135E5 1.0135E5 
END 

TIKEP 4 0.0 1.E10 

***** 

*****  ssss.dat 
AHS 143.891 
TIINIT 54.00 
TOINIT 54.00 
IHSLAB 3 

AHS 143.891 
TIINIT 54.00 
TOINIT 54.00 
IMSLAB 3 

***+* SSLVl.DAT 

ttttt 

"*** ssss.dat 
XLHS 2.00 
XZHS 1.0 
ZBHS 3.0 

XLHS 2.00 
***** SSLV1.DAT 

XZHS 1.0 
ZBHS 3.0 

*t**. 

143.891 
54.0 
54.0 

3 

143.091 
54.0 
54.0 
3 

2.00 
1.0 
1.0 

2.00 
1.0 
1.0 

Psge 24 $42 

71.946 
54.0 
54.0 
3 

71.946 
54.0 
54.0 

3 

1.0 
0.025 
0.0 

1.0 
0.025 
0.0 

411.0 
64.0 
64.0 
20 

411.0 
54.0 
54.0 
20 

22.88 
11.0 
0.0 

22.88 
0.1 
0.0 

411.0 
54.0 
54.0 

3 

411.0 
54.0 
54.0 
3 

22.08 
0.0 

-0.01 

22.88 
0.0 

-0.01 
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KFILTER 1000. 10000. 1000.0 1000.0 15000. 
IFAN 0 0 0 0 1 
W A N  0.0 0.0 0 . 0  0.0 0 . 4 6  

END PATHS I PATHS 1s a Foment. 
***** SSLV1.DAT 

KFILTER 1000. 10000. 1000.0 1000.0 15000. 
IFAN 0 0 0 0 0 
W A N  0.0 0.0 0.0 0.0 0.00 

END PATHS ! PATHS is a Foment.  
.tttt 

C.3 * DiR r Lbtin T -  b f r  
boiiinc aero901 Cencmtion 8md rwtlrl of SSLV1.DAT at 34 rQsvl 

Comparing files SSLVl.daL and ssLvR.mT 
* * * * *  SSLVl.dac 
TIMING ' Keyword 
TSTMT 10001000. START TI=, >O FOR RESTART RUN 
TLAST 50000000.' W D  TIHP 

* * * * *  SSLM.DAT 
TIMING * Keyword 
TSTART 30010000. START TINE, > O  FOR RESTART RUN 
TIAST 50000003.' END TIME f.... 

SSLVl .daf ..... 
1000. 5.0 

100000. 20. 
! PRINT I N T E R W  (Seconds1 DTPRIN 

***** SSLvR.DAT 
1000. 5.0 

100000. 100. 
DTPRIN ! PRINT INTERVAL (Secondal ****. 

***** SSLVl.dat 
FPPLCH 0.03 ! FPACTIONAL CHRNGE mR PLOTTING 

END TIMING ! TIMING is a c o m n t .  

***** SSLVl.dat 
QLIQ-HSO 1 9 ! liquid-to-hs hx 
END PLOT ! PLOT is a comcnt 

***** SSLYR.DAT 
QLIQ-HSO 1 4 ! liquid-to-hs hx 
w-m 4 1 2 3 4  
AERO-XD 1 1  
AERO-LSD 1 1 
DEPOSIT 1 1  

END PLOT ! PLOT is a coment 
ltttt 
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SOURCES 1 ! -- KEYWORD AND #I SOURCE GROUPS 
REGION 1 GASES 1 PHASE 3 !-- REGION #, W COE(P0UNDS. PHASE I 

S T W  !-- GAS NAMES MUST BE ON NEXT LINE 
0 26.1 0.0 O.OOES ! MIXER PUMP POWER 
1 . O E 9  26.7 0.0 0.00E5 ! MIXER PUMP POWER 

END REGION !-- ENDS A REGION SOURCE 
***** SSLVR.DAT 
SOURCES 1 
REGION 1 

OXYGEN 
0 100 

! -- KEYWORD AND U SOURCE GPaUPS 
GASES1 P H A S E 1  !-- REGION X, II COMPOUNDS, PHASE It 

!-- GAS NAMES MUST BE ON NEXT LINE 
. O  1.e-6 0.00E5 ! MIXER PUHP POWER 

1.OE9 100.0 1.e-6 0.00E5 ! MIXER PUHP POWER 
END REGION !-- ENDS A REGION SOURCE 

t t f**  

***** SSLVl.dat 
XRO 0.0100 4.0 11.448 11.448 11.448 
AHS 411.0 411.0 358.0 143.891 143.891 
TIINIT 45.00 20.0 49.0 49.0 49.0 

XRO 0.0100 4.0 11.448 11.448 11.418 

TIINIT 45.00 20.0 49.0 , 49.0 49.0 

***** SSLYR.DAT 

AHS 411.0 411.0 358.0 143.891 143.891 

c.4 5 w  Prooenier Pile 
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0 .10  0 .m 
0 . w  0.10 
0.m 0.m 
0.N 0.m 
0.m 0.w 

0.m 0.m 
0.m 0.m 
0.10 0.m 
0.m 0.m 
0.20 O.m 

0. 

0 .80  0 .60  
0.m O.EO 
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C.5 pout File for Validation with RMOU?~ to the DST 241-AZ-101 Vcntihtios Tm nsiant 

tff*~.~*tttt**..**l~.*******..*~~*.*******~.*~***~..*.**.*~******~...* 

* Underground DST with loan of coo l ing  
f . . * ~ f ~ t t t f f ~ . f * t ~ f t * * * ~ ~ ~ * ~ . ~ * ~ * ~ . . . ~ . ~ ~ * * * * * * ~ ~ . ~ ~ ~ ~ . ~ ~ ~ * * * ~ ~ . ~ * * ~ * ~  ._______-.....__________________________..----..-------------..------- 
CONTROL ! Major keyword group 
1_-..--_____....._______________________------------.----------------- 

TITLE ! Keyword; nex t  l i n e  is t i t l e ,  t i t l o  can be any l eng th*  - 
DST AZ-101 SS Condit ions;  fin hea t  t r a n s f e r ;  61KW 
r e s t a r t  v/ 100 acfm primary v e n t i l a t i o n ,  no annulus v e n t i l a t i o n ,  Condenser 
END TITLE ! Anything after END is a c o m n t  

+ 
TIMING ! Keyword 
TSTART 10001000. ! START TIME, >O FOR RESTART RUN 
TLAST 90000000.! END TIME 
DTMIN ! MIN TIMESTEP (Seconds) 

0.0 1 .0  
10.0 1 . 0  
100.0 1.0 
1000.0 1 . 0  

100000.0 50.0 
DTHAX ! 

0.0 1 .0  
Mplx TIMESTEP 

5.0 1.0 
100.0 5.0 
1000. 5.0 

, 
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100000. 100. 
DTPRIN ! PRINT INTERVAL (Seeondsl 
0.0 100000.0 
1000000. 1000000. 
10000000. 10000000. 
PLTUIN ! M N  PLOT INTERVAL (Seconds) 
0.0 0.05 

10000.0 1000.0 

100000.0 10000.0 
1000000.0 100000.0 
PLTHAX ! MAX INTERVAL WITHOUT PLOT (Secondal 
0.0 0.1 

10000.0 10000.0 
100000.0 100000.0 
1000000.0 1000000.0 ~~~ 

DTRST ! RESTART INTERVAI (Seconds1 
0.0 1.E9 
3.E6 1.E9 

ITPCH 0.001 ! FRACTIONAL CHANGE IN T AN0 P 
FAECH 0.001 ! FRACTIONAL CHANGE IN aeroaol mass 
FPPLCH 0.03 ! FRACTIONAL CHANGE FOR PLOTTING 

END TIMING ! TIMING i s  a conment. 

* COMPOUND LIBRARY ORDER FOR OUTPUT 
* This section allows user specification of the order 
* i n  which compound names are printed & placed i n  the 
* plot filea. This section i s  optional. but reco-nded. 
+ Using this section raves computation time by limiting 
* the range of loops. This section rearranges internal 
* storage to the uacr-defined order. and essentially 
* defines ai sub-library fm this case only. 

* FO-t: 
* The section begins with the keyword COMPOUND followed 

by the number of compounds to be used for this run. 
* Compound names are placed an succeeding l i n e a ,  

* Finish the list with the END keyword. 
* You can cornant a l i n e  in the list by putting 
+ the double asterisk **  i n  ads. 1 and 2. 
* Example [here col- 1 has * for co-ntl : 
* COMPOUNDS 8 
* STEDH OXYGEN NITROGEN 
* HEXONE CARBON-DIO 

* END 

* user caueatr: 
* 1. If this i b  invoked, it MUST PRECEDE m y  input section that 
* refers to compound names, such as plotting, sources, et=. 

f 

+ using up to 80 column,. 

WASTE WASTTEAC STmTRAC 
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* 2. The user must name ALL conpounda that are used i n  the 
* calculation, or else the conpound w i l l  be skipped. FOL 
* sxa@e there may be no combustion products initially 

present anywhere, but these m a t  be named to be used later. 
* 3. Spelling must be identical to names in GASPR0P.DAT 
* Check the log f i l e  for mi-spelling w a m i n g a .  

COMPOUNDS 4 

UID 
STEAM OXYGEN NITROGEN WASTE 

PLOT ! Keyword for plotting section 
* Plotting syntax: 

* PRESSURE n rlist - Pressure, Pa 
* GAS-T n rlist - Gas Tamperilture, K 
* LIQ-T n rlist - Liquid Temperature, K 
* LIP-EL n rlint - Liquid Level, rn 
* HS-TI n hlitlt - Heat Sink Tunperatvro - Inner Surfacs, K 
HS-TO n hliat - Heat Sink  Tunperature - Outer Suface ,  K 

* HS-TA n hlirt - Heat Sink Temperature -Average. K 
* AEROSOL n rlirt - Aerosol Mass (Totall, kg 
* GAS-W n jlist - Mara Flourate. kg/r 

* SPECIAL-X n Xlist - Special model state variable 
* SPECIAL-R n X l i s t  - Special model rate variable 

* GAS-RH GASNAME n rlist - Gas Relative Humldity 
GAS-MASS GASNAME n rliat - Gas I&ss 1Speciesl. kg 
AER-MASS GASNAME n rlist - Aerosol Mass (Species), kg 

* MASS GASNAME n =list - Total Mass (Specierl, kg 
* LIQ-MASS - GASNAne n =list - Deposited I&ss (Spocier), kg 

* Pressure, Gas Tempsraturc, and total aeroaol mass requiec a region 
* list 

* Heat Sink TUnpCratYzeS need a heat sink nunber list 

GAS-WX n jlist - Countercurrent Mass Flourate, kgla 

* GAS-x GASNAME n rlist - G ~ S  noic Fraction 

* Flowraten need a junction number list 
1 

* Gar concentration, relative humidity, individual species gas mass, 
individual species aerosol mars, total 1gas+aeroaoll individual 

* species mass, and individual species deposited liquid mars require 
* a region and gas name 

* special state L rate variables are: 
* 1= Waste surface entrainment during a burn 

2- Tank surface entrainment during a burn 
* 3= Waste surface entrainment during blowdown 
* 4- Unused, reserved for tank Surface entzllimnt during blowdown 
* 5= Total entraiment 

* 

* 
PRESSURE 4 1 2 3 4 ! Presllum 
GAS-T 4 1 2 3 4 ! Gar Temp 
LIP-T 2 1 4  ! L tcnps 
LIQ-EL 2 1 4  ! L elevation, 
GAS-X NITROGEN 1 1 ! NZ Concentration 
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GA-X OXYGEN 1 1 ! 02 cO"Eentr.tion 
GA-X S T M  1 1  ! HZO concentration 
GAS-W 4 1 2 3 4 ! Gas flow rates 
HS-TA 7 3 4 5 6 7 8 9  
HS-TI 1 9  
HS-TO 1 9  
A E R - W S  WASTE 4 1 2  3 4 
WWND-PL STFAM 1 1 I Condensation rate of atcam on pool 
WCOND-HSO  ST^ 2 1 i n  ! Condensation rate of steam on hs-1 
WCOND-HSI STFAN 4 2 3 4 18 ! Condensation rate of s t e m  On ha-2 L 

> 

QGAS-HSO 8 1 3 4 5 6 7 8 13 ! gas-to-hs hx 
QGAS-HSI 7 2 3 4 5 13 15 16 ! gas-to-hs hx 
QGAS-POOL 1 1 ! gas-to-pool hx 
QLIQ-HSI 4 4 5 6 7 ! liquid-to-ha hx 
QLIQ-HSO 1 9 ! liquid-to-hr hx 
END PLOT ! PLOT ia a c o m n t  

PRINT 

END 
HS 18 1 2  3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

1 

ACTIVE MODELS ! Keyword; MODELS is a comment; 1 - on, 0 = off 
IJUNC 1 ! Junction f l o w  model 
ICCFLW 0 ! Counter-current f l o w  model 
IHSINK 1 ! Heat sinks 
IHXPOL 1 ! gar-pool heat/mais transfer 
ICNDS 1 ! Condensation 
IASED 1 ! Aerosol Sedimentation 
IALFAK 1 ! Aeroaol Leakage 
IFOG 1 ! Fog formation 
ISRC 1 ! User-defined souzces 
IQDECAY 1 I Decay power 
IMCO 0 ! MCO models 

ILXFER 1 ! Liquid transfers 
IDCRT 0 ! DCRT Run* 
IPLTYP 2 ! DO NOT WRAP AROUND 

ISENS 0 ! sensitivity r"", 

END ACTIVE MODELS ! ACTIVE MODELS is a Conment 

MODEL PAPAMETERS 
AGAM44 2.5 ! Shape factor for "onsphericity for coagulation 
ACHI 1.0 ! Shape factor for nonaphericity for stokes'law 
AFFE 1.0 ! Collision effioisnsy: 1.0 Rlcha. 0.33 Prupscher-Klatt 
ENT-BOIL 2.E-7 ! Bailing entrainment coefficient 

END MODEL PARAMETERS 

C DECAY POWER 
C 
DECAY 

END 
WASTE 0.03415 

C SOURCE GROUP: GROUPS REPERTED FOR INPUT # OF REGIONS 
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C END OF GROUP DESIGNATED BY 'REGION' OR 'END' KEYWORDS 
C ENTER: TIME, TEIIP, FLOHRI\TES, POWER 
C SYNTAX W P L E :  
SOURCES 1 , . _ _  KEYWORD AND W SOURCE GROUPS 
REGION 1 GASES 1 PHASE 3 !-- REGION 1, # COMPOUNDS, PHASE # 

STEFM ! __  GAS " E 5  HIIST BE ON NEXT LINE 
0 2 6 . 7  0.0 0.00E5 ! MIXER PUMP POWER 
1.OE9 2 6 . 7  0 . 0  0.00E5 ! MIXER PUMP POWER 

END REGION ! _ _  ENDS A REGION SOURCE ~~ ~ ~~ 

END SOURCES 

PHASE INDEX:. l=GAS, 2=AERO. 3=LIQUID 

1 

END CONTROL ! End of CONTROL keyword group 

.____..____________..-....----------.-.....------------------..------- 
* OPERATIONS 

OPERATIONS 

f 

* . . 
* 
* 
(I 

(. 

(I 

t . 
* 
* 
f 

f 

OPERATIONS ! Keyword to begin this section 

Keyword groups go here as described below. Aotive groups are: 
TRANSFER 

END OPEPATIONS ! end is a comment here 

WASTE TPANSFER SYNTAX: SAMe AS REGION C JUNCTION SYNTAX, COLUNNS 
TFJNSFER iliat Keyword TRANSFER followed by list of indices 

each index is a transfer index I 
KEYWORD rlist Keywozd name (see list below) and column values 

corresponding to ilist above 
END End this section 

Use 5 transfer CO~WRDI per set maximum, then repeat the group 
Maximum of 30 defined transfers 

Waste is transferred from region IXRl to IXR2 at constant 
volvmetric flowrats W-XFER or at a pulsed flowrate 
during the active duty cycle time DUTY-ON. followed by 
the idle cycle duration DUTY-OFF. 

Transfers ataxt at time T-STMT and end at time T-END. 
Rational level controls also exist for transfers. 
Transfer begins when donor region level exceeds 

the high level ZL1-HI. 
donor level exseed, region top d n u s  1 m. 

Transfer ends when donor region level falls below 
the low level ZLl-LO. 

TTansfer ends when receiver region level exceeds 
the high level ZLZ-HI. 
~ e c e i v e r  level exceeds region top minus 1 SR. 

if a region becomes "solid", and transfers or 
sources into a full region are the cause. R-dy by 
better Control over intended transfers. 

Default begins transfer if the 

Default ends at 1 pn elevation. 

Default ends transfer if the 

The program will abort due to errors in PTREGl Or FTREGZ 
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* waste can be cascaded i n  a series of t a n k s  via a series 

* Waste can f low in both direct ions con tml l ed  by level, 
of trainsfera i n i t i a t e d  on level. 

using a p a i r  of t ranrfezs ,  one in each d i rec t ion .  . 
* WASTE TRANSFER KEXWORD DEFINITIONS . 
* I X R l  

I X R 2  
* IDUTY 
* I R 1  H I  

* T-ZTMT 
T-END 

* DUTY-ON 
* DUTY-OFF 

TRANSFER 
I X R 1  
IXRZ 
IDUTY 
I R 1  HI 
W-XFER 
T-START 
T END 

DUTY~OEF 
ZLl-HI 
ZLZ-HI 
Z L l  10 

"FRMI" I (Mj I0N 
"TO" REGION 
1- USE DUTY CYCLES, O= CONSTANT FLOW 
1- BEGIN ON HIGH LEVEL I N  IXR1,  O= IGNORE 
NOMINAL VOLUMETRIC FLOWPATE AT ZERO DP WHEN ACTIVE 
TIME TO S T M  XFER FLOW 
TIME TO END XFER FLOW 

DUTY CYCLE TIME mR NO [OFPI  TRANSFER FLOW I F  PERIODIC 
TOGETHER THESE CYCLE TIMES DEFINE A COMPLETE CYCLE 

DUTY CYCLE TIME mR TRRNSFER IZOU IF  PERIODIC 

HIGH LEVEL I N  *FROM" REGION THAT BEGINS X m R :  
Z L R I I X R I I  > ZLl-HI. DEFAULT: 1 N FROM TOP 

HIGH LEVEL IN "TO" REGION THAT ENDS X W R :  ~~ 

Z L R l I X R 2 )  < ZL2-HI. DEFAULT: I M FROM TOP 

Z L R l I X R 1 )  < ZLl-LO. DEFAULT: 1 CH FROM BOTTOM 

1 
4 
3 
0 
1 

1 . E 6  
0 .0  
l . O E 1 0  
100 .  
100.  

LOW LEVEL I N  "FROM" REGION THAT ENDS XFER: 

10 .0  
1 . 4 1  
1.00  

END TRRN-SFER 

END OPERATIIONS 

MLUMES 4 ! t o t a l  number Of c o n t r o l  v o l u m e s  

NO more than 5 columns [regions) a t  a t i m e  

+ VOLUME rn-3, SED-ARFA m"2, ELEVATION m, TmP-GAS K, PRESSURE P a  

.___--__________________________________.-..----------------.--------- 
*_____ __.__.______._____________________-----------------------...---- 

units: 

T W K  ANNULUS A m b i e n t  C o n d e n s e r  
REGIONS 1 2 3 4 

VOLUME 5338. 623 .18  1 . E l O  1 0 0 0 .  

ELEVATION 0 .429  0.0 15. 16. 

PRESSURE 101350. 1 0 1 3 5 0 .  101350. 101350. 
ZTOP 1 2 . 9 9  11.0 1 . E 6  1000. 

SED-= 4 1 1 .  0 .0  0 .0  0.0 

TPIP-GPIS 4 5 .  22 .0  22. 10.0  

~~~ 

2-LIQ 1 . 4 1  0;01 0 .00  990.0 
T m P - L I Q  4 9 . 0  2 8 . 0  2 8 . 0  10.0  

END REGIONS ! REGIONS is a cement 
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f 

* Gas composition of each region? speoify mole fraction of *ech gas 
f No more than five coluavlr at a time 

f TANK ANNULUS AnBIENT CONDENSER 

STEW 0.100 0.1 0.0023 0.0100 
OXYGEN 0.189 0.189 0.2077 0.2000 
NITROGEN 0.711 0.711 0.1900 0.7900 

* 

GASES 1 2 3 4 

WID GASES ! GASES is a conment 

TANK ANNULUS AHBIENT CONDENSER 
LIQUIDS 1 2 3 I 
STeAH 0.180 1.0 1.0 1.0 
WASTE 0.220 0.0 0.0 0.0 

END LIQS ! LIQS is a comment - 
f Aerosol soncentracion of each region lkg/m*3) 
* No more than five col-s at a time 

*AEROSOLS 1 2 3 4 5 
* WASTE 0.000 0.0 0.0 0.0 0.0 

* 

'WID AEROSOLS ! AEROSOLS 1s a coment 
* OFFSET-TIMETG 
* EXTRAPOLATION TZMETG 
f TIMETG REGION # TIME1. TIME2...TIMELAST 
1 TGFIX REGION 1 TEMPI, TEMPZ... TMPLAST TEMPS ARE IN C!!! 
* LINFAR INTERPOLATION BETWEEN VALUES 

* SIMIIAR SYNTAX FOR PRESSURE: 
* OFFSET-TIMETG 
* EXTRAPOLATION-TIMEPG 
* TIMEP REGION # TIME1, TIME2... 
* PRFIX REGION (1 PRES1, PRESZ...PRESSURES ARE IN PA!!! 

* OFFSET_TIMETG= OFFSET TIME? ENTER W K U P  TABLE WITH 

f EXTRAPOLATION TIMETG= W T  TO USE W T  VALVE IN THE TABLE, 
TIMEtOFFSET-TIMETG 

- 
1 = EXTRAP TO EXTRAPOLATE FROM W T  TWO POINTS, 
f - PERIOD TO WRAP AROUND. 
* EXTRAPOLATION-TIIG lRST 
* TIMETG 4 0.0 1.E10 
* TGFIX 4 15.0 15.0 

* CONTROL BOUNDARY P, 

* EXTRAPOLATION TIMEPG FXTRAP 

OFFSET-TIHETG 0. 

* OFFSET-TIMEPG 0. 
- * TIMEP 4 0.0 1.E10 

f PRFIX 4 1.0135E5 1.0135E5 
RNO 

~~~ 

NO more than 5 col-s at a time. 
+ Repeat the following strUctU=e, 
* SINKS 
f 
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f .  
1 .  

+ END 

f syntax: 
IGFQM 1 for plane, 0 or 2 for cylindei 

* IORlHS 0 for vertical, 1 for horizontal 
* RHO Densitv IkalmA31 
* rols T h e m i  Co~dustivity i W / m / K )  
f CPHS Specific Heat lJ/kg/Kl 
* QV Volumetzic neat Generation (wlmA31 

XRI Inner Radius L0.1 
XRO Outer Radius lml;  for plane wall, thickness = XRO-XRI 

* A B S  One-sided heat sink area (~"21 
* TIINIT Initial inaidc surface temperature IC1 
* TOINIT Initial outside surface temper=ture IC1 
* IMSSLAB Nvmber of slabs; 3 is minimum 
* IREGI Region index for inner surfaca or 0 linsulatedl 

.. 1 or -1 foc constant tMpe1at"re 
* TIHS Region surface temperature when IREGI = -1 IC) 
* IREW Redon index foe outer surface or 0 Iinrulatedl 
f or -1 for constaint temp*T.tYre 

f xLHS Characteristic length far natural convection lml 
* Ens1 nhtssivity Of inner surface 

* TOHS Region surface temperatura when IREW = -1 (Cl 

* ENS0 nhtaaivity of Outel. surface 

SINKS 1 2 3 4 5 
tank tank top tank wall tank wall tank wall 

c e i 1 i " g SOfl fir*t second third 
IGMM 1 1 2 2 2 
IORIHS 1 1 0 0 0 
IMATHS 1 2 1 1 1 
X R I  0.0000 0.0 11.438 11.438 11.438 
XRO 0.0100 4.0 11.448 11.448 11.448 
AHS 411.0 411.0 358.0 143.891 143.891 ~ ... ... 
TIINIT 45.00 20.0 49.0 49.0 49.0 
TOINIT 45.00 45.0 49.0 49.0 49.0 
IMSW 3 20 3 3 3 
IREGI 0 3 1 1 1 
TIHS 0.0 0.0 0 . 0  0.0 0.0 
IREW 1 0 2 2 2 
TOHS 0.0 0.0 0.0 0 . 0  0 . 0  
x L n s  22.88 22.88 5 . 0  2.0 2.0 
xzns 0.0 0.0 2.50 1.0 1.0 
ZBHS 12.99 13.00 8.75 7.0 5.0 
ZTHS 13.00 15.1433 12.98 8 . 7 5  7.0 

END 

SINKS 6 7 8 9 10 . tank wall tank wall tank wall non-convective tank . fourth fifth sixth layer floor 
IGWM 2 2 2 1 1 
IORIHS 0 0 0 2 2 
IMATHS 1 1 1 3 1 
X R I  11.438 11.438 11.438 0.0 0.0 
XRO 11.448 11.448 11.448 0.43 0.01 
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ABS 143.891 71.946 
54.0 
54.0 
3 
1 
0.0 

411.0 
54.0 
54.0 
20 
0 
0.0 
1 

411.0 
54.0 
54.0 

TIINIT 54.00 
TOINIT 54.00 
IMSLAB 3 

54.0 
54.0 
3 
1 
0.0 

3 
0 
0.0 
0 

TIHS 0.0 
IREGO 2 
TOHS 0.0 

2 
0.0 
2.00 
1.0 

2 
0.0 
1.0 
0.025 

0.0 
22.88 
0.1 
0.0 

0.0 
22.88 

~~~ 

XLHS 2.00 
XZHS 1.0 
ZBHS 3.0 
ZTHS 5.0 

END 

0.0 
-0.01 

0.0 
1.0 
3.0 

0.0 
1.0 0.43 

* 
SINKS 11 
+ tank bottom 

concrete f 

IGEOM 1 

12 

*Oil 
1 

tank bottom 
13 

soil 
1 
1 

annv1vr top 
14 

annulus wall 
Soil 

0 
0 

15 
annul"* wall 

concrete 
0 
0 
4 

'' IORIHS 2 
IMATHS 4 
X R I  0.0 

2 
2 
0.0 

30.0 
411.0 

2 
0.0 

4.0 
411.0 

2 
12.707 

112.707 
1223.82 

12.225 

861.59 
49.0 

12.707 
~~~ 

XRO 0.4572 
ABS 411.0 
TIINIT 49.00 
TOINIT 49.00 
IMSLAB 20 

12.0 
49.0 
20 

20.0 
49.0 
20 
3 

0.0 
2 
0.0 
0.162 

49.0 
25.0 
20 
0 

0.0 

45.0 
20 
2 
0.0 

IQ.EGI 0 
TIES 0.0 
IREGO 0 

~~ 

-1 
12.0 

0 
0.0 

0 
20.0 
0.0 
0.0 
0.0 
11.0 

0 
0.0 

11.0 
0.0 

~~~~~ 

TOHS 0.0 
XLHS 0.0 
XZHS 0.0 
ZBHS -0.4826 
ZTHS -0.0100 

END 

0.0 
0.0 

-10,4826 
-0.4826 

4.0 
10.99 
15.0 

0.0 
11.0 

SINKS 16 17 18 
f annulus bottom annulua bottom condenser 

concrete soil 
IGEOM 1 
IORIHS 2 
IMATHS 4 

1 
2 
2 
0.0 

1 
1 
5 

o.n XRI 0.0 
XRO 0.4572 

56.707 
25.00 
45.00 
20 

10.0 
56.701 
20.0 
45.0 
20 
-1 

20.0 
0 

0.0 
0.0 

... 
0.01 

1000. 
10.0 
10.0 
3 
-1 
10.0 
4 
10.0 

1000.0 

AHS 
TIINIT 
TOINIT 
IMSLAB 
IREGI 
TIHS 
IREGO 
TORS 
XLHS 
XZHS 
ZBHS 
ZTHS 

END 
(I 

0 
0.0 
2 

0.0 
0.762 
0.0 

-0.4572 
0.0 

0.0 
-10.4826 
-0.4826 

0.0 
1015.0 
1016.0 
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* name index rho khr cp qv ehrl 
VATERIAL 

STSTEEL 1 8000. 16. 500. 0. 0.15 
SOIL 2 1500. 1.0 1840. 0. 0.75 
SLUDGE 3 1640. 0.9 2255. 186.0 0.15 
CONCRETE 4 2200. 0.6 880.  0. 0.75 
TUBE 5 10000.0 1000.0 10000. 0.0 0.5 

END 

COND-NETWORK 3,4.5,6,7,8 
SANDWICH 9 1000. 10 1000. 11 1000. 12 
SmDWICH 1 1000. 2 ~. ~ ~ 

SANDWICH 14 1000. 15 
SANDWICH 16 1000. 17 
f 

* USER CAN CONTROL HEAT SINK BOUNDARY TMPERATURE 
* SYNTAX: 

.. (I OFFSET-TIMEHS 
f EXTRAPOLATION-TIMFXS 
II TIUTHS IHS ISD TIEIEl, TIMEZ... 
1 THSFIX IHS ISD T M P 1 ,  TB(P2.. 
* IHS = HEAT SINK NO.; ISD - SIDE NO. (1 OR 21 mR IHS 

* OFFSET-TIMEHS 0. 
* CONTROL HEAT SINK BOUNDARY T 

'FXTPAPOL4TION-TIHeHS EXTRAP 
* TIMTHS 15 2 0.0 1.E6 
f THSFIX 15 2 85.0 85.0 
f TIMTHS 30 2 0.0 1.E6 

* TIUTHS 41 2 0.0 1.E6 
* THSFIX 41 2 85.0 85.0 
* TIMTHS 42 1 0.0 1.E6 
* THSFIX 42 1 85.0 85.0 
* TIUTHS 43 2 0.0 1.E6 
f THSFIX 43 2 85.0 85.0 

END HEAT SINKS ! HEAT SINKS is a conment 

eheo 

0.15 
0.75 
0.75 
0.75 

0.5 

JUNCTIONS 5 ! 4 Junetiona 

f syntax: 
* I ~ Y P  Junction Type: 1 = Normal, 2 = HEPA, 3 - Cover 
* IR1 Urwcream Realon 
* IRZ Downstream Region 
* AJN Area 1m-21 
* M Y P  Bypass area for HEPA junction lm*Zl 
f PHEPA HEPA Filter Failure Pressure [Pal  
* ACOV Cover Area lm*21 
* HCOV Cover Weight Ikq) 
* elm Elevation wrt floor of IR1 opening Iml 
f e 2 m  -- 
* CJN ~ ~ s a  coefficient multiplier 0.5'rho*vA2 
* IHORIZ orientation: 1 = horizontal, 0 = vertical 
* mm Characteristic width, m 
f XHJN Characteristic height, m 

.. ,. ,. IRz I, 
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* XLJN Characteristic l eng th ,  s 
DFJN Uecontaminacion Fac to r  

* N90 NO. of 90 bends 

P- 39 of 42 

f 

* INLET ANNUUIS 
* LEAKAGE OUTLET INLET 

PATHS 1 2 3 
IJTYF 1 1 1 
I R 1  3 1 3 
IRZ 1 4 2 
I H O R I Z  1 0 0 

WNUUIS condensel: 
OUTLET O u t l e t  

4 5 
1 1 
2 4 
3 3 

0 0 
xwm 0.1000 0.1000 0.1524 0.1524 0.01 
X H m  0.1000 0.1000 0.1524 0.1524 0 .01  
XLJN 1000. 20. 5 .0  5 .0  10 .0  
Am 0.03000 0.03000 0.01291 0.01291 0.030 
Z l J N  1.0  12.0 1 . 0 0  12.00 10 .0  
z2JN 12.0 1.0 12.00 1 .00  10 .0  

2 .0  2.0 5 .0  CJN 5. 5 . 0  
DFJN 1.0 1 . 0  1 .0  1 . 0  1.0 ~~ 

N90 0 0 0 0 0.0 
KFILTER 1000. 10000. 1000.0 1000.0 15000. 
IFAN 0 0 0 0 1 
m A N  0.0 0.0 0.0 0.0 0 . 0 4 1  

END PATHS ! PATHS is a C O m n t .  
f 

f 

END JUNCTIDNS ! JLBlCTIONS is a soment. 
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Appendix D. 

Quality Auurance Documentation 

Included here are: 

1. Calculation Note Cover Sheet, and 

2. Calculation Note Methodology Checklist. 
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FAUSKE & ASSOCUTES, INC. 

CALCULATION NOTE COVER SHEET 

ECTION TO BE COMPLETED BY AUTU0-b 

p.sc: A 
BOhtALWO313 0 IXc-Nac Number: 03 REvirian Number: 

Title: DST B o i l i i m  MlhHADCRT 1.4 
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CALC NOTE NUMBER: BOMALINWl303 REV. 0 PAGE 

CALCULAnON NOTE METBOWLOGY CUECKLIST 

CHECKLlST To BE COMPLETED BY ALlTlTORO (CIRCLE APPROPRIATE RESFaNsEj 

1. 

2. 

3. 

1. 

5. . .  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

IS. 

IS the mbjm aodlorthc p u p x  of& wgnmdysir dolry 
alated7 

A r c t h c q u i r e d i n p J t a m l h e i r ~ s ~ 7  

Arc thc panuoplionr clcvly idmtifld and] 

~ r c  thc metbods rmd d b  ckdy i d ~ n i i i d 7  .............................................. 
Hwcthelimirsofapplicabililybcol~ed7 N O .  N I A  
(is.. IS thc anslysir for a 3 or4 Imp plant or for a rWc app4katirn.) 

A r c t h c & t s o f l i ~ s a n h a , i f m n d u s l r 4 o r o t b c r ~  
data pmvided? 

......... ..........a NO . NIA 

NO . NIA 

.......................................... 

............................................................... ............YES . NO ,a 
.................... ........... NO 

........... la the pmjkt or shop ordo clearly idcni6edl .................... 
Hasthcquirsdwmpl~r~minfodmbecn pwidcdl ................... z .  NIA 

Wenthcmmp~pduPsd&dcrmnSyntiollmotml? ............................. YES . NO 

Wan thc omplm eode(:) used applkabk for mcddins thc physical 
d o r  wmputstid pmtkms i W d 7  .................................................. NO . NIA 
(i.c.,irthcmmRwmgutermdcbcinglrxd~thcintcldcdpurpox.) 

Arc the naulta and amclvdm clearly stated7 ............................................. NO 

~ r c  0- ~tcm pmpcrly idrmificd ............................................................... YES . NO .a 
Were Dcrign Conrml paSt icafdIdwithm1 ~ o n 7  ............ YES . NO e13 
(AppwcdDaign Cmml V rdcnul guidna daumnu within 
N ~ s e r v i a r ~ ~ h o w t h c ~ ~ i ~ l o b o p u l o m r s d a v h u b a w  
to @Dm P LOCA I m d l y r i S . )  

m e  all rslstad wnrmct quiravnb bceo mct? ......................................... NO . NIA 
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