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SVMMARY

The TEMPEST (Trentand Eyler 1991) and PART5 computercodes were used to

predictthe probablelocationsof particledepositionin the suction-sideplenum

of the 291-Z building in the 200 Area of the HartfordSite, the exhaustfan

" buildingfor the 234-5Z,236-Z, and 232-Z buildingsin the 200 Area of the

Hanford Site. The TEMPESTcode providedvelocity fields for the airflowthrough

' the plenum. These velocity fieldswere then used with TEMPEST to provide

modeling of near-floorparticleconcentrationswithout particlesticking (100%

resuspension). The same velocity fieldswere also used with PART5 to provide

modeling of particledepositionwith sticking (0% resuspension). Some of the

parameterswhose importancewas testedwere particlesize, point of injection,

and exhaustfan configuration.

The predictedlocationsof particle accumulationin the 2gI-Z building are

considerablydifferentfor the 0% resuspensioncase (PARTS)than for the 100%

resuspensioncase (TEMPEST). We expect that for most particles,the no-

resuspensionresultswill apply becauseof the probable stickinessof the floor

and becausesmall particles (under20 /_min size) tend to remain where they are

depositedunless the air velocity is substantiallyincreased. However, some

large "fluffy"particlessuch as might come from broken filtersmay deposit

accordingto the resuspensioncase. In addition,given a sufficientamount of

condensate,some disposedcontaminantswould be transportedfurther south to a

low spot.

Although the two fan configurationsthat were tested were fairly dissimilar,

the near-floorconcentrationpatternsin the 291-Z buildingpredictedby TEMPEST

for the two configurationswere very similar. In both cases the particlesin the

relativelyslow flow from the 232/236-Zexhaustcontributeda disproportionately

high fractionof the depositionfor any given particle size. The locationof

. maximum concentrationsalso varied with particle size. For large (100-_m)

depositingparticles,the major estimateddepositionareas includedthe incline

, below the inflowfrom 234-5Z,the floor just below the incline,a region running

diagonallyfrom fan EM-I to EM-6, and a broad area of the floor opposite the

inflow from 232/236-Z. Smallerparticlesthat might be carried along some

distance before depositingmay accumulatealong the floor from below the fan EM-7

iii
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inlet to the inflow from 232/236-Z and also in the southeast corner. The

possibility that some fans may accumulate more internal contamination than others

was also illustrated by the results from the PART5model for lO0-/_mparticles.
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1.0 INTRODUCTION

There has been concernthat plutonium-containingparticulatematerial

may have been depositeddownstreamof the final high-efficiencyparticulate

air (HEPA)filtersduring the 40-plusyears of operationof the Plutonium

• FinishingPlant (PFP) complex in the 200 Area of the HanfordSite. One of the

potentiallycontaminatedareas is the 2gI-Z building,which houses the final

, exhaustplenum, fans, and dischargestack for the 234-5Z (PFP),232-Z

(incinerator),and the 236-Z (plutoniumreclamation)buildings. Some of the

particlesdepositedin the plenumwould have come from the very small fraction

of particlesthat passedthrough the HEPA filtersduring normal operations.

Additionalmaterialmight have come from resuspensionof contaminatedrust in

metal ducts (especiallythe 236-Z duct) or from the few events (such as

hydrofluoricacid processexcursions)that damaged the final HEPA filters.

One motivationfor this study is the need to minimizepersonnelor

equipmentexposureduring possiblefuture decontaminationor measurement

programs in the ventilationducts downstreamof the final HEPA filters. An

indicationof the expected locationsof maximumcontaminantdepositionwould

be an aid to planning such programs. The modelingeffort reported here was

concernedonly with the centralplenum portionof the 2gl-Z buildingwhere the

exhaustairflowsdrawn from the 234-5Z,232-Z (untilDecember 1990), and 236-Z

buildingscombined together. Becauseof its size and the resultinglow air

velocity,this plenum appearsto have a higherpotentialfor the accumulation

of depositedparticlesthan other smaller (high air velocity)ducts. It is

directly from this plenum that the exhaustfans draw ventilationair (from the

connectedbuildings)for dischargethroughthe adjacent291-Z-Istack. Other

potentialaccumulatingdepositionsites may be the fan dischargeplenums,but

they are not addressedin this report.

In this study, PacificNorthwestLaboratory(a)staff used the TEMPESTI 6

(Trentand Eyler 1991) and PART5 computermodels to estimatethe locationsof

contaminantdepositionin the centralplenum of the 2gI-Z building. Section

(a) PacificNorthwestLaboratoryis operatedfor the U.S. Departmentof
Energy by BattelleMemorial Instituteunder ContractDE-ACO6-76RLO1830.
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2.0 detailsthe j....um configuration.Section3.0 presentsinformationabout

the anticipatedcontaminantparticle-sizedistribution,Section4.0 presents

the modelingtechniquesusedand Section5.0 presentsthe resultsgivenby the

models. Finally,Section6.0 presentsthe conclusionsdrawnfromthe results.
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2.0 SYSTEHCONFIGURATION

Figure 2.1 shows the orientation of 291-Z relattve to the other

buildings tn the complex. A large overhead duct brings ftltered exhaust air

from 234-5Z to the north end of the suction-side plenum of 291-Z. Smaller

• ducts carry ftltered exhaust air from 232-Z and 236-Z to a commonport on the

east side of the suction-side plenum of 291-Z. (In December 1990, the 232-Z

• butldtng was isolated from the 236-Z duct and swttched over to tts own new

ventilation exhauster.) The figure also showsthe four electrtc 6ans on the

west side of the plenum. The standby steam-driven fan (obscured by the 232-Z

duct) is arranged the sameway as the electric fans. Figure 2.2 is a view of

the east stde of the suction-side plenum showing three electric fans and one

standby steam-driven fan. Both the ducts from 232-Z and 236-Z discharge

together tnto the suction-side plenum through an opening between the standby

steam-driven fan and the electric fans. All of the fans discharge downward

into two discharge ducts, one on the east side and the other on the west side

of the plenum. The discharge ducts Join together at the south end of the

plenum at the base of the stack.

The standby steam-driven fans have seen limited use, but are regularly

tested. To maintain the normal ventilation flow through the buildings, only

Four of the seven electPtc fans are used at any gtven time; however, the Fan

usage is rotated amongthe seven electrtc fans for maintenance reasons. One

key parameter posstbly affecting the locatton of deposits in the plenum is

whtch of the seven fans are tn use. Unfortunately, records of fan usage are

Petatned for only a limited time period. To determine the effect of what

could be called the "fan configuration," two different Fan configurations
were studted.

The available data indicate that commonpractice is to use three fans

. from one side and one from the opposite side of the plenum at a time, as shown

in Figure 2.3. The fan usage data was obtained for the period covertng July

, 1990 through Hay 1991. Fans EH1, EH2, EH3, and EH6 were operated together for

79% of that time. Fans EH2, either EH3 or EH4, EH5 and EH6 were operated

together for another 21¢ of that time. However, because the facility has been

operated for more than four decades and the available fan data cover only a
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small portion of that time, it was decided to model what might reasonably be

expected to be the cases that would result in the most different airflow and

C_position patterns. Therefore, the first configuration modeled, Fan

Configuration 1, includes the three electric fans on the east side (EM5, EM6,

EM7) and the northernmost fan on the west side (EM1), as shown in Figure 2.3a.

• Fan Configuration 2 includes the three northernmost fans on the west side

(EM1, EM2, EM3) and the second of the three electric fans on the east side

' (E_5), as shown in Figure 2.3b.
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3.0 PARTI_LE-SIZEDISTRIBUTION

The data most relevantfor modelingthe depositionof contaminated

particlesin the 291-Z exhaustplenum are those obtained from character-

izationsof filteredexhaustair flows. During the 1970s, seve-alstudies

• were performedto characterizethe particulatematerial in the PFP exhaust

ventilationsystem. Two importantrelevantconclusionscan be made from

, these studies.

First, most of the airborne radionuclt_es are found as contamination on I

particles of other materials. Someof these other materials were identified

by Glissmeyer (1992), who investigated the background levels of some metals

(iron, copper, zinc, tin, titanium, and manganese) in the 291-Z-1 stack to

help determine a candidate tracer. While titanium and manganesewere not

found, the highest concentrations of iron, copper, and zinc were 8.2E-3,

9.1E-6, and 1.gE-4pg/ft 3, respectively. The total for these metals was then

8.4E-3 pcj/ft ] or 2.97E-13 g/cm3. During the same study, the htghest measured

plutonium concentration was 2.5E-12 _Ci/cm3 or 4.1E-17 g/cm3. The airborne

concentration of plutonium was then about four orders of magnitude less than

these other metals. From this and other studies, we conclude that most

deposited materials will be construction- or process-derived and will bear

relatively small amounts (on a mass basis) of radtonucltdes.

Second, depositing particles will include a broad range of sizes, much

broader than might be expected in filtered air. The information supporting

these two conclusions is summarized in Subsection 3.1. Subsection 3.2

describes the particle sizes used in the modeling phase.

3.1 PARTICLE-SIZEMEASUREMENTS

In a study conducted by Mishima and Schwendiman in 1970 and 1971 (1971),

' samples were collected from the 291-Z-1 stack and the main tributaries to the

exhaust flow, the Zone 4 PFP exhaust, hydrofluoric acid (HF) system, vacuum

' line, 236-Z, and 232-Z. Observations were as follows:

• In the plenum downstream of the 309 ftlter room, the c@lculated activity
concentrations were between 4.5E-06 and 1.0E-03 dpm/ft% The filtered
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materialwas "blackwith shiny patches,"with measured aerodynamic
median activitydiameters(AMAD)of 9.5 and 20 pm.

• The HF system exhaustwas sampledin the winter (1970-1971). Samples
were taken downstreamof the final filter bank enclosure. An activity
concentrationof 0.06 dpm/ft3 was measured. The AMAD of the particles
was 7.4 #m, but the activitydistributionof the materialwas bi-modal,
indicatingmore than one mechanismof particleformation.

• The vacuum systemmaintainedat 26-in Hg was sampledbetweenOctober and
Decemberof 1970. Sampleswere taken from the line betweenthe vacuum
pump and the main exhaustplenum. All the interiorsurfacesand plates
from the sampleswere loadedwith a glassy, hard materialresembling
hard water deposits° An activityconcentrationof as high as 2.8 dpm/ft3
was measured. The AMAD was estimatedto be less than 1.6 /_mwith a log-
normal size distribution,indicatingone mechanismof particle
formation.

• The 236-Z buildingexhaustwas sampledfrom a duct just upstream of the
entry into the 291-Z exhaustplenum. "A large quantityof moist,
reddish-brown,granularmaterialwas found on the filter sample...and
the rubber cement surfaceon impactorplates and impactorwalls appeared
oxidized." (Mishimaand Schwendiman1971, p. 18). The AMAD was 3 pm.
The coarsenessof the material pointedto generationof the particles
downstreamof the filters. The materialcould have been rust from
the existingduct, which was metal and aboveground. The samplewas
describedas having a "high salt content" (Mishimaand Schwendiman1971,
p. 18). The activityconcentrationwas low (IE-4dpm/ft3). Since the
samplingdescribedhere, much of this duct has been replacedwith a
concrete,below-groundduct.

• The 232-Z duct was sampledduring incineratoroperations. The sample
showed "highlyactive,coarse,red and gray particles"(Mishimaand
Sch_endiman1971, p. II). The outlet for the samplewas on a vertical
wall of a slopedduct. The red coloringmay suggestrust, gray may
indicateash. The AMAD was 8pmwith a log-normaldistribution.

• The 291-Z-Istack was sampledat the base of the stack in the last
quarterof 1970. Considerablecondensationwas noted, and the sampled

materialwas dark gray. The activityconcentrationwas low (6.4E-p3
dpm/ft3). The plutoniumwas believed to be attached to inert partlcles.

Anothermeasurementprogramconductedfrom October, 1972 to May, 1973

sampledparticlesat the base of the 291-Z-Istack (Mishimaand Schwendiman

1973). Seven sets of sampleswere taken. The AMAD from the samplesranged

from 3.3 to g.O /Jmwith 60 to 80% of the activityassociatedwith particles

less than 10 #m. The averageactivitywas 0.034 dpm/ft3. No apparent

correlationwas seen betweenbuildingoperationsand measured activity.
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A study using tracer particles was performed in 1976-78 on the 291-Z-1

stack to determine the adequacy of the in-place sampling system (Gltssmeyer

1992). Samples were taken at the 50-ft level of the stack. All of the

samples contained particles with the appearance of rust. The AMADsof

plutonium-containing particles were between 3.5 and 8.6 /_. TtO2 and ZnS

. tracerswith aerodynamicmass mean diameters (AMMDs)of 1.3 and 8 to 9.5 #m

were releasedinto the stack to test the samplingsystem.

' Table 3.1 summarizesthe size measurementsof plutonium-bearing

particlestaken from the 2g1-z tributariesand exhauststack.

TABLE 3.1. Summaryof Particle-SizeMeasurementsin Vent Exhaust Streams

,,, , _ l ,,, , , , ,,,, ,,, i,, I

Plutonium

Conoentradlon Reported Entranoo
Location D_e 10"13IzCi/ml AMAD i, rn Loam% Observations Rofarenoe1_

,11 J!l i iiiii iiii i ! ii L

III rl MMain Staok 12/70- 1/71 1.0 3 N..C°l oondemmtion 1
,.H. .,i , ,m

256Z Exhaust 10/70- 11/70 0.018 3 N.M. reddishbrown,9ramularpaste 1
i H , .., , ii i

232Z Exhaust 12/70 -1/71 2.9 7.9 N.M. smallamountof ash 1
| , , ,H, , ,,,,,

26-in.Vaouum 10/70 - 11/70 37 1.6 N.M. loaded w/glesey hard mstarlai 1

Exhaust 12/70.1/71 17 >0.3 N.M.

_ Filter n_,.,n 9/70 - 10/70 0.16 9.5 N.M. 1
,n, ,, , ,

_,2/70 0.12 -20 N.M.
-- l l , i l,,,= ,

HF Exhaust ;2/70 1/71 9.4 7.4 N.M. 1

Main _'_aok 10- 11, '72 11 8 41.5 2
, i _ .,,,, , ,, =, ,,

11 - 12, "/2 2.1 8 - 9 41.5 2
, H , |,,11

12/72 - 1/73 3.3 3.3 41.9 2
i . , ,.,= , ,, ,,, , ,n,

1 - 3, 73 2.5 4 28.4 2
_m_, , ,,, .......,nu__ _

3 - 4, "1'3 4.8 7 53.2 2
, . ,

4 - 5, '73 6,4 7.3 52.8 2
,,, . ,, .,, ., ,,, ..

5/73 3.2 8 56.0 2
., .,, L , , n , .,,

10- 11, 77 11 6.8 46 visible rust pmlloiesin 3

11/77 2.3 8.6 59 samples 3
. ,,,,,

1 - 2, 78 9.5 3.5 23 3

Notes and Roforonoes:

(a) Numbersoorrespondwiththo following roforenoes:
1) Mishimaand Sohwondimmn1971,
2) Mishimaand Sohwondlmsn1973, _nd
3) GIi_m_er 1_2.

(b) N.M. = not meuured.
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Air samples were collected on filters concurrently with the cascade

impactor sampling at the base of the stack during the 1972 - 1973 measurements

(Mishtma and Schwendtman1973). Those results were all within a factor of two

of the impactor results, indicating good recovery in the tmpactor samples.

During this same sampling campaign, the plutonium collected in the sampling

probe and transition to the tmpactor was analyzed. These deposits were a

significant fraction of the total collection in the probe and impactor

combined. Because larger particles are more inclined to deposit than smaller

ones, it could be reasoned that the particles deposited in the inlet are all

larger than what was collected on the first stage of the impactor. Factoring

that into the analysis for the samples would have resulted in AMADsof about

two to three times greater than reported. It seemsmore reasonable to

conclude that particles of all sizes deposited, but with deposition favoring

the larger sizes. This would result in a more modest, yet indeterminant,

adjustment of the AMAD.

Keeping in mind the possibilities for errors in the reported particle-

size measurements and the broadness of the plotted-size distributions, it

seems reasonable to conclude that plutonium-bearing particles that have

deposited inside the 291-Z plenum would cover a broad range of sizes.

3.2 MODELED PARTICLESIZES

A possiblemajor type of radionuclide-bearingparticlemay be iron

oxide. A major source of airborneiron could be the rusty steel duct that

carriedexhaustair from 236-Z a short distance above ground to the 2gI-Z fan

house. This sourcewas first identifiedby Mishima and Schwendiman(1971).

The duct walls had been attackedby the co,rosive vapors coming from the

process and condensingon the exposed,cold steel surfaces. It is unknownhow

long this sectionof duct had been a serioussource of contaminatedairborne

rust particles,perhapssince shortlyafter the start of the PRF processingin

the early Ig6Os. By 1977, the duct had rusted throughand replacement

occurred soon thereafter. Extrapolatingfrom Mishimaand Schwendiman's

observationof a I/4-inthick cake of rust on a 4-in air filter throughwhich

2.65E6 ft3 had been drawn, one finds an air concentrationof 1.3E-I0g/cm3
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when a depositdiameterof 3.5-in and a bulk densityof just 0.25 g/cm3 are

assumed. Extrapolatingfurther,assumingan air flow through the duct of

46,500 cfm and a durationof just I year yields about 91 kg of potentially

contaminatedrust having passed the samplingpoint. This quantityof large

contaminatedparticlescould have an importantimpacton the deposition

. patternsof radionuclides.

Based on the studiessummarizedhere, a broad range of particlesizes

" was selectedfor the TEMPESTmodelingof depositionin the 291-Z plenum. The

selectedparticlesizes and settlingvelocitiesare shown in Table 3.2. The

smallersizes representthe typicalrange of plutonium-bearingparticles

observed in most of the studies. The larger sizes representthe rust from

236-Z or the HEPA filter fragmentsfrom filter blowoutslike the HF system

filter accidentof 1986. It is likely that on a mass basis,the 236-Z duct

rust may overwhelmthe contributionsfrom other sources. The actua_ particle

concentrationvalue input to TEMPEST is of little importancebecause

concentrationand depositionresultsfor the differentspeciesare evaluated

separately. The concentrationinputs shown in Table 3.2 for the smaller

particlescorrelateto the measured values for metals in Glissmeyer(1992).

The inputsfor the larger particlesroughlycorrespondto the airbornerust

contentextrapolatedas above from Mishima and Schwendiman(1971).

TABLE 3.2_ ParticleParametersfor Modeling

I 3.5E-03 4E-05 4E-05

3.4 3.5E-02 4E-05 4E-05
,i i

10 3.1E-01 4E-05 4E-05

34 3.5E+00 4E-05 IE-01

. 100 2.5E+01 0.1i

0.11000 3.9E+02
II
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4.0 MODELINGTECHNIOL_ES

The modeling techniques availableallow the predictionof relative

• amountsof depositionin the plenum,and so of the locationsof peak

deposition. However, the absoluteamount of total depositionto be expected

. is not predictablebecauseof gaps in informationand technique. The

informationrequiredfor predictingthe absoluteamount is the complete

. history of the fan configurationand the size and concentrationof particles

enteringthe plenum. On the techniqueside, there is no method for predicting

the fractionof particlesthat rebound from the surfaceimmediatelyon contact

or are resuspendedlater. Likewise,there is no method for assessingthe

movementof contaminantswhen there is enough condensedmoisture in the plenum

to wash depositsdown to low points of the floor.

The modeling techniquesthat were employedin this study are described

below. Section 4.1 describeshow the centralplenum'sphysical featureswere

parameterizedfor model input. Section4.2 describeshow velocity fields were

computed. The modeling of particletrajectoriesis describedin Section4.3.

Finally,Section 4.4 describesthe aerosoltransportmodeling in TEMPEST.

4.1 MODELINGDOMAIN

The first step in the modeling process was to translate the physical

description of the central plenum into model inputs. The plenum space was

subdivided into three-dimensional (3D) cells sized so that key cell boundaries

coincided with the physical locations of ducts and fans. Someregions weye

subdivided more finely than others to achieve better flow-field resolution in

those areas.

Figure 4.1 shows the overalllayout of the 3D computationalcells, but

with the west wall removedfor clarity. The cell lines shown on the wall and

" floor project throughspace to form the 3D computationalcells inside the

plenum. The inclinedplane where the duct from 234-5Z enters the plenum was

" approximatedstair-step-wise. The steam-drivenfan intakeswere not included

becausethey were not to be consideredin this effort. The velocity and

particleconcentrationare assumeduniformwithin each individualcell.
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Cell types were then defined for the cells along the wall. Type categories
included inflow, outflow, and wall.

4.2 VELOCITY FIELDS

The next step was the calculationof air-velocityfields (the 3D matrix

" of velocityvectors, one for each computationalcell) for the two different

fan configurationsshown in Figure 2.3. The TEMPESTcode was used for

" calculatingthe velocityfields.

The exhibits in AppendixA are the TEMPEST input files for the two

configurations. In order to attain steady-stateflow, the TEMPESTmodel was

run for 75 to 80 s of simulationtime. At this point, the velocity time

historiesat severallocationswere examined to confirmthat steady-stateflow

had been reached. These time historiesare shown and discussedin Appendix B.

4.3 PARTICLETRACKING

The steady-statevelocityfield producedwith TEMPEST (after80-s

elapsed simulation)for one of the fan configurationswas used with the

particletrackingmodel, PARTS, to find the locationsof maximum deposition

when no resuspensionoccurs. The PART5 model includesthe effectsof drag and

settlingbut not of diffusivedepositionor particle inertia. It also does

not includeresuspensionor particlereboundand so can be best used to

describedepositionunder conditionswhere 100% sticking is achieved.

A burst of particleswas injectedinto otherwisepure air at both the

232/236-Zand 234-5Z inflowareas. Table 4.1 shows the ranges of cells into

which particleswere placed. The coordinatesrefer to the cell numbers used

in Figure 4.1.

The injectedparticleswere randomly scatteredthroughouteach range of

injectioncells at a density of about 100 particlesper unit area so the

• particleflux would be areallyuniform. Consequently,where there was uneven

air velocity across the injectionarea, the particleconcentration(particle

- number/unitvolume of air) varied inverselywith local air velocity. This was

the case for the 234-5Z inflow. The particleconcentrationin the northern

half of the openingof that duct into the plenumwas about twice that of the

southernhalf and the 232/236-Zinflow.
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_J_XL_4__. Ranges of Cell NumbersUsed as Injection Areas

Entry location J (lenoth) K (heiaht) I (width)

232/236-Z 38-39 10-14 10
234-5Z 2-10 21 2-10

Two types of particles were considered: tracer particles (with no drag

or settling)and lOO-pm aerodynamicequivalentdiameter (AED) particles (with

drag and settling). The PARTS model provided outputof the locationsat which

particleswere depositedand of the exhaust ports throughwhich particleswere

ejected,as well as the times at which depositionor ejectionoccurred. Runs

were carriedout to a long enough time {50 to 200 s after injection)to permit

depositionor ejection of over 99% of the particles.

" 4.4 TEMPE_;TAEROSOLHODELING

The TEMPESTmodel treats aerosol concentration as a continuum property;

particle settling is controlled by specifying a vertical settling velocity.

There is no provision in the model for particledepositionand sticking,

- inertia, diffusive deposition, or vector drag. Thus, the TEMPESTmodel is

most useful as a way of estimating parttcle concentrations resulting from

assumed immediate 1007, resuspension. The settling velocities that were

specified for different particle sizes are listed in Table 4.2.

, Air-velocity fields for both fan configurations were used with the

TEMPESTmodel. The incoming airflows were given aerosol mass fractions

(relative to air) of 3.4 x 10"zz (roughly corresponding to the Table 3.2 mass

concentration of 4.0 x 10"s ng/cm3 that had been measured in 234-5Z airflows

entering the plenum). The air that was initially in the plenum was free of

aerosol. Aerosol injection was continuous, not a single burst as in the case

of the PART5model. TEMPESTruns were made for the particle sizes shown in

Table 4.1 and were typic:ally carried out for 30 or 60 s time. These run

lengths were chosen to permit settling of heavy particles and mixing of the

aerosol-laden inflow wt_,;hthe initially clean plenum air volume. Some

_ characteristic settlinc and mixing times for the plenum are given in
Table 4.2.
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TABLE4.2. Characteristic Settling and Htxing Times for the Plenum

AverAge air residence ttme tn plenum (total flow/total volume) 9 s

Average residence time for plenum south of 232/236-Z 40 s

Time for lO0-/an aerosol to settle from plenum top In stt]l atr 24 s

. Ttme for 10-/_ aerosol to settle from plenum top tn still air 1900 s

Ttme for 1-/_mAerosol to settle from plenum top tn st111 atr 10s s
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5.0 RESULTS

The discussionof the modelingresults is divided into velocityfields,

particletracking,and TEMPESTaerosolmodeling. Section 5.1 presents and

comparesthe velocityfields generatedby TEMPESTfor the two fan

configurationsstudied. The velocityfields resultingfrom the two fan

configurationswere quite similar,with only subtle differencesin the bottom

of the centralplenum. Becauseof the similaritybetweenthe velocityfields,

the particletrajectorytrackingmodel was appliedto only one fan

configuration• The particletracking resultsfor non-depositingand

depositingparticlesare discussedin Section5.2. Section5.3 presentsthe

results from using TEMPEST to model aerosolmovement in the plenum. Particle

settlingis accountedfor in this model, but actual depositionand deposit

build-upare not addressedby TEMPEST. Issuesrelatingto the validity of the

approachare discussedfirst. Then the effectsof fan configurationon where

large and small particlestend to accumulateare discussed.

5•1 VELOCITYFIELDS

Figures 5.1 through 5.10 show side-by-sideviews of the velocityfields

generatedfor the two fan configurations. Each of these shows a two-

dimensionalrepresentationof the velocityvectorsfor a differentplane in

the plenum. The scalesdiffer along the axes of the figures. The north-south

axis, (J-axisin Figure4.1) is compressedconsiderablyto fit the page, with

the consequencethat some of the vectorsdepicted seem to overlap.

There are severalsimilaritiesin the velocity fields producedby the

two fan configurations. Figure 5.1 shows the horizontalplane at the

elevationof the fan centerlines. The two fan arrangementshave distinctly

differentpatternsfor the air exhaustingthroughthe fans, but there is

little effect on the 232/236-Zplume enteringthe plenum. Figure 5.2 shows

that the velocitypatterns along the floor are quite similar;however,there

appearsto be some vorticityor an eddy in the middle of the plenum,which can
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be seen in the second velocity fteld but not the first. There is also a

region that runs diagonally from the second west fan to the third east fan

where two opposing horizontal atrstreams meet. The stagnant areas in the

southernmost fifth or so of the plenum also exist in both velocity ftelds.

Figure 5.3 shows that both veloctty fields produced very similar patterns

along the ceiltng. Figure 5.2 and 5.3 both show the slow backflow from the i

232/236-Z exhaust passing across the floor and ceiltng of the plenum back

towards the 232/236-Z entry point. Figures 5.4 through 5.6 showthat most of

the differences between the two fan configurations are in the vertical

velocity fields. However, note the nearly stagnant conditions in the southern

fifth of the plenum.

Figures 5.7 and 5.8 show the floor-level velocities in the southern

part of the plenum (south of the 232/236-Z exhaust entry point). The

horizontal velocities are plotted as vectors, and the vertical velocities are

separately plotted as a contour plot. The velocity fields in this part of the

plenum are nearly to identical for the two fan configurations.

The general similarity of the two velocity fields results from the fact

that the two fan configurations are nearly the same except for being "flipped"

to have the three fans on the other side of the plenum. The incoming

232/230-Z exhaust is the only part of the overall three-dimensional flow that

does not share in this symmetry, but the effects of this exhaust flow are so

diffuse in the north end of the plenum that little asymmetry of the flow field

is produced. Since the Z3Z/Z36-Z exhaust is the dominant influence on

velocities in the south end of the plenum, changing the sides on which the

exhaust fans operate has little effect in the south end.

5.2 PARTICLETRACKING

Becauseof the similarityin the velocityfields from both fan

configurations,the particletrackingmodel (PART5)was used for only the

first fan configuration. Both tracer and depositingparticleswere modeled.

6
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Plot at time = 1.334 minutes
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Plot at time - 1.334 minutes
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Plot at time = 1.334 minutes
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Plot at time = 1.334 minutes
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I III

5.2.1 Tracer Particles

The first PART5runs used tracer particles (non-depositing), and the

results for particles coming from 232/236-Z and 234-5Z are summarized in

Tables 5.1 and 5.2. The tables showthe number of particles exhausted through

each fan and the length of time required to exhaust 100%and 90% of the

. particles. (In these tables, information is arranged according to a plan view

of the exhaust openings, with the north at the top of the table and east at

• the right of the table. Fan designations correspond to Figure 2.3.)

TABLE 5.1. Tracer ParticleEjectionTimes and Locationsfor Fan
ConfigurationI, 232/236-ZInjectionPoint

I000 particlesinjected. 200 s later, 20 particles(2%) still in flow.
The ejectedparticleswere, by fan:

West Side East Side

EMI: 252 particlesejected EM5:187 particlesejected
at 9.8 to 164 s, at 11.5 to 21.1 s,
901; ejected by 23 s 90% ejected by 16 s

EM6:0 particles ejected

EM7:541 particles ejected
at 5.6 to 190 s,
90% ejected by 89 s

TABLE5.2. Tracer Particle Ejection Times and Locations for Fan
ConfigurationI, 234-5Z InjectionPoint

8100 particlesinjected. 50 s later, 3 particlesstill in flow. The
ejected particleswere, by fan:

West Side East Side

EMI- 1621 particlesejected EM5:1816 particlesejected
at 0.51 to 49.7 s, at 0.56 to 42.3 s,
90% ejected by 22 s 90% ejectedby 22 s

EM6:2141 particlesejected
• at 1.6 to 12.3 s,

90% ejected by 3.6 s

EM7" 2519 particles ejected
at 4.0 to 44.3 s,
90% ejected by 16 s
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More than 90% of the tracer particles have a plenum residence time of

30 s or less, and more than 70% have a residence ttme of 9 s or less. (For

comparison, the average plenum residence ttmets about 9 s.) Table 5.1 would

indtcate that, for th|s fan configuration anyway, contamination from 232/236-Z

would have a longer residence time than that from 234-5Z and be unevenly

ejected through the fans. The uneven distribution through the fans may result l

in uneven fan contamination. However, Table 5.2 Indicates that contaminants

coming from 234-5Z would be more uniformly distributed between the exhaust

points.

5.2.2 Deoositina Particles

The results from the PARTSlO0-/_n particle runs are summarized in Tables

5.3 and 5.4 whtch show the exhaust distribution of particles.

The lO0-pm particles that are exhausted typically have shorter residence

times than tracer particles. Few of the exhausted lO0-/_n particles have

residence times much longer than 24 s, the approximate time required for

I_J,E____. lO0-/_n Parttcle Ejection Times and Locations for Fan
Configuration 1, 232/236-Z Injection Point

1000 particles injected. 100 s later, 14 particles (1.4 _) still in
flow, 545 deposited. The ejected particles were, by fan:

...... West Side East Side

EMI- 60 particles ejected EM5:167 particles ejected
at 10.2 to 31.9 s, at 11.2 to 24.9 s,
90% ejected by 22 s 90% ejected by 16 s

EM6" 2 particles ejected
at 14 and 21 s

EH7:212 particles ejected
at 5.3 to 21.0 s,
90% ejected by 10.5 s
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IJ_,L_5._. lO0-pm Particle Ejection Times and Locations for Fan
Configuration 1, 234-5Z Injection Point

8100 particles injected. 50 s later, 1 particle still in flow. 3369
deposited - 1168 deposited on the slope below the 234-5Z duct entry (in
0.01 to 5.5 s) and 2201 on the plenum floor (tn Z.g to 19.2 s). The
ejected particles were, by fan:

. West Side [_ilst Side

EMI: 600 particles ejected EM5:1150 particles ejected
• at 0.51 to 41.2 s, at 0.58 to 35.3 s,

90% ejected by 13.6 s 90% ejected by 10.4 s

EH6:1129 particles ejected
at 1.5 to 32.1 s,
90% ejected by 3.1 s

EM7:1851 particles ejected
at 3.5 to 49.7 s,
90% ejected by 17.7 s

lO0-pm particles to settle from the top to the bottom of the plenum in still

air (Table 4.1). The longer residence times that are seen are presumably the

result of the updrafts through which these longer-lived particles have passed.

Another point of interest is the tendency of the lO0-/_n particles from

232/236-Z to be exhausted through fans other than EM6. Because this was also

true for the tracers, it is likely that all sizes of particlescoming from

232/236-Zwould contributeto uneven contaminationlevels in the different

fans, at least for this fan configuration.

Figures5.9 and 5.10 show the depositionpatternsfor particlescoming

from 234-5Z and 232/236-Z. In the figures,the deposition is shown as number

of particlesdepositedper floor cell, normalizedto the number of particles

injectedand scaledwith a convenientfactor. The cells shown are not to

scale, but are all equal sized. The coordinatesshown can be used with Figure

4.1 to determineactual position.

Of the 3369 100-pm particlesthat were depositedfrom those injectedat

• the 234-5Z location,1168 particles(or 35% of the deposition)were located

on the bottom of the slopingduct enteringthe plenum and are not shown in
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Ftgure 5.9. The remaining 65%of the deposition was 4n the p]enum proper and

ts shown |n Figure 5.9. Host of the rest of the deposition from 234-5Z ts

Just south of the s]ope, at the plenum entrance, but there ts also a strong

htnt of a dtagonal 11ne of deposition that coincides wtth the dtagonal line of

convergence observed in Figure 5.2.

Deposition from 232/236-Z, Figure 5.10, follows a different pattern,

wtth most of tt spread over about half of the p]enum area opposite the

Z32/236-Z plenum tnlet. The 232/236-Z deposition stops Just south of the same

dtagonal 11ne that ts the southern boundary of deposition for 234-5Z

particles, presumably as a resu]t of the floor-level convergence or stagnation

]tne there. There ts another ltne of deposition tn the southwest part of the

plenum. Thts deposition also appears to be caused by a stagnation area, one

whose effect ts increased by the low ve]octttes throughout the south end of

the plenum.

5.3 TEMPESTAEROSOLMODELING

Results from the many runs of TEMPEST(used as a continuum aerosol

model) are shown tn Figures 5.11 through 5.23. The TEMPESTruns listed in

Table 5.5 explored the effects of particle size, point of injection, fan

configuration, and longer injection time.

The contour plots tn Figures 5.11 through 5.13 show the TEMPEST

estimates of aerosol concentrations tn the bottom cells (the bottom 1 ft)

of the plenum. The figures do not show the sloped part of the plenum.

Locations of the operating fans are shownby arrows; the numbers outside the

plenum are TEMPESTcell numbers, and the numbers inside the plenum are mass

fraction of aerosol times 10zz. For comparison, the inlet concentration of

each aerosol stze is 3.4 x 10-zz mass fraction (or "3.400," in the figures'

notation). These results show bottom-cell concentrations of aerosol in air

rather than true deposition. The figures can probably be best interpreted as
where the aerosol would tend to accumulate if it did not stick to the floor

where tt first made contact but subsequently drifted along the floor before

depositing.
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Plot at time --1.767minutes
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FIGURE 5.1.].. Near-Floor l-/J Particle Concentration After 30-s Injection from Z34-5Z and Z3Z/Z36-Z
for Fan Configuration 2



Plot at time =1.767 minutes

Title: PFP Plenum Config. 2, both sources, 3.4 um
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FIGURE5.12. Near-Floor 3.4-/_m Particle Concentration After 30-s Injection from Z34-SZ

and 232/236-Z for FanConfiguration 2
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Plot at time =l.767minutes

Title: PFP Plenum Config. 2, both sources, 34 um r-x plane at K = 2
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FIGURE5.14.. Near-Floor 34-pm Partic]e Concentration After 30-s Injection from 234-5Z and 232/236-Z

for Fan Configuration 2
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Plot at time =1.767 minutes

Title: PFP Plenum Config. 2, both sources, 100 um r-x plane at K = 24.572_.ti .33.1 J = 12 to 54

, j i, , .ooo,oo
I plane max = 6.665E-I0
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FIGURE5.15. Near-Floor 100-/_ Particle Concentration After 60-s Injection froa 234-5Z
and 232/236-Z for Fan Configuration 2
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Plot at time --2.267m/nutes r-x plane at K - 2
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FIGURE 5.!6. Near-FloorlO0-_m Partic]eConcentrationAfter 30-s Injectionfrom 234-5Z
and 232/236-Z for Fan Configuration 2



Plot at time =1.767 minutes
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F|GURE5.17. Near-Floor 100-/_ Particle Concentration After 30-s Injection from 234-5Z
and 232/236-Z for Fan Configuration 1



Plot at time =2.267 minutes

Title: PFP Plenum Config. 1, both sources, 100 um
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FIGURE5.I8. Near-Floor lO0-/_ Particle Concentration After 60-s Injection from 234-5Z
and 232/236-Z for Fan Configuration 1
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Plot at ti_ 4.517 minutes
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FIGURE5.19. Near-Floor 100-_ Particle Concentration After _-s Injection f_ Z34-SZ
and 232/236-Z for Fan Configuration ! (extend_ to 215 s lo_er ti_)
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Plot at time _.767 minutes
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FIGURE5.20. Near-Floor 3.4-_ Particle Concentration After 30-s Injection f_ 234-5Z Alone

for Fan Configuration2
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Plot at time _.767 minutes
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FAGURE5.2!. Near-Floor lO0-pm Particle Concentration After 30-s Injection from 234-5Z Alone
for Fan Configuration 2
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Plot at time --2.267minutes
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FIGURE5.22. Near-Floor lO0-pm Particle Concentration After 60-s Injection from 234-5Z Alone
for Fan Configuration 1
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Plot at time --2.267 minutes
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FIGURE5.23. Near-Floor lO00-_m Particle Concentration After 60-s Injection from 232/236-Z Alone
for Fan Configuration 1



TABLE5.5. List of Figures Derived from TEMPESTRuns

Fiqure . Description

5.11 1-/an aerosol, 30 s time, both 234-5Z and 232/236Z, fan
configuration 2

5.12 3.4-/an aerosol, 30 s time, both sources, fan configuration 2
5.13 IO-/an aerosol, 30 s time, both sources, fan configuration 2
5.14 34-/_n aerosol, 30 s time, both sources, fan configuration 2
5.15 lO0-/an aerosol, 30 s time, both sources, fan configuration 2
5.16 IO0-/an aerosol, 60 s time, both sources, fan configuration 2
5.17 lO0-/_maerosol, 30 s time, both sources, fan configuration 1
5.18 lO0-/_n aerosol, 60 s time, both sources, fan configuration 1
5.19 lO0-/_maerosol, 60 s time, both sources, fan configuration 1

extended to 215 s
5.20 3.4-/_ aerosol, 30 s time, only 234-5Z source, fan configuration 2
5.21 lO0-/_n aerosol, 30 s time, only 234-5Z, fan configuration 2
5.22 100-/_, aerosol, 60 s time, only 234-5Z, fan configuration 1
5.23 1000-/_, aerosol, 60 s time, only 232/236-Z source, fan

configurationI

5.3.1 Methodoloqv Validation

Almost all of the TEMPESTruns are based on velocity fields that were

run for 76 or 80 s of flow time. Figures 5.18 and 5.19 show the effect on

near-floor concentrations of using a wlocity field generated from 215 s of

simulated time rather than 30 s. The runs represented in these figures have

identicalinputs (particlesize, injectiontime, and fan configuration);only

the age of the flow field is different. A comparisonof the two figures shows

littledifferencein the concentrationpatternsfrom the two simulationtimes,

thus validatingthe furtheruse of the 76- and 80-s velocityfields.

Another methodologyquestionthat was consideredwas whether the

predictedlocationswould change if injectionwas prolongedbeyond the short

times used in these runs. BecauseTEMPESTdoes not includea model for true

deposition,i.e. particle sticking,there is a possibilitythat near-floor

peak concentrationsmight move over time. The run that producedFigure 5.16

is an extension of the run in Figure 5.15. The lO0-/_n particle injection is

carried a little further along in time, to 60 s duration of injection. The

concentration maxima shown in Figure 5.15 (at 30 s) remain in the same

locations in Figure 5.16 (at 60 s), and the southeast corner becomesthe

dominant location for near-floor particles. A comparison of Figures 5.15 and
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5.16 provides someevidence that the locations of the concentration maximado

not vary with the duration of particle injection, validating the use of short
injectionintervals.

5.3.2 Effectof Fan ConfiQuratlon

The effectof fanconfigurationwas testedby comparingFigures5.17and

" 5.18, based on the first fan configuration, to Figures 5.15 and 5.16, which

use the secondfan configuration but are otherwise equivalent. All four

• figures showa near-floor maximumconcentration in the southeast corner. For

both fan configurations, the near-floor concentration maximumin the southeast

corner of the plenumis in the samelocation at 60 s as it was at 30 s,

suggestingthatthismaximumis a stationaryaccumulationfor bothfan

configurations.In additionto thissimilarity,bothconfigurationsproducea

diagonalbandof highnear-floorconcentrationsacrossthe northpartof the

plenum• It appearsthatfor depositionpredictionpurposesthe two fan

configurationsare aboutequivalent•

5.3.3 Fan Confiquration2 ParticleAccumulation

A comparisonof Figures5.11 through5.16 (whichare basedon the second

fan configuration)showshow the patternof floor-levelconcentrationchanges

as the particlesettlingvelocityincreases.Forthe largestparticlesize,

I00/_n(Figure5.16),thereareconcentrationpeaksin thenorthcenter,in

the southeastcorner,andjust underthe EM7on the eastwall. The peak in

the southeastcorneris the largest. Basedon Figures5.15and 5.16,it is

alsothe onlypeakthat increasessignificantlyover time. The secondand

thirdlargestpeaksare imbeddedin a diagonalbandof moderatelyhigh

concentration,whichjoinswith anothermoderate-concentrationbandalongthe

southhalfof the eastwall. The diagonalbandis similarto thatshownin

the particletrackinganalyses,and probablycomesfromthe diagonal

convergencezone (Figure5.2). However,otherareasthatshowedhigh

. depositionin the particletrackingruns (Figures5.g and 5.10),the northend

of the plenumand the westhalfof the southend,do not showmaximain

• TEMPESTruns.
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There are hints of simtlar spattal distributions for the smaller

particles (Figures 5.11 through 5.14), but the trends are less clear. At 30 s

injection time, the 34-/_mparticles are the smallest for which a southeast

corner accumulation has begun to appear. The same is true for the maxima at

the north central locatton and just under EM7. However, some form of the

diagonal band of higher concentration is discernible for all particle sizes,

even the 1-/_. particles.

5.3.4 Fan Conftauratton 1 Particle Accumulation

Figures 5.17 through 5.19 show the near-floor concentrations for lO0-/_m

particles, using the first fan configuration. Here the north-central

concentration peak is absent, but the other peaks found for the second fan

configuration are present. Figure 5.23 shows the near-floor concentration of

lO00-Au, particles (injected only from 232/236-Z) for the first fan

configuration. The major peak for this particle size is near the EM7on the

east wall, and the other peaks, though suggested, are not well developed.

5.3.5 Larqe Particle Accumulation

Comparing Figure 5.1g to either Figure 5.21 or 5.22 indicates that the

232/236Z aerosol contributes a large amount of the near-floor aerosol

concentration, in spite of the larger absolute amountof aerosol coming from

234-5Z. This comesabout, as seen from the particle trajectory analyses,

because of the lower velocity and more indirect exhaust path followed by the

232/236-Z flow. The 232/236Z aerosol produces a mope rapid accumulation in

the south plenum, as might be expected. However, there is a hint in Fig-

ure 5.22 that even aerosol from 234-5Z alone may in time accumulate in the

southeast corner. In fact, over a longer time period the 234-5Z aerosol could

be expected to produce accumulation in the south plenum. This was not

indicated by the particle tracker analysis (using the PART5model), in which

the 234-5Z deposition location was solely at the north end of the plenum

(Figure 5.9). With that model, deposition location was dependent on where

particles first made contact, not on where they might have come to rest had

there been somedrift, bounce, or resuspension.
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The high near-floor concentration in the southeast corner of the plenum

is not a numerical artifact and should occur whether or not any aerosol comes

from the 232/236-Z exhaust. The airflow into that corner comesmostly from

the floor-level backwash from the 232/236-Z exhaust flow. The accumulation of

near-floor aerosol results from near-stagnant horizontal flow carrying

particles into the corner from all directions. The only flow leaving the cell
q

goes upwards, but the upward ve]octty out of the corner is not fast enough to

prevent particles from settling, unless the particles are less than about 7-/_n
w

AED in size. (Therefore fine particles may not be able to accumulate here,

though larger ones can.) There appears to be no horizontal outflow from the

corner, so the coarse particles cannot leave the corner; as a result the

accumulation is continual and no upper limit equilibrium near-floor

concentration is Peached.

The smaller accumulations of 100-/_, particles in the north center of the

plenum and Just under EM7 (see Figures 5.15 through 5.18) ape also not

numerical artifacts, but represent a different kind of situation where an

equilibrium concentration has apparently been Peached. The flow field fop Fan

Configuration 2 (Figure 5.3) contains a near-floor vortex (like a dust devil)

centered on about the location of the concentration peaks in question.

Because some flow does leave the vortex center horizontally, the particles in

the flow are not trapped by their own settling velocity. Eventually the

output Flux (dependent on the concentration in the vortex) and the input flux

becomeequal, so a maximumlimiting concentration is attained.

5.3.6 Small Particle Accumulation

The lO0-/_n TEMPESTPuns probably do not reliably indicate the locations

where much finer particles (less than 5 /_n) might tend to settle given a long

enough time. As was just illustrated, what these Puns do indicate is the

location(s) where flows tend to converge horizontally at floor level and

create an upward flow, which if slow enough, permits settling of fairly coarse

particles at the convergence point. However, this same upward flow may tend

to prevent deposition of the fine particles with their near-zero settling
velocities.
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The mor_ ltkely locations for deposition of ftnes are the regtons where

there are near-stagnant sltghtly downwardflows. Such flows are common

throughout most of the south end of the plenum (south of the 232/236-Z entry

potnt). Furthermore, tn the southernmost 20 ft or so of the plenum, the near-

floor horizontal airflows are slower than those required to cause saltatton of

large particles. (Saltation occurs when particles with AEDsof 100 Aunor

greater are incompletelyresuspended,remainingwithin a few centimetersof

the ground and repeatedlybouncingfrom it.) Since the typical resuspension

mechanismfor fine particlesis momentumtransferredfrom saltatinglarger

particles,the rate of fines resuspensionin the far south end of the plenum

is likely to be considerablylower than elsewhere,allowingnet depositionto

occur.
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6.0 COHCLUSIONS

Lacktng information on particle resuspenston and sticking tn the PFP

plenum, we must consider both the no-.resuspenston and the complete

resuspenston models as posstble descriptions of the deposition patterns tn the

plenum. The two models have one element in common: the dtagonal band ofI

deposition across the north part of the plenum. However, the other

predictions of peak deposition are different. If resuspenston ts complete,

then the largest amount of deposition |s predicted to occur tn the southeast

corner of the plenum as was shown tn Figure 5.19. If there ts no

resuspenston, then the southeast corner would be expected to be fairly clean,

but the central and northern areas, and the sloped bottom of the tncomtng

duct, would be areas of htgh deposit|on as shown in Ftgure 6.1 (an arithmetic

sum of F|gures 5.9 and 5.10).

Based on both models, almost all of the deposit|on would have come from

large particles, over 10-/_ AED. Particles fine enough to deposit by

diffusion would have been likely to leave the plenum before muchdeposition

could occur, according to the tracer particle tracker results. Historically,

the most s|gnfftcant source of particles with greater than lO-#m diameter was

probably contaminated rust from the old 236-Z duct. Because the 232/236-Z

effluent is a more ltkely source of large particles, and because of the low

veloctty and tndtrect path to the fan tnlets in that regton, the deposition

areas that tt has produced tn the southern part of the plenum are probably

more significant than those produced tn the north by the 234-5Z butldtng
effluent.

Another consideration in predicting deposition locations is one not

susceptible to modeling. Operating personnel have observed evidence that

during cold weather, water condenses from the (relatively) humid exhaust air

on the inside of the untnsulated duct from the 234-5Z building. This being

the case, particles that settled up-slope (in the duct or in the north part of

the plenum) mtght very well be gradually carrted downby the water. Thts

" wetted particulate matertal would be located more tn the low spots tn the

floor than in areas indicated by deposition modeling. The plenum floor is

believed to have a slight slope downward from north to south. The two most

6.1



I .........

predictable places for deposited mater|al to end up would be the north end of

the plenum, under the runoff from the duct, and the south end of the plenum,

the overall low spot. Other local low spots, presently unidentified, could

also contatn runoff materiel.

It seems 11kely that for most particles, the depos|tton sttes tdenttf|ed

wtth the no-resuspensJon assumption ,lay predominate. For particles that are

large flakes or are "fluffy," as might be generated by ftlter breakthrough,

the deposition sttes Identified assuming resuspenston may be more realistic.

Washdo_nby water to more southerly locat|ons tn the plenum may occur when

sufficient moisture ts present.
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FIGUREI_.1. Predicted Locations of Htgh Deposition
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APPEND!XA

S_pLE TEHPESTINPUT F[LES



1 7185 78.5435

1

* * * INPUT RECORD IMAGE * * *

RECORD COLUMN 1 5 1 1 2 2 3 3 .4 4 5 5 6 6 7 7 8
no. 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0

1 Title: PFP Plenum Airflow Distribution - Model I
2 input file: pfp.3c.inp
3 size, 55 22 11
4 note: initially, run one step to check setup
5 time, 1. 1
6 prnt,
7 note: after modeling debugged, run more time steps, or restart and continue
8 time, 1. 100 100
9 prnt, 2 I0 2 I0

10 pres, 100 1-9
11 rest, I 1
12 post,
13 misc, 0
14
15 note: GROUP 2 INPUT - CONTROL .
16 note:

_> 17 cont,sisy.besq, turb,mont,dtim.pace,
• 18 cont,save,psav,msav,

19 cont,read,
20 aout,velr,velz,velx,
21 plot,velr,velz,velx,
22 dbug,data,qaed, size,ttbl,
23
24 note: GROUP 3 INPUT - INTEGER DATA
25 note:
26 note: PFP inflow
27 40 i I 2 I0 22 22 2 10 I inflow
28 note: plenum volume
29 0 1 2 54 2 8 2 10 1 plenum
30 0 1 2 50 9 21 2 10 1 plenum
31 note: fan areas
32 30 1 14 15 10 14 1 1 1 fan Wl
33 30 1 14 15 10 14 11 11 1 fan E1
34 30 1 22 23 10 14 1 1 1 fan W2
35 30 1 22 23 10 14 11 11 1 fan E2
36 30 1 30 31 10 ld 1 1 1 fan W3
37 30 1 30 31 10 14 11 II I fan E3
38 30 1 38 39 10 14 1 1 1 fan W4
39 note: 232Z/236
40 0 1 4 2 38 39 10 14 10 10 1 232/236Z
41 note: block out sloped wall
42 50 2 11 2 2 2 10 1 45 wall
43 50 2 10 3 4 2 10 1 45 wa|l



44 50 2 9 5 6 2 10 1 45 wall
45 50 2 8 7 8 2 10 1 45 wall
46 50 2 7 9 10 2 10 1 45 wall
47 50 2 6 11 12 2 10 1 45 wall
48 50 2 5 13 14 2 10 1 45 wall
49 50 2 4 15 16 2 10 1 45 wall
50 50 2 3 17 18 2 10 1 45 wall
51 50 2 2 19 20 2 10 1 45 wall
52 note: block out corners of prow
53 50 54 54 2 8 2 4 1 prowblck
54 50 54 54 2 8 8 10 1 prowblck
55 note: set up monitor cells
56 9 12 6 15 12 6 28 12 6 41 12 6 1 5 mon. 1
57 15 3 3 15 20 3 15 3 9 15 20 9 2 5 mon. 2
58 28 3 3 28 20 3 28 3 9 28 20 9 3 5 mon. 3
59 41 3 3 41 20 3 41 3 9 41 20 9 4- 5 mon. 4
60
61 note: GROUP 4 1NPUT - FLOATING POINT DATA
62 note:
63 note: gravitational orientation
64 1. 90 180 90 les orient
65 note: option 2 input - R-coordinate, in feet
66 i ii 2. I 3es R-coord
67 12 13 3.25 I 3es R-coord

68 14 15 2.50 1 3es fan 1
" 69 16 213.167 I 3es R-coord
ha 70 22 23 2.50 1 3es fan 2

71 24 293.167 I 3es R-coord
72 30 31 2.50 1 3es fan 3
73 32 373. 167 1 3es R-coord
74 38 39 2.50 I 3es fan 4
75 40 503. 045 1 3es R-coord
76 51 52 3.75 1 3es R-coord
77 53 54 4.33 1 3es R prow
78 note: option 1 input - X-coordinate, in feet
79 1.0 1.0 1.5 2.0 2.0 2.0 2.0 2.0 1.5 1.0 1 10 5es X-coord
80 1.0 11 11 5es X-coord
81 note: properties - base air at 25C
82 25. 20. 30. 2 1 11 lcg 6 air 25C
83 note: initialize Temperature array
84 25. 1 55 1 22 1 11 9 Temper
85 note: initialize Fans - velocity in ft/sec
86 -43.7 14 15 I0 14 I I 7es fan Wl
87 43.7 14 15 10 14 10 11 7es fan E1
88 0. 22 23 10 14 1 1 7es fan W2
89 43.7 22 23 I0 14 I0 II 7es fan E2
90 0. 30 31 10 14 1 1 7es fan W3
91 43.7 30 31 10 14 10 11 7es fan E3
92 0. 38 39 10 14 1 1 7es "fan W4
93 -31.3 38 39 10 14 10 11 7es 232/23
94 note: inflow PFP table
g5 0. I. 1 16 PFPi.flo



i i
I

96 1+9 1. 1 16 PFPin_lo
97 note: 232/236Z inflow table
98 0. -31.3 2 16 236inflo
99 1.9 -31.3 2 16 236inftOenddata

IO0
1

Title: PFP Plenum Airflow Distribution - Model 2

P A R A M E T E R L I S T F O R C A S E 08/26/91 17:24:08

number of time steps , nsteps 6110
total number of fluid cells , nfluid 8130

total number of solid cells . nsolid 0
total number of compt cells . ntotal 8130

total number radiation cells , nrad- 0

total number constituents , nsp 0

number of cells in r-direction, nr 55
number of cells in z-direction, nz 22
number of cells in x-direction, nx 11

width of cells in r-direction, dr 0.00000 metres (variable)
width of cells in z-direction, dz 0.30480 metres

width of cells in x-direction, dx 0.00000 metres (variable)
start of r-direction noding , rstart 0.00000 metres

start of x-direction noding , xstart 0.00000 metres
simulation time limit(opt'l) , tstop 1.000E+14 seconds

gravitational comp r-direction, grt 0.00000 m/sec2
gravitational comp z-direction, gzt -9.80000 m/sec2

gravitational comp x-direction, gxt 0.00000 m/sec2
direction angle, r-axis , thetar 90.00000 degrees

• direction angle, z-axis , thetaz 180.00000 degrees
direction angle, x-axis , thetax 90.00000 degrees

slip condition , sfact -I.0000

pressure acceleration factor , pac 1.500
continuity error criterion , smax 1.000E-09
maximum number pressure iters , itmax 100

crank-nichlsn implicit factor , frnk 0.60
time adder , tadd 0.0000E.00 seconds

thermal time step limiter , timp 5.000

implicit time step limitation , dtimax 1.0000E.15 seconds

automatic time step selection is used
initial time step, dt = 1.1884E-02 seconds
fract of max time step, cmax = 0.99

I
Title: PFP Plenum Airflow Distribution - Model 2

summary of problem dependent array size requirements



1 3110 39.0790

I

* * * INPUT RECORD IMAGE * * *

RECORD COLUMN 1 5 I 1 2 2 3 3 4 4 5 5 6 6 7 7 8
no. 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0

I Title: PFP Plenum Airflow Distribution - Model 2
2 input file: pfp.4d.inp
3 size, 55 22 II
4 note: initially, run one step to check setup
5 time, I. I

6 prnt,
7 note: after modeling debugged, run more time steps, or restart and continue
8 time, I. 3000
9 prnt, 2 I0 2 10

I0 pres, i00 I-9
11 rest, I I
12 post,
13 misc, 0
14
15 note: GROUP 2 INPUT - CONTROL
16 note:

3m 17 cont,sisy,besq, turb, mont,dtim, pace,

4_ 18 cont,save,psav,msav,
19 cont,read,
20 aout,velr,velz,velx,

21 plot,velr,velz,velx,
22 dbug,data,qaed,size, ttbl,
23
24 note: GROUP 3 INPUT - INTEGER DATA
25 note:
26 note: PFP inflow
27 40 1 1 2 10 22 22 2 10 1 inflow

28 note: plenum volume
29 0 I 2 54 2 8 2 I0 I plenum
30 0 1 2 50 9 21 2 I0 I plenum
31 note: fan areas
32 30 1 14 15 I0 14 I I I fan WI
33 30 1 14 15 I0 14 II 11 I fan El
34 30 I 22 23 I0 14 1 1 I fan W2
35 30 1 22 23 I0 14 II II 1 fan E2
36 30 1 30 31 i0 14 I 1 1 fan W3
37 30 I 30 31 I0 14 II Ii 1 fat, E3
38 30 l 38 39 I0 14 I i 1 fan W4
39 note: 232Z/236
40 0 1 4 2 38 39 10 14 10 10 I 232/236Z
41 note: block out sloped wall
42 50 2 11 2 2 2 I0 1 45 wall
43 50 2 I0 3 4 2 10 I 45 wall



44 50 2 9 5 6 2 10 1 45 wall
45 50 2 8 7 8 2 10 1 45 wall
46 50 2 7 9 10 2 10 1 45 wall
47 50 2 6 11 12 2 10 1 45 wall
48 50 2 5 13 14 2 10 1 45 wall
49 50 2 4 15 16 2 10 1 45 wall
50 50 2 3 17 18 2 10 1 45 wall
51 50 2 2 19 20 2 10 1 45 wall
52 note: block out corners of prow
53 50 54 54 2 8 2 4 1 prowblck
54 50 54 54 2 8 8 10 1 prowblck
55 note: set up monitor cells
56 9 12 6 15 12 6 28 12 6 41 12 6 1 5 mon. 1
57 15 3 3 15 20 3 15 3 9 15 20 9 2 5 mon. 2
58 28 3 3 28 20 3 28 3 9 28 20 9 3 5 mon. 3
59 41 3 3 41 20 3 41 3 9 41 20 9 4 5 mon. 4
60
61 note: GROUP 4 INPUT - FLOATING POINT DATA
62 note:
63 note: gravitational orientation
64 I. 90 180 90 les orient
65 note: option 2 input - R-coordinate, in feet 1 3es R-coord
66 1 11 2. 1 3es R-coord
67 12 13 3.25 • 1 3es fan 1
68 14 15 2.50 • 1 3es R-coord

• 69 16 213.167 - 1 3es tan 2
_n 70 22 23 2.50 - 1 3es R-coord

71 24 293.167 1 3es fan 3
72 30 31 2.50
73 32 373.167 • 1 3es R-coord
74 38 39 2.50 • 1 3es [!an 4
75 40 503.045 1 3es R-coord
76 51 52 3.75 " 1 3es R-coord
77 53 54 4.33 1 3es R prow
78 note: option 1 input - X-coordinate, in feet
79 1.0 1.0 1.5 2.0 2.0 2.0 2.0 2.0 1.5 1.0 1 I0 5es X-c:oord
80 1.0 II II 5es X-c:oord
81 note: properties - base air at 25C
82 25. 20. 30. 2 I II Icg 6 air 25C
83 note: initialize Temperature array
84 25. 1 55 I 22 1 II 9 Tem¢mr
85 note: initialize Fans - velocity in ft/sec
86 -43.7 14 15 I0 14 1 1 7es fan W1
87 O. 14 15 I0 14 10 11 7es fan E1
88 -43.7 22 23 I0 14 I 1 7es fan W2
89 43.7 22 23 10 14 10 11 7es fan E2
90 -43.7 30 31 I0 14 1 1 7es fan W3
91 0. 30 31 I0 14 I0 II 7es fan E3
92 0. 38 39 I0 14 1 1 7es fan W4
93 -31.3 38 39 10 14 10 11 7es 232/23
94 note: inflow PFP table
95 0. I. 1 16 PFPinflo



96 1+9 1. 1 16 PFPin[lo
97 note: 232/236Z inflow table
98 0. -31.3 2 16 PFPinflo
99 1+9 -31.3 2 16 PFPinfloenddata

100
1

Title: PFP Plenum Airflow Distribution - Model i

P A R A M E T E R L I S T F O R C A S E 05/22/91 12:39:29

number of time steps , nsteps (variable}
total number of fluid cells , nfluid 8130
total number of solid cells , nsolid 0
total number of compt ceils , ntotal 8130
total number radiation cells , nrad- 0
total number constituents , nsp 0
number of cells in r-direction, nr 55
number of cells in z-direction, nz 22
number of cells in x-direction, nx II
width of cells in r-direction, dr 0.00000 metres (variable}
width of cells in z-direction, dz 0.30480 metres
width of cells in x-direction, dx 0.00000 metres (variable}
start of r-direction noding , rstart 0.00000 metres
start of x-direction noding , xstart 0.00000 metres
simulation time limit(opt'l} , tstop 1.000E+02 seconds

gravitational comp r-direction, grt 0.00000 m/sec2
gravitational comp z-direction, gzt -9.80000 m/sec2
gravitational comp x-direction, gxt 0.00000 m/sec2
direction angle, r-axis , thetar 90.00000 degrees
direction angle, z-axis , thetaz 180.00000 degrees
direction angle, x-axis , thetax 90.00000 degrees

slip condition , sfact -i.0000
pressure acceleration factor , pac 1.500
continuity error criterion , smax 1.000E-09
maximum number pressure iters , itmax i00
crank-nichlsn implicit factor , frnk 0.60
time adder , tadd 0.0000E+00 seconds
thermal time step limiter , timp 5.000

implicit time step limitation , dtimax 1.0000E+15 seconds

automatic time step selection is used
initial time step, dt = 1.0734E-02 seconds
fract of max time step, cmax = 0.99

1
Title: PFP Plenum Airflow Distribution - Model 1

summary of problem dependent array size requirements
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APPENDIXB

VELOCITYTIME HISTORIES

- To assess whethersufficientsimulationtime was allowedfor TEMPESTto

generatesteady-statevelocityfields,the velocityas a functionof time at

• severalfixed computationalcells was monitored. These monitor cells were

locatedas shown in Figure B.I. The remainingFiguresB.2 throughB.7 show

the velocitiesas a functionof time. Velocitiesare shown for each component

direction,with the U componentcorrespondingto J in Figure 5.1, W to I, and

V to K, respectively.

Most of the calculationswere carriedout to 75 - 80 s. At this point,

steady-stateconditionsappearedto have been achievedas can be observed in

the followingfigures. However,becausewe felt some concern that an adequate

steadystate had not been reached in the south end of the plenum,presumedto

be one of the major potentialdepositionlocations,a longer velocity-field

run was made for the first fan configuration,carryingthe calculationsout to

215 s of simulationtime. The near-floorconcentrationsfor this better-

convergedvelocity field were comparedto those for the 80-s velocityfield

(FiguresB.I and B.2, respectively). The similaritybetween the two sets of

resultsconfirmedthe adequacyof the 80-s field for use in the rest of the

study. The velocityfield used for the second fan configurationwas 76s

- "old," and was consideredto be adequateby analogyto the first.

B.I
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FIGUREB.Se. Development Over Time of the Lengthwise Velocity Componentat
Monitor Cells 3, 14, 15, and 16 for Fan Configuration 2
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FIGUREB.6b. Development Over Time of the Vertical Velocity Componentat
Monitor Cells 1 and 2 for Fan Configuration 2
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