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•• What is ARAMSWhat is ARAMSTMTM?? 

–– An adaptive risk assessment modelingAn adaptive risk assessment modeling 
sysystem developed bystem developed by the Arthe Armmyy that prthat providesovides 
computercomputer--based data delivery, dynamicbased data delivery, dynamic 
modeling, and analysis formodeling, and analysis for mumullttii--mediamedia,, multimulti--
pathwaypathway, multi, multi--route exposure and effects ofroute exposure and effects of 
militarmilitaryy rerelevant compounds and otherlevant compounds and other 
constituents of concern to assessconstituents of concern to assess humanhuman andand 
ecologicalecological health impacts/risks.health impacts/risks. 

ARAMS is a 
collection of tools, 
models, and data for 
use in health risk 
assessment 
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Multimedia, Multi-pathway Exposure 

Media: air, soil, vadose zone, groundwater, surface 
water, food 

Pathways: inhalation, ingestion, and dermal contact of 
contaminated media 

Runoff 

Percolation 

Aquifer 

Human Exposure and Risk 

Eco Exposure 
and Risk 

Vadose Zone 

Stream 

Contaminated 
Soil 
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What is Overall Purpose?
 

••	 Assessment ofAssessment of chronicchronic human andhuman and 
ecological health risks associated withecological health risks associated with 
longlong--termterm exposure to constituent ofexposure to constituent of 
potential concern (including hazardouspotential concern (including hazardous 
and toxicand toxic chchemicalsemicals andand radionuclidesradionuclides)) 

••	 OriginallOriginallyy developed to support cleanup,developed to support cleanup, 
but has broader application, e.g.,but has broader application, e.g., aidingaiding inin 
managing future risksmanaging future risks 

4 

4 



 
 

5 

ARAMS is based on Risk Assessment 
Paradigm of NSF, NAS, USEPA 

HazardHazard 
DefinitionDefinition 

EXPOSUREEXPOSURE 
ASSESSMENTASSESSMENT 

EFFECTSEFFECTS 
ASSESSMENTASSESSMENT 

RISKRISK 
CHARACTERIZATIONCHARACTERIZATION 

Integrates exposure and effects to assessIntegrates exposure and effects to assess 
human and ecological healthhuman and ecological health 

impacts/risksimpacts/risks 
For ARAMS 
this includes 
fate/transport 
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Uses
 

••	 To assess present risks of emissions,To assess present risks of emissions, 
loadings, or inloadings, or in--plplace contaminationace contamination 

••	 To determine appropriate contaminationTo determine appropriate contamination 
cleanclean--upup levels flevels foor accepr accepttable riskable risk 

••	 To provide risk information to aid inTo provide risk information to aid in 
evaluating remediation alternativesevaluating remediation alternatives 

••	 To aid in managing sites for futureTo aid in managing sites for future 
potential riskspotential risks 
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Unique Features 

••	 Linkages to multimedia fLinkages to multimedia faattee/t/transportransport 
models, thus providing timemodels, thus providing time--varying,varying, 
future concentrations, exposures,future concentrations, exposures, 
and risksand risks 

••	 Adaptive, objectAdaptive, object--like framework flike framework foorr 
assessing a wide array of exposureassessing a wide array of exposure--
risk scenariosrisk scenarios 
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Links to fate/transport models help in 
Evaluating alternatives and future risks 
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Adaptive, Object-Like Framework 


Contaminated landfill with direct on-
site exposure and off-site exposure 
via transport in air and groundwater 

Conceptual Site ModelConceptual Site Model 
LookLook 
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Object-Like Framework 
(FRAMES) 

••	 VisuallyVisually and seamlesslyand seamlessly 
links disparatlinks disparate oe obbjectjects,s, 
providing flexibilitproviding flexibilityy forfor 
describing risk scenariosdescribing risk scenarios 

••	 Can add objects andCan add objects and 
modules (e.g., models,modules (e.g., models, 
databdatabases)ases) 

FRAFRAMMEESS devdeveelolopmpmenent sut supppporortteedd 
byby USACE/ERDC, DUSACE/ERDC, DOOE, EE, EPPA, NRCA, NRC 
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Major Components 

VisualizationVisualization 
andand 

ReportingReporting 

Common VisualCommon Visual 
FrameworkFramework -- FRAMESFRAMES 

Human ExposureHuman Exposure 

Eco ExposureEco Exposure 
& Risk& Risk 

Monte CarloMonte Carlo 
UncertaintyUncertainty 

GIS andGIS and 
MappingMapping 

DatabasesDatabases Fate/TransportFate/Transport 

UnderUnder 

DevelopmentDevelopment 

Human HealthHuman Health 
ImpactsImpacts 
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Can Assess Uncertainty of Risks 

Peak Cancer Risk 
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Uncertainty Analysis
 

••	 Can assess uncertaintCan assess uncertaintyy of inputs to developof inputs to develop 
probabilistic outprobabilistic outputs, e.g., cumulativeputs, e.g., cumulative 
probabilitprobabilityy of exceeding various levels ofof exceeding various levels of 
cancer incidence; can also producecancer incidence; can also produce 
confidence (e.g., 95confidence (e.g., 95%%)) bands along timebands along time--
varvaryying resultsing results 

••	 Uses Monte Carlo method with LatinUses Monte Carlo method with Latin--
HHyypercube sampling for efficiencypercube sampling for efficiency 

••	 Can treat multiplCan treat multiplee parameters (inputs) fromparameters (inputs) from 
multiple modules as uncertainmultiple modules as uncertain 

••	 Provides options for parameter distributionsProvides options for parameter distributions 
13 
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Key Inputs
 

••	 SiteSite--specific conditions for soil, weather,specific conditions for soil, weather, 
hhyydrogeologydrogeology,, site chsite characterization, etc.aracterization, etc. 

••	 ChemicalChemical--specific properties, e.g.,specific properties, e.g., KK ,,owow
HenrHenryy’’s constant, Ms constant, M , de, degradation rate,gradation rate,ww
BAF, toxicitBAF, toxicityy values (values (RfRfDD, SF, etc), SF, etc) forfor 
human RA, toxicithuman RA, toxicityy refrefeerence valuesrence values 
((TRVsTRVs) f) foor eco Rr eco RAA, etc., etc. 

••	 Media concentrations (can be modeled orMedia concentrations (can be modeled or 
entered manually, via spentered manually, via spreadshreadsheeteet 
templattemplatee (for soil), or with a generic dat(for soil), or with a generic dataa 
import toolimport tool –– currentlcurrentlyy in developin developmment)ent) 
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Key ARAMS Outputs 

••	 Risk tables in RAGS Part D formatRisk tables in RAGS Part D format 

••	 A Conceptual Site Model (CSM) thatA Conceptual Site Model (CSM) that 
serves as the starserves as the starting pointting point inin 
FRAMESFRAMES 
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ARAMS Interrelations
 

ARAMSARAMS
 

RAGS partRAGS part 
D reportD report 

CSMCSM formatformat 

tooltool 

FRAMESFRAMES 

Data ImportData Import 
UtilityUtility 

EDMSEDMS 

ProUCLProUCL 
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New slide added per request 
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A Basic ARAMS Example 
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Basic ARAMS Example 

••	 A fictitious site called “XYZ Chemical” incurred aA fictitious site called “XYZ Chemical” incurred a 
spill from one of the tanks in its tank farmspill from one of the tanks in its tank farm 

••	 The constituentThe constituent wwaas inorganic Arsenic (CASRNs inorganic Arsenic (CASRN 
74407440--3838--2) and 1850 grams spilled onto the soil2) and 1850 grams spilled onto the soil 

••	 We are concerned about the impact fromWe are concerned about the impact from 

incidental soil ingestion toincidental soil ingestion to wwoorkersrkers
 

••	 We’ll create the RAGS planning tables and theWe’ll create the RAGS planning tables and the 
conceptual site model (CSM) for this case…conceptual site model (CSM) for this case… 

Note that inNote that in most ofmost of thethe examples presentexamples presenteed that there are sd that there are soomeme 
steps that have been osteps that have been ommitteditted 
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Basic ARAMS Example – con’d 

•• In ARAMS,In ARAMS, we create a new project and thewe create a new project and the 
project planning dialog appearsproject planning dialog appears 
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Basic ARAMS Example – con’d 

•• We add a primary sourceWe add a primary source 
•• We then add an exposure medium to theWe then add an exposure medium to the 

primary sourceprimary source 
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Basic ARAMS Example – con’d 

••	 We add a receptor to the exposureWe add a receptor to the exposure 
medium and are then readymedium and are then ready to generateto generate 
the RAGS planning tables and the CSM…the RAGS planning tables and the CSM… 
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RAGS-D Planning Table 1
 

*Note: had w*Note: had wee included ecologicaincluded ecologicall components, thencomponents, then thethe 
“Ecological Planning“Ecological Planning TaTable”ble” wwouldould have been filled outhave been filled out 
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CSM Diagram 

•• The CSM is on the “CSM Diagram” tab as shown belowThe CSM is on the “CSM Diagram” tab as shown below 
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Basic ARAMS Example – con’d 
•• We then export the project description toWe then export the project description to 

FRAMES and create an initial FRAMESFRAMES and create an initial FRAMES 
GID fileGID file 
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Basic ARAMS Example – con’d 
••	 Note that the created FRAMES GID file onlyNote that the created FRAMES GID file only 

contains the constituent database module.contains the constituent database module. 
UnfortunatelyUnfortunately, the A, the ARAMS CSM tool does notRAMS CSM tool does not 
fullyfully genegenerate the FRAMES CSM, but under therate the FRAMES CSM, but under the 
ARAMS Help menu is a tutorial on hoARAMS Help menu is a tutorial on howw toto 
convert the CSM diagram to objects in FRAMESconvert the CSM diagram to objects in FRAMES 
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Basic ARAMS Example – con’d 

••	 Using the ARAMS CSM Diagram,Using the ARAMS CSM Diagram, wwee cacann 
construct the FRAMES CSM (see the ARAMSconstruct the FRAMES CSM (see the ARAMS 
Help menu for instructions on this)Help menu for instructions on this) 

••	 Based on this information,Based on this information, wwee thereforetherefore wwillill wwaanntt 
to place Source, Exposure Pathto place Source, Exposure Pathwwaayyss, R, Receptoreceptor 
Intakes, and Health Impacts modules on theIntakes, and Health Impacts modules on the 
FRAMES wFRAMES woorkspace andrkspace and wwee wwiill add a RAGSll add a RAGS 
vieviewwer module to generate a RAGS part D reporter module to generate a RAGS part D report 
as was weellll 
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Basic ARAMS Example – con’d 
•• The FRAMES CSM now looks like thatThe FRAMES CSM now looks like that 

shown belowshown below 
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Basic ARAMS Example – con’d 

•• We next make the necessary moduleWe next make the necessary module 
connectionsconnections 

28 



  

  

Basic ARAMS Example – con’d 
••	 We are nowWe are now readyready to select the models/databaseto select the models/database 

thatthat wwee wwiill use in the analyll use in the analyssis (byis (by rightright--clickingclicking 
on an object, selecting “General Info”, and thenon an object, selecting “General Info”, and then 
selecting from the available database/modelselecting from the available database/model 
listings):listings): 
–– Constituent ModuleConstituent Module -- “FRAMES Constituent“FRAMES Constituent 

Database Selection”Database Selection” 
–– Source moduleSource module -- “MEPAS 5.0 Source in Soil“MEPAS 5.0 Source in Soil 

Module”Module” 
–– Exposure PathExposure Pathwwaayyss -- “MEPAS 5.0 Exposure“MEPAS 5.0 Exposure 

PathPathwwaayyss Module”Module” 
–– Receptor IntakesReceptor Intakes -- “MEPAS 5.0 Receptor“MEPAS 5.0 Receptor 


Intakes Module”Intakes Module”
 
–– Health ImpactsHealth Impacts -- “MEPAS 5.0 Health Impacts“MEPAS 5.0 Health Impacts 

Module”Module” 
––	 RAGSRAGS -- “RAGS Table Generator”“RAGS Table Generator” 
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Basic ARAMS Example – con’d
 
(additional data)
 

VaVaririababllee DescDescririptptioionn ValueValue UniUnittss 

LeLennggtthh 5050 mm 

WidthWidth 5050 mm 

DepthDepth 55 cmcm 

InIngegestistioonn RfDRfD 00..00000303 mgmg/kg/kg//dayday 

InIngegestistioon CSn CSFF 1.51.5 (m(mg/g/kkgg//ddayay))-11 

DeDecacayy//ddeeggrradadatatioionn nnoneone n/an/a 

Soil ingesSoil ingesttiioonn raratete 0.00.055 g/g/dayday 

Soil leSoil leacachh raratete 
consconstatantnt 

00 /y/yrr 

WoWorker wrker woorkrk 
ffrrequencyequency 

340340 daydayss/y/yrr 

ExpoExposusure dure durraattiionon 3030 yryr 

WorkWorker aer avveraeraggee 
wweeightight 

7070 kgkg 
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Basic ARAMS Example – con’d 

••	 We then perform user input on all of theWe then perform user input on all of the 
modules and then run all of the modulesmodules and then run all of the modules 
(we can also use the FRAMES “Go”(we can also use the FRAMES “Go” 
button to accomplish this)button to accomplish this) 

••	 We can then view the output…We can then view the output… 
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Basic ARAMS Example – con’d 
••	 The Health Impacts “Summary ViewThe Health Impacts “Summary Views os off Risk, Hazard andRisk, Hazard and 

Dose” viewDose” viewer is sher is shoowwn and tn and thhe cancer risk is 4.08Ee cancer risk is 4.08E--0606 
and the HI is 2.1Eand the HI is 2.1E--0202 
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Basic ARAMS Example - concluded 

••	 If we run the RAGS viewer, we get the setIf we run the RAGS viewer, we get the set 
of RAGSof RAGS part D tables shown belpart D tables shown beloow usingw using 
the viewer’s Rthe viewer’s RMME optionE option 
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Firing Range Example 
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Firing Range Example
 
••	 In this example, a hIn this example, a hyypothpotheetical firingtical firing 

range of 500 m x 500 m has a receivingrange of 500 m x 500 m has a receiving 
stream located 3 km down gradient fromstream located 3 km down gradient from 
the rangethe range 

••	 The range is to be used for 50The range is to be used for 50 yyeearsars 

••	 We are onlyWe are only concerned about runoff fromconcerned about runoff from 
the sitethe site 

••	 We are interestWe are interested in determining if anded in determining if and 
when RDX (CASRN 121when RDX (CASRN 121--8282--4)4) 
concentconcentrrations in the stream exceed thations in the stream exceed thee 
protective public adprotective public advisovisorryy criteria of 2criteria of 2 
partsparts--perper--billion (ppb)billion (ppb) 
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Firing Range Example – con’d
 
Variable DescriVariable Descripptiontion ValueValue UniUnittss 

RanRangge lie lifefe 5050 yryr 

AvAveerrage rainfallage rainfall 63.563.5 cmcm 

ReceiReceivviing streng stream anam annualnual flflooww 
raterate 

0.50.5 mm33/sec/sec 

MuMunitinitionons us usedsed 81 mm Mortar81 mm Mortar && 155 mm155 mm 
HoHowwiittzzerer 

n/an/a 

MuMunitinitionon Variable DescriVariable Descripptiontion ValueValue UniUnittss 

81 mm Mortar81 mm Mortar RoRoununds Fireds Firedd 30003000 /y/yrr 

LoLoww OrOrderder 22 %% 

Yield*Yield* 2525 %% 

155 mm Ho155 mm Howwiitztzerer RoRoununds Fireds Firedd 30003000 /y/yrr 

LoLoww OrOrderder 22 %% 

Yield*Yield* 2525 %% 

* Amount of explosive used up in a low order detonation 
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Firing Range Example – con’d 

•• Modules, databases and models used:Modules, databases and models used: 
–– Constituent moduleConstituent module–– “FRAMES Constituent“FRAMES Constituent 

Database Selector”Database Selector” 
–– Source moduleSource module –– ““MunitionMunition ResidueResidue 

Characterization and Fate Model” (availableCharacterization and Fate Model” (available 
beginningbeginning wwiith ARAMS 1.4)th ARAMS 1.4) 

–– Surface Water moduleSurface Water module –– “MEPAS 5.0 River“MEPAS 5.0 River 
Module”Module” 

–– Exposure PathExposure Pathwwaayyss modulemodule –– “MEPAS 5.0“MEPAS 5.0 
Exposure PathExposure Pathwwaayyss Module”Module” 
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Firing Range Example – con’d 

••	 We select RDX as the constituent ofWe select RDX as the constituent of 
concern and set anconcern and set anyy prpropeoperrtitieses of Rof RDDXX 
that mathat may be necessary be necessaryy in the constituentin the constituent 
database moduledatabase module 

••	 We then supplWe then supplyy the model inputthe model input 
information requiredinformation required 

••	 FinallFinallyy,, we run the modules…we run the modules… 
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Firing Range Example – con’d 

•• Our example CSM then looks like thatOur example CSM then looks like that 
shown belowshown below 
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Firing Range Example – con’d 
••	 We can then vieWe can then vieww ththe surface we surface waater moter module’sdule’s 

wwaater conter concentration file (WCF) outputcentration file (WCF) output 

••	 From the WCF outputFrom the WCF output wwee notinotice that thece that the 
protective public advisorprotective public advisoryy critcriteria of 2 ppberia of 2 ppb wwill beill be 
exceeded after approximately 40 yexceeded after approximately 40 years of useears of use 
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Firing Range Example – con’d 

••	 What can we do to ensure that we doWhat can we do to ensure that we do 
not exceed the advisory critnot exceed the advisory criteria foreria for 
the range usage period?the range usage period? 

••	 One possibilitOne possibility is ty is too altalteernatrnate thee the 
range use on 10 year cyclesrange use on 10 year cycles 

••	 Let’s tLet’s teest this altst this alteernatrnative…ive… 
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Firing Range Example - concluded 
••	 We make the model input adjustments and reWe make the model input adjustments and re--runrun 

the modelsthe models 

••	 From the output of the alternative case,From the output of the alternative case, wwee cancan 
see that this does prevent exceeding thesee that this does prevent exceeding the 
advisoradvisoryy criteriacriteria 
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Terrestrial Eco Example 
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Terrestrial Eco Example 

••	 This is a steadyThis is a steady--ststatate analysis wheree analysis where 
we wish to evaluatwe wish to evaluate te thhe exposure ofe exposure of 
a Belted Kingfa Belted Kingfisher (isher (CeryleCeryle alcyonalcyon)) 
and Red Fox (and Red Fox (VulpesVulpes vulpesvulpes) to DDT) to DDT 
(CASRN 50(CASRN 50--2929--3) cont3) contaminataminateded 
watwateer, soil, and sediment (r, soil, and sediment (wwherehere 
appropriate)appropriate) 
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Terrestrial Eco Example –con’d 
•• The modules, databases and models used:The modules, databases and models used: 

–– Constituent moduleConstituent module –– “FRAMES Constituent“FRAMES Constituent 
Database Selector”Database Selector” 

–– Terrestrial Organism Selector moduleTerrestrial Organism Selector module–– 
“ARAMS Terrestrial Organism Selector”“ARAMS Terrestrial Organism Selector” 

–– User Defined moduleUser Defined module –– “SCF“SCF –– Soil Module”Soil Module” 
–– User Defined moduleUser Defined module –– “SCF“SCF –– SedimentSediment 

Module”Module” 
–– User Defined moduleUser Defined module –– “WCF“WCF –– Surface WaterSurface Water 

Module”Module” 
–– Terrestrial Benchmarks moduleTerrestrial Benchmarks module –– “TTD“TTD --

TRVsTRVs”” 
–– Eco Receptor Intake moduleEco Receptor Intake module –– “Terrestrial“Terrestrial 

Wildlife Exposure Model”Wildlife Exposure Model” 
–– Eco Health Effects moduleEco Health Effects module –– “Wildlife“Wildlife 


Ecological Assessment Program”Ecological Assessment Program”
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Terrestrial Eco Example – con’d 

••	 We selectWe select DDT as tDDT as thhe conste constiituent oftuent of 
concern and set anconcern and set any properties ofy properties of 
DDT that may be necessaryDDT that may be necessary 

••	 We selectWe select the terrestrial organismsthe terrestrial organisms 
••	 We selectWe select TRVsTRVs (or provide user(or provide user--

defined ones)defined ones) ttoo be used in tbe used in thhee 
analysis (we can use multipleanalysis (we can use multiple TRVsTRVs 
for a given receptor/constituent)for a given receptor/constituent) 

••	 Next, we supply the model inputNext, we supply the model input 
information requiredinformation required 

••	 Note:Note: TWEM is the onlTWEM is the onlyy model thatmodel that 
requires the output from the upstreamrequires the output from the upstream 
modules be run prior to opening themodules be run prior to opening the 
module for user inputmodule for user input
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Terrestrial Eco Example – con’d 
•• After running allAfter running all models, our examplemodels, our example 

CSM then looks like that shown belowCSM then looks like that shown below 
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Terrestrial Eco Example – con’d 
••	 We can then view the EHQ output of theWe can then view the EHQ output of the 

WEAP moduleWEAP module 

••	 A couple of the graphs where the EHQ isA couple of the graphs where the EHQ is 
> 1 are shown be> 1 are shown belowlow 
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Terrestrial Eco Example –
 
concluded
 

••	 Some of theSome of the EHQsEHQs wewerree 
high,high, wwhhat made themat made them 
high?high? 
–	 We can go cWe can go chheck theeck the TRVsTRVs 

thatthat wweere usre used (e.ged (e.g. ho. howw 
conserconservative wvative weerere thosthosee 
values?)values?) 

–	 We could go check theWe could go check the 
BABAFsFs, Regr, Regression,ession, 
Log(KoLog(Koww)),, aand lifend life histohistorryy 
parameter values used inparameter values used in 
TWEMTWEM 

–	 IfIf all areall are reasonable, thereasonable, thenn 
perhaps steperhaps stepps need tos need to bebe 
taken to mittaken to mitiigate thegate the 
impactsimpacts 
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Example with Uncertainty 
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Example with Uncertainty 

••	 This example demonstrates the powerThis example demonstrates the power 
and flexibilitand flexibilityy of tof thhe FRAMES S/U modulee FRAMES S/U module 

cation in the 

••	 A more detailed description is containedA more detailed description is contained 
in a journal article that hin a journal article that haas been accepts been accepteded 
for publifor publication in the J.J. ContamContam. Soil &. Soil & 
SedSed.,., ententiitledtled “Modeling Fate of RDX at“Modeling Fate of RDX at 
Demolition Area 2 of the MassachusettsDemolition Area 2 of the Massachusetts 
MilitarMilitaryy Reservation” (M.S.Reservation” (M.S. DortchDortch, S., S. 
FantFant, an, and J.A. Gerald)d J.A. Gerald) 

51 

51 



52 

Application to MMR Demo Area 2 for RDX 
Residue 
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MMR Demo Area 2 Background
 

••	 Used for demolitiUsed for demolition training from late 70’s toon training from late 70’s to 
late 80’slate 80’s 

••	 Used mostlUsed mostlyy C4 (RDX plus binders andC4 (RDX plus binders and 
plasticizers)plasticizers) 

••	 Measured soil and groundwaterMeasured soil and groundwater 
concentrations roughlyconcentrations roughly 2525 yyears laterears later 

••	 Asked byAsked by AEC to model site as proof ofAEC to model site as proof of 
conceptconcept 

••	 Challenge: to predict soil and groundwaterChallenge: to predict soil and groundwater 
concentrations not knowing theconcentrations not knowing the residueresidue 
loading 25loading 25 yyears priorears prior 
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Example with Uncertainty – con’d 

•• The surface/subsurface profile of the siteThe surface/subsurface profile of the site 
is shown belowis shown below 
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Example with Uncertainty – con’d 

•• The FRAMES representation used for theThe FRAMES representation used for the 
site is shown belowsite is shown below 
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Example with Uncertainty – con’d 

••	 The following table shows the variablesThe following table shows the variables 
that were treated as uncertain for thisthat were treated as uncertain for this 
case and their prescribed distributions…case and their prescribed distributions… 
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---

    VaVarriiaabbllee UniUnittss DiDiststrriibbuuttiionon LoLowewerr 
BouBounndd 

MMeeaann (b(basaseleliinne)e) UppUppeerr BoBoundund StStaannddaarrdd 
DevDeviiatatiioonn 

SoSoururccee ZoZonnee 

LeLengtngthh mm NorNormmalal 8080 110110 140140 1010 

WidthWidth mm NorNormmalal 8080 110110 140140 1010 

MMassass llooadad rarattee g/g/yyrr Log NorLog Normmalal 500500 10010000 50050000 750750 

ββ ddiissossoll.. coecoeff.. mgmg// 

cmcm22//secsec 

UniUnifforormm 7E7E-1010 7E7E-0909 7E7E-0808 NANA 

KdKd ml/gml/g NorNormmalal 0.0.2222 0.0.1111 0.0.005555 0.0.002288 

InInfiltrafiltratiotionn rarattee cm/cm/yyrr NorNormmalal 6060 7676..22 8585 2.2.55 

LoLowewerr vvaadodossee zzoonnee 

KdKd ml/gml/g NorNormmalal 0.0.000077 0.0.001133 0.0.002266 0.0.000033 

SSaat.t. HyHydrauldrauliicc 
CCoondnducucttiivitvityy 

cm/cm/ddayay NorNormmalal 450450 570570 650650 3333 

HHaalf lifelf life yyearearss NorNormmalal 1010 100100 200200 3232 

AAquiquiffeerr 

DaDarrccyy vveelloocicittyy cm/cm/ddayay NorNormmalal 5050 100100 150150 1717 

KdKd ml/gml/g NorNormmalal 0.0.000077 0.0.001133 0.0.002266 0.0.000033 

HHaalf lifelf life yyearearss NorNormmalal 1010 100100 200200 3232 

LonLongigittudiudinnaall 
ddiispspererssiivivittyy 

cmcm Log NorLog Normmalal 2121 210210 21021000 347347 

VeVerrtticaicall didissppersiersivviityty 

TraTrannsvsvererssee didisspperersisivviityty 

cmcm 

cmcm 

NorNormmalal 

Log NorLog Normmalal 

0.0.0011 

2.2.11 

0.0.338811 

2121 

1.1.00 

210210 

0.0.116655 

3535 
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Example with Uncertainty – con’d
 

••	 In the S/U module we setIn the S/U module we set the numberthe number 
of realizations to 500 and monitoredof realizations to 500 and monitored 
the outthe output of tput of thhe source zone soile source zone soil 
concentration and the groundwatconcentration and the groundwaterer 
concentration at a monitoring wellconcentration at a monitoring well 
identifidentifiied as MW262ed as MW262 

••	 Convergence occurred by 400Convergence occurred by 400 
iteratiterationsions 
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Example with Uncertainty – con’d 

••	 The figure below shows the source zoneThe figure below shows the source zone 
soil concentration (computed andsoil concentration (computed and 
observed) with upper and lower 95observed) with upper and lower 95%% 
confidenconfidence intce inteervalrval 
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Example with Uncertainty -
concluded 

••	 The figure below shows the groundwaterThe figure below shows the groundwater 
concentration (computed and observed)concentration (computed and observed) 
at monitoring weat monitoring well MW262 with upper andll MW262 with upper and 
lower 95%lower 95% confidconfidence intence inteervalrval 
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Advanced Example 
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••	 In this example tIn this example thhe versatilite versatilityy of ARAMSof ARAMS 
for analfor analyzing multiple fatyzing multiple fatee/transpo/transportrt 
within a watershed is demonstratedwithin a watershed is demonstrated 
–	 “Site“Site 1” and “Site1” and “Site 2” are t2” are twwoo areas of soil contaminatedareas of soil contaminated 

wwiitthh PCB.PCB. StormStorm wwaater runoff fter runoff frrom both som both siites ftes feed intoeed into 
another doanother dowwnnssttream site,ream site, “Secondar“Secondaryy Source”Source” 

–	 AA leachateleachate collection scollection syystem existsstem exists at siteat site #1,#1, wwhhichich 
serveserves as as as a sinksink 

–	 VolatilizatVolatilizatiion occurs aton occurs at site #1site #1 
–	 Runoff and wRunoff and wiinndd suspended particles from sitesuspended particles from site #1#1 

deposit onto thedeposit onto the “Secondar“Secondaryy Source” sSource” siitete 
–	 A surveA surveyy of the area indicated a sediment trapof the area indicated a sediment trap wwaass 

used in former operations at the sused in former operations at the siite and thiste and this aallso hasso has 
runoff to thrunoff to the “Secondarye “Secondary SSource” siteource” site 

–	 Runoff from theRunoff from the “Secondar“Secondaryy Source” sSource” siite fte flloowwss into ainto a 
streamstream wwhheerre, at ae, at a point dopoint dowwnnststream, theream, the wwaaterter isis 
extracteextractedd and used forand used for drinking, shodrinking, showweerring, anding, and 
wwaatteering ofring of a vegetable garden ba vegetable garden byy aa local residentlocal resident 
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Advanced Example – con’d 
•• This scenario is depicted as shown belowThis scenario is depicted as shown below 
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Advanced Example – con’d
 
••	 We use theWe use the follofollowwinging modules, datamodules, databases and models:bases and models: 

–	 ConConsstituent moduletituent module – “FR“FRAAMES ConMES Consstituent Databastituent Databasee 
Selection”Selection” 

–	 Source moduleSource module – “MEPAS 5.0 Source in Soil”“MEPAS 5.0 Source in Soil” 
–	 User Defined moduUser Defined modulele – “WFF“WFF – SurfSurface Water Module”ace Water Module” 
–	 Air moduleAir module– “MEPAS 5.0 Air“MEPAS 5.0 Air Module”Module” 
–	 Plus OperatorsPlus Operators modumodulele – “WFF“WFF – Surface WateSurface Water Plusr Plus 

Operator”Operator” 
–	 Overland FOverland Fllooww modulemodule – “Cop“Copyy of MEPAS 5.0of MEPAS 5.0 


SecondSecondararyy Source in Soil”Source in Soil”
 
–	 Surface WatSurface Wateer moduler module – “MEPAS 5.0 Surface Water“MEPAS 5.0 Surface Water 

Module”Module” 
–	 Exposure PExposure Paaththwwaayyss modulemodule – “MEPAS 5.0 Exposure“MEPAS 5.0 Exposure 

PathPathwwaayyss Module”Module” 
–	 Receptor IntReceptor Intakes moduleakes module – “MEPAS 5.0“MEPAS 5.0 ReceptReceptoorr 

Intakes Module”Intakes Module” 
–	 Health ImpactsHealth Impacts modulemodule – “MEPAS 5.0 Health“MEPAS 5.0 Health ImpactsImpacts 

Module”Module” 
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Advanced Example – con’d 

••	 We selectWe select PCB (GeneralPCB (General 
ClassifClassifiicatcation) as the constition) as the constituuentent ofof 
concern and set anyconcern and set any properties of itproperties of it 
that may be necessarythat may be necessary 

••	 We provide the required inputs forWe provide the required inputs for 

the modules (fthe modules (fairly numerous forairly numerous for 

this case)this case)
 

Note: The W F Pl or re no i put and c eates a siNote: The WFFF Plusus OOppereraattor requirequiress no innput and crreates a singnglele WFWFFF 
conneconnecctition toon to the dothe dowwnnssttreamream mmooduldulee for the cafor the casese wwhherere thee the mmoodeldel usedused 

dicated intherethere onlyonly acaccecepts apts a sisinglnglee WWFFFF ininputput connconnectectiionon asas inindicated in ththee 
del’s input	 l Infmomodel’s input conconnnectectiionon ddeescripscriptiontion (“Gen(“Geneerraal Infoo”)”).. 
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Advanced Example – con’d 

•• Example of the “MEPAS 5.0 Source inExample of the “MEPAS 5.0 Source in 
Soil” model’s userSoil” model’s user--interface showinginterface showing 
some of its inputssome of its inputs 
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Advanced Example – con’d
 
••	 Figure showFigure showiningg wwhhereere the modulethe module input connectioninput connection 

informatinformationion can be found (under Module Description ofcan be found (under Module Description of thethe 
model,model, wwhhicichh is available bis available byy rightright-clickingclicking on aon a modulemodule andand 
selecting “Generalselecting “General InfoInfo” f” frrom the pom the popup menu)opup menu) 

ValidValid 
ConnectionsConnections 
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Advanced Example – con’d 

•• In FRAMES, the CSM then looks like thatIn FRAMES, the CSM then looks like that 
shown below after running the modelsshown below after running the models 
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Advanced Example – con’d 

•• The figure below shows the human healthThe figure below shows the human health 
impact viewers available to the userimpact viewers available to the user 
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Advanced Example – con’d 

•• Below is the plot of the “HIF Graphical View”Below is the plot of the “HIF Graphical View” 
health impacts viewer showing the time varyinghealth impacts viewer showing the time varying 
carcinogenic risk for all pathways and all routescarcinogenic risk for all pathways and all routes 

PCB (General Classification) Health Impacts for All route(s) and All 
pathway(s) 
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Advanced Example – con’d
 
••	 The “SummarThe “Summaryy Views or Risk, Hazard, andViews or Risk, Hazard, and 

Dose” viewer is shown belowDose” viewer is shown below 

••	 Note thatNote that yyou can easilou can easilyy determine whichdetermine which 
route/pathwaroute/pathwayy contributes the most riskcontributes the most risk 

User caUser can seln seleecctt 
timtimee-perioperiodd herehere 
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Summary
 
•• ARAMS has multiple uses in risk assessment:ARAMS has multiple uses in risk assessment: 

–– Serves as a central frameServes as a central framewwork for conducting a RAork for conducting a RA 
–– Provides tools to help perform a RA quicker andProvides tools to help perform a RA quicker and 

more efficientlymore efficiently (e.g. RAGS planning tables, CSM(e.g. RAGS planning tables, CSM 
diagram, RAGS table generator)diagram, RAGS table generator) 

–– Provides extensive reporting capabilitiesProvides extensive reporting capabilities 
–– AlloAllowwss tracking and reporting of referencestracking and reporting of references 
–– Model/Database “Plug and PlaModel/Database “Plug and Playy” capabilit” capabilityy
 

(modular/adaptable)(modular/adaptable)
 
–– AlloAllowwss the user to use knothe user to use knowwn data or performn data or perform 

modeling and consequentlymodeling and consequently alloallowwss for timefor time--varvaryingying 
risk evaluations, i.e. risk managementrisk evaluations, i.e. risk management 

–– Performs uncertainty in a RAPerforms uncertainty in a RA 
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Status 

••	 ARAMS 1.4 will include tARAMS 1.4 will include thhe additionale additional 
models/modules:models/modules: 
––	 SEEM (SpatiallySEEM (Spatially ExExplicit Exposure Model)plicit Exposure Model) 

–– MRCFM (Munitions Residue CharacterizationMRCFM (Munitions Residue Characterization 
and Fate Model)and Fate Model) 

–– GENII* V2 & GENII V2 NESHAPSGENII* V2 & GENII V2 NESHAPS¥¥ suite ofsuite of 
modelsmodels 

––	 Sensitivity added tSensitivity added too S/U moduleS/U module 

––	 A joint frequencA joint frequencyy data (JFD) utilitdata (JFD) utilityy 

•• ARAMS 1.4 planARAMS 1.4 planned for release tned for release thhis Fallis Fall 

* Generation II 

¥ National Emission Standard for Hazardous Air Pollutants 
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Thanks
 

•• To all of the participantsTo all of the participants 

•• And to the folloAnd to the followwiinngg:: 

–– U.S. EPAU.S. EPA 

–– U.S. ArmU.S. Armyy Engineer Research andEngineer Research and 

Development CenterDevelopment Center
 

–– Interstate TechnologyInterstate Technology and Reand Regulatorgulatoryy CouncilCouncil 
(ITRC)(ITRC) 
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Upcoming Events 

•• ITRC ARAMS workshopITRC ARAMS workshop –– fall 2008fall 2008 
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Questions? 
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Contact Info 

•• Mr. Jeff Gerald (601)Mr. Jeff Gerald (601)--634634--35903590 

Jeff.Gerald@erdc.usace.army.milJeff.Gerald@erdc.usace.army.mil 

•• Dr. Mark S.Dr. Mark S. DortchDortch (601)(601)--634634--35173517 

Mark.S.Dortch@erdc.usace.army.milMark.S.Dortch@erdc.usace.army.mil 
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Thank You 

After viewing the links to additional resources, 
please complete our online feedback form. 

Thank You 

Links to Additional Resources 

Feedback Form 
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