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Introduction

The U.S. Army Engineer Research and Development Center (ERDC) is developing the Army Risk
Assessment Modeling System (ARAMS) to provide the Army with the capability to perform human and
ecologically based risk/hazard assessments associated with past practice and current activities at military
installations. The intent of the system is to provide a platform from which a variety of assessments can be
performed. The system is envisioned to help a risk analyst visualize an assessment from source, through
multiple environmental media (e.g., groundwater, surface water, air, and land), to sensitive receptors of
concern (e.g., humans and ecological endpoints).

ARAMS uses the Framework for Risk Analysis in Multimedia Environmental Systems (FRAMES)
developed by the Pacific Northwest National Laboratory (PNNL) for linking disparate objects, such as
environmental fate/transport models, databases, spreadsheets, etc. FRAMES is a Windows-based software
platform that provides an interactive user interface and, more importantly, specifications to allow a vari-
ety of DOS and Windows-based environmental codes to be integrated within a single framework.

This document is intended to serve as a tutorial for helping new users with the application of
ARAMS/FRAMES and the components within this system. This example does not include the steps for
project planning and the use of associated tools under the “File” menu. These tools help the user plan the
risk assessment including development of the conceptual site model and the RAGS Part D Table 1 for
human health risk assessment. There are several “Help” files within ARAMS that explain these
tools.

Example Description

This case will use measured soil concentrations to calculate the human health effects of a receptor
directly exposed to the soil. The measured values will be entered into the FRAMES system using the Soil
Concentration File (SCF) Spreadsheet Imports module. FRAMES accesses and reads the spreadsheet and
creates a Soil Concentration File (SCF). These soil concentrations will be used to estimate health impacts
to humans on or near the site for pathways such as air inhalation, soil ingestion, and soil dermal contact.
This case demonstrates the capability to enter SCF file values through a spreadsheet interface. The com-
pleted FRAMES working space for this example will look like Figure 1 when completed.
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Figure 1. Object workspace for example application

Input Data

Double-click on “ARAMS” icon to open “ARAMS info and Disclaimer” window and then select
“Accept” to continue.

b

ARAMS.Ink

Choose FRAMES in the ARAMS toolbar to launch FRAMES. (Note: If this is the first time you
have used ARAMS, you will need to configure it for FRAMES by selecting “File,” then
“***Must Configure Path to FRAMES***” and supplying the path to the “fui.exe” file).

While ARAMS/FRAMES is running, click “File” from the FRAMES menu and choose “New.”
A window titled “Global Input Data Open New” will appear (see Figure 2). In the “File Name”
box enter the project name (type: “Sample2,” maximum of eight characters) and click “Open
(see Figure 3). Do not name the new file “Example2” because it will write over the existing



“Example2” file that was distributed with the tutorial. A window titled “Create New Site”
will appear. Next, type the project site name (type: Site 1) and click “OK” (see Figure 4).

The color of the workspace may change. Double-Click on the Constituent icon so that the icon
appears on the upper left corner of the main screen. Repeat this operation to place the following addi-
tional icons into the workspace:

*“User Defined”
“Exposure Pathways”
“Receptor Intake™
“Health Impacts”

Click on and drag each icon to its respective position on the workspace. Connect the Constituent
icon with the Source icons by holding down SHIFT, left-clicking on the Constituent Icon, dragging the
cursor to the Source icon, and releasing the mouse button (Note: To remove this line, repeat the steps used
to connect it. To remove an icon from the screen, right-click and a menu will appear with different op-
tions. Click “Delete” and the icon will be taken out.).

In the same fashion, connect the following pairs of icons:

Constituent
Constituent
Constituent
Constituent

User Defined
Exposure Pathways
Receptor Intake

User Defined (already done)
Exposure Pathways
Receptor Intake

Health Impacts

Exposure Pathways
Receptor Intake

Health Impacts

AR

FRAMES should now look something like Figure 1.

CONSTITUENT DATABASE MODULE

Right-click the Constituent icon and choose General Info (see Figure 5). When the General Info
screen opens, enter “Constituent” in the “User Label” text box and select “FRAMES Default Chemical
Database Selection” in the “Select from applicable models” text box (see Figure 6). Click OK at the bot-
tom of the screen to return to the work area. The status light attached to the constituent icon will change
from black to red. Right-click on the constituent icon in the main screen and choose User Input. The
Constituent Selection screen will open (see Figure 7). The constituents used in this case are Chromium
11 and STRONTIUM-90. Scroll to select the constituent from the constituents list or use the “Find” op-
tion to search for it. Click the “Add >>>" button to add the constituent to the selected constituents list.
Click “File” and choose “Save and Exit” to return to the workspace screen. The Constituent icon’s status
light will change from red to green.
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Figure 7. FRAMES Constituent Selection screen (“Constituents of Interest” tab)

The following is a listing of all data input required by the remaining modules used in this example.
Names of object icons are in bold, italics, and underlined headings. Menu items (displayed by right-
clicking on the icon) are shown below the module in bold and indented to the right of the icon names.
Explanations of data required by each menu item are indented further to the right. To save information
for a scenario, select “File” and then “Save” from the main FRAMES menu.

USER DEFINED

General Info

A window titled “Object General Information” will appear. In the Label text box, input
“User Defined.” In “Select from Applicable Models,” choose “SCF Spreadsheet Im-
ports” and click “Ok.” The icon will change to that of a Source Term icon since SCF
Spreadsheet is a source term type of module as it is used for entering known sediment
concentrations. The status light next to the Source Term icon should turn red.
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The user should first choose each module for each object before entering any data; thus,
enter the “General Info” on each remaining module and make a selection before selecting
the “User Input.” After selecting modules, User Input should be performed, and the mod-
ules run, starting with the modules at the upper end of the chain and working down the
chain.

User Input

A window titled “SCF Spreadsheet Import” will appear (see Figure 8). Click
“Browse...” and select “SCFImportTemplate.xIs” from its location on the disk. Verify
that “Dataset” is not blank (should say “Site C Surface Contamination at Fort Campbell).
Also, select “Mean Concentration” for use. Click “File,” and choose “Save and Exit” to
return to the workspace screen. The status light next to the Source Term icon should turn
yellow.

Run Model

The model runs in the background. The status light next to the Source Term icon should
turn green.

View/Print Module output
A second menu will appear (see Figure 9). Select “SCF Text View” to view a screen

output like Figure 10. Choose “SCF Graphical View” to view a screen output in Excel
format (see Figure 11).

SCF Soil Spreadsheet Import - usr?

File Help
S preadsheet Filename: |E:"«.-'-‘-.ramsprg"~FF|.-’-'-.ME55"~S CFlmportT emplate. xls D Browse.. |
Site [workzheet]: |Ehemical3 j
Site Location: |Site C Surface Contamination at Fort Campbedll j
Use |Mean Concentration ﬂ
Chromium 111 16065831
STRONTIUM-30 SRA0

Figure 8. SCF Spreadsheet Import screen
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Figure 10. SCF Text View — Soil Concentrations screen
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EXPOSURE PATHWAYS

General Info

A window titled “Object General Information” will appear. In the Label text box, input
“Exposure Pathways.” In “Select from Applicable Models,” choose “MEPAS 4.1
Chronic Exposure Module” and click “Ok.” The status light next to the Exposure Path-
way icon should turn red.

User Input

A window titled “MEPAS Chronic Exposure Module" will appear. Click on the “Soil”
(see Figure 12) tab and ensure the following:

e Exposure duration - EM-SMED = 35 yr
In the “Pathways” tab (under the “Soil” tab) check the following:

Leafy vegetables, Other vegetables, Meat, Milk, Soil-Ingestion, Soil — Inhalation, Soil —
Dermal, Soil — External.

Click the “Exposure Controls” tab and fill it out according to the data in Figure 13, or the
information below.

Time to start exposure computation —-EC-TEXPOS =0.0yr
Maximum time for reporting — EC-MAXTIM =10.0yr
Number of time points for evaluation - EC-NTIMES =10

Click the “Leach Rates” tab and fill it out according to the data in Figures 14 and 15, or
the information below.

Leach rate selection option = EC-LEACHOPTION = “User provided leach rate con-
stants”

Surface soil leach rate constant = “Chromium I11” in top dropdown box and 1.0 1/yr in
bottom boxes.

Surface soil leach rate constant = “STRONTIUM-90" and “YTTRIUM-90” in top drop-
down boxes and 1.0 1/yr in bottom boxes.

Click the “Constituent Parameters™ tab and fill it out according to the data in Figures 16
and 17, or the information below. Note that some values are passed from the constituent
database whereas others, such as for chromium, must be entered.

Constituent = “Chromium 11’ and Parameters = ““Half-Life in Surface Soil” in top box
and 100000 days in bottom boxes. Parameter = “‘Half-Life in Groundwater™ (for food
holdup, after harvesting before consumtion but in a closed system) set to 1.0E20 days to
represent little or no decay.

Constituent = “STRONTIUM-90” and Parameters = ““Half-Life in Surface Soil” in top
box and 10600 days in bottom boxes.

14



Progeny = “YTTRIUM-90”” and Parameters = ““Half-Life in Surface Soil” in top box and
2.7 days in bottom boxes. The same values are set for half life in groundwater for both
strontium and yttrium.

The half-life values for the two radionuclides are pulled from the constituent database.
The half-life for chromium is user-specified to a relatively high value to represent the ex-
pected limited or no degradation.

All default values are being used for the other parameters that can be viewed under the
“Customize” menu. Then click “File,” and choose “Save and Exit” to return to the work-
space screen. The Exposure Pathways icon’s status light will change from red to yellow.

Run Model

The model runs in the background in a command prompt window. The status light next
to the Exposure icon should turn green.

View/Print Module Output

A second menu will appear. Select the “EPF Text View” to view a screen output like
Figure 18. Choose “EPF Graphical View” to view a screen output like Figure 19.

EMEPAS Chronic Exposure Module - exp3 = 0] x|

File Reference  Customize Help

Su:uill Ex=posure Eunlru:ulsl Leach Halesl Caonstituent F'arametersl

Exposure duration - EM-SMED 35 j Fef: 0
Soil Concentration Uzage
I1ze only the initial soil concentration from the SCF j
I Pathways
Plant Product [ngestion Other Pathways
[® Leafy vegetables X Sail - Ingestion
[® Other vegetables X Sail - Inhalation
Animal Product Ingestion 3 SD?' - Dermal
[ Meat X Soil - Extemnal
[ Milk

Figure 12. MEPAS Chronic Exposure Module — measured soil
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EMEPAS Chronic Exposure Module - exp3 = 0] x|

File Reference  Customize Help

Soil  Exposure Contraols | Leach Halesl Canstituent F'arametersl

Time to start exposure computation 0 - ;
EC-TEXPOS | ly =l fisk0
b aximum time for reparting - EC-bAsT [k I -||:||_,r,r j Bef 0

Murmber of time points for evaluation - I 10 :
EC-NTIMES Fiet. 0

Figure 13. MEPAS Chronic Exposure Module — exposure controls

EMEPAS Chronic Exposure Module - exp3 = 0] x|

File Reference  Customize Help

Su:uill Expozure Controls  Leach Halesl Consztituent F'arametersl

Leachrate selection option --
EC-LEACHOPTIOM

I |Jzer provided leach rate congtants j

Surface zoill leach rate constant [SOILLR]
| Chrorivm 1 =l

I 'I|1.n-'_l,Ir j Ref: 0

Figure 14. MEPAS Chronic Exposure Module — leach rates (Chromium I11)
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File Feference  Customize Help

Su:uiII Exposure Contrals  Leach Hatesl Constituent F'arametersl

Leachrate selection option --
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Surface zoill leach rate constant [SOILLR] Surface zoll leach rate caonstant [SOILLR]
[sTRONTIULM9D =] [ TTRILM-G0 =l
| 'II'I.-"yr j Ref: 0 | 'II'I.-"yr j Ref: 0

Figure 15. MEPAS Chronic Exposure Module — leach rates (STRONTIUM-90)
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Figure 16. MEPAS Chronic Exposure Module — constituent parameters (Chromium I11)

17



EMEPAS Chronic Exposure Module - exp3 = 0] x|

File Reference  Customize Help

Su:uill Exposure Eunlru:ulsl Leach Rates  Constituent F'arametersl

Constituent - EC-CHAME Parameters
ISTHDNTILIM-EIEI L 2 IHaIf-Iife in Surface Soil - EC-5 < I ¥ IVI

| 10800day | RefD

Frogeny - EC-CHARME FParameters
YTTRILKM-30 L 2 IHaIf-Iife in Surface Soil - EC-5 < | > |V|
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Figure 17. MEPAS Chronic Exposure Module — constituent parameters (STRONTIUM-90)
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File Cantents | Module Description |
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Medium type - Unknown Source usri
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"chronic,"uar2","Soil", 1, 2,
0. k"0, k"
"Chramium 11", 16065831, 0. 11,
0.0, 38.0, ", 7,
"Leafy vegetables", ingestion”,"madkg"
2383804,
"Other vegetables", " ingestion”,"madkg”
2383804,
"teat","ingestion”"madkg"
4.387E-04,
"till" "ingestion”,"mg/L"
1.150E-04,
"Soil","ingestion”,"mg g
1.271E-M,
"Soil","dermal","mg/kg"
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g/

Figure 18. Exposure Pathways Output (text view)
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= Exposure Pathway Concentrations - Time Series |:|@@

Chart Print  Save
Fepart Details
Murnber of criteria (max 25); |_j
Criteria | Selection #1 =
1 |Dataset usr2:-5oil hd
2 |Location [0, 0) km ] |
3 |Constituent Chromium 111 hd
4 |Route ingestion -
5 |Pathway [Lealy vegetables ~
b
7 |[wr] [mg/ka]
g [0 0.0002383
9 1 8. 745E-05
10 |2 3.209E-05
11 |3 1.178E-05
12 |4 4.321E-06
13 |5 1.586E-06
14 |6 5.818E-07
15 |7 2.135E-07
16 |8 7.835E-08
17 |9 2.875E-08
18 [10 1.055E-08
19
20
21
22
23
24
25
26
27 hd
1 al

Figure 19. Exposure Pathways Output screen (graphical view)

RECEPTOR INTAKE
General Info
A window titled “Object General Information” will appear. In the Label text box, input
“Receptor Intake.” In “Select from Applicable Models,” choose “MEPAS 4.1 Intake
Module” and click “Ok.” The status light next to the Receptor Intake icon should turn
red.

User Input

A window titled “MEPAS Receptor Intake Module" will appear. Fill it out according to
Figure 20. The parameters under the “Customize” menu are left at the default values.

Then click “File” and choose “Save and Exit” and again click “File” and choose “Save

and Exit” to return to the work screen. The Receptor Intake icon’s status light will
change from red to yellow.

20



Run Model

The model runs in the background in a command prompt window. The status light next
to the Receptor icon should turn green.

View/Print Module Output

A second menu will appear. Select the “RIF Text View” to view a screen output like Fig-
ure 21. Choose “RIF Graphical View” to view a screen output like Figure 22.

EMEPAS Receptor Intake Module - rcp = 0] x|

File Reference Customize Help

Baody weight of individual -- IC-BODYWT I ?DI kg j Ref: O
E=posure duration -- IC-EXPDUR I 3|:||_.,., j Ref: O
‘Water dermal absorbtion model - [C-DER M IEP"':'" madel j

Ground water ingestion rate - |G-LUDWIGW I 2|L.-"d j Ref: 0
Surface water ingestion rate - IW-UDWSW I 2| LAd j Ref: O
Age of receptor at start of exposure - IC-TAGET I DIW j Ref: 0
Age of receptar at end of exposure - IC-TAGEZ I ,‘-‘|:||_|,|r j Fef: 0
tethiod for inhalation impact analyziz - HE-IMHAL Igi, concentration j

“alue mustbhe between 1 and 100 kg

Figure 20. MEPAS Receptor Intake Module screen
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¥iewing File {c:' aramsprg'framesy5'.ex2_nu.rif) Section (rcp4)

File: I c:haramsprahframesyahess_nuf ﬂ Print

File Contents I Maodule Description I

*File:  c:haramzpratframesyhes2nunf
* Section: repd
“Dater  316/2004 10:45:27 &M

1.
Fieceptor Intake Fils generated by MEPAS 4.0 intake module
1

“chromic!,"usr2","Sail ', 1,1, 2,
00"%m",  0.0'"km",
0., 70",
"Chromium 11I","16065831", 0, 11,
000", 30,00 ", 14,

1.."Lealy vegetables" "ingestion’,"mgkg/day”, "noncarcinogenic'’,

F.15E-08,

1.."Lealy vegetables", ingestion’,"mgskg/day", "carcinogenic'',
3.06E-03,

1.."Other vegetables™,"ingestion"."ma/kg/day". " noncarcinogenic”,
4 43E07,

1.."Other vegetables™, ingestion’,"mgskg/day", "carcinogenic'',
1.90E-07,

1.."Meat” Mingestion”."ma/kglday"”. honcarcinogenic',
4.07E-07,

1. "Meat" "ingestion”,"mg/kg/day". "carcinogenic”,
1.75E-07,

1."Milk""ingestion™,"mag/kasday” . "noncarcinogenic”,
1.23E07,

1. Milk"ingestion™,"mgdkgiday”,"carcinogenic',
5.28E-03,

Figure 21. Receptor Intake Output (text view)
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&= Receptor Intakes - Time Series

Chart Print  Save
Fepart Details
Murnber of criteria (max 25); |_j
Criteria | Selection #1 =
1 |Dataset usrZ: 5ol hd _
2 |Location [0, 0) km hd
2 |Age 0to 70 hd
4 |Constituent Chromium 111 |
5 |Measure noncarcinogenic - |
6 |Umt mag/kg/day -
7 |Aoute fan -
8 |Pathway  All hd
b
10 |[yr) [mg/kofday)
11 |0 1.237E-06
12 |1 4 5286E-07
13 |2 1.6665E-07
14 |3 6.111E-08
15 |4 2.2421E-08
16 |5 8.236101E-09
17 |6 3.0197E-09
18 |7 1.10744E-09
19 |8 4.0716E-10
20 |9 1.4919E-10
21 (10 5 4716E-11
22
23
24
25
26
27 hd
1 al

Figure 22. Receptor Intake Output (graphical view)

HEALTH IMPACTS

General Info

A window titled “Object General Information” will appear. In the Label text box, type
“Health Impacts.” In “Select from Applicable Models,” choose “MEPAS 4.1 Human
Health Impact Module” and click “Ok.” The status light next to the Health Impacts icon
should turn red.

User Input

A window titled “MEPAS Human Health Impacts Module " will appear. Click on the
“Chemical” tab and ensure that the following is true in Figure 23.

Click on “Radionuclide” tab and ensure that the following default selections and values
are true in Figure 24.
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Go to “File” and choose “Save and Exit” to return to the workspace screen. The Health
Impacts icon’s status light will change from red to yellow.

Run Model

The model runs in the background in a command prompt window. The status light next
to the Health Impacts icon should turn green.

View/Print Module Output

A second menu will appear (see Figure 25). Select “HIF Text View” to view a screen

output like Figure 26. Choose “HIF Graphical View” to view a screen output like Figure
27.

Selecting the “Summary Views of Risk, Hazard and Dose” output command will result in
an output screen like Figure 28.

DMEPAS Human Health Impacts Module - heis ]

File Feference  Help

Chernical I R adionuclide I

X Calculate lifetime cancer incidence - CHEMRBISE
X Calculate hazard index - CHEMHI

Hazard quatient threshald limit - RFDLIM I g Rek 0

tethiod for inhalation impact analyziz -- INHALE Air cancentratian j

Figure 23. MEPAS Human Health Impacts Module — chemical

24



DMEPA.E Human Health Impacts Module - heis

File Eeference  Help

=100 ]

® Calculate lifetime cancer incidence - HE-INC
Conwverzion factar - HE-COMIMC I

0.06|risk/5v x| Fek 0

) Calculate cancer fatalities - HE-FAT
Corwerzion factar - HE-COMFAT I

602 risk/5v 7] Rkl

) Calculate lifetime cancer and severe hereditany effects - HE-FSHH

Cancer nzk evaluation method -- IHEAST

Corwerzion factar -- HE-COMFSH I

e [
[ Calculate radiation dose commitment [CEDE] - HE-CEDE

IIEHP doze and rizk factors

Thickness of contaminated soil/zediment laper - 0.04 - :
TSOIL I m J Ref: 0
Denzity of contaminated soilsediment layer -- 15 ~3 | Ref 0
DSOIL | gen”3 ]

~

Figure 24. MEPAS Human Health Impacts Module - radionuclide

: Framework for, Risk Analysis in Multimedia Environmental Systems
File Site Customize GO... Help

E Tenestrial Benchmarks **
Terrestrial Organism Sel
-P; Tenestiial Screening Le

[{@ Eco Exposure & Risk

@) Eco Health Effects
é Eco Receptor Intake
E Eco Tissue Concentratic
@ Fate & Transport
ﬁ Air
. Aquifer

- DOverland Flow

- Source
H Surface Water -
. Vadose Zone

[&@ Human Exposure & Risk

- Exposure Pathways 3
4

i} | =l

File: c:\aramsprg\framesS\exampleZ_gid

Site: Site 1 | Icon: Health_Impacts (hei5)

HIF Graphical Wiew

HIF Probabilicy of Excesdence

HIF Text Wiew

Health Impacts For all Age Groups, Routes and Pathways by Time
Health Impacts For all Routes and Pathways by Time and Age Group
Health Tmpacts For all Age Groups by Time, Raute and Pathway
Maximum Health Tmpacts For all Age Groups by Route and Pathway:
Summary Yiews of Risk, Hazard and Dose

RAGS Table Generator

General Info
User Input
Run Modsl

Rename
Delete

Yiew/Print User Input
WiewyPrir & Output

5/25/2004

Figure 25. Health Impacts Output menu
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Yiewing File (c:\aramsprg\frames5iexamplei. hif) Section (hei5)

File: | c:\aramzpra' framesShexample2. hif j Prirt | Done |
File Contents ] Module Description I
S
“File:  c:haramspraframesShexample2 hif
* Section: hei5
*Date:  5/27/2004 3:51:56 AM
1,
Health Impactz File generated by MEFPAS 4.0 health impacts component
1
“chronic',"uer2", "Sall", 1,1,2,1.1,
“al sites”,
“total body”,
0.0 km", 0.0 km",
'E0RSE31", 0, 11,
0.00,"r",  30.00,"pr", 14,
1.."Leafy vegetables","ingestion”,"HI","noncarcinogenic”,
7.15E-08.
1.."Leafy vegetables","ingestion”,""Risk","carcinogenic”,
0.00E+00,
1.."Other vegetables","ingestion”,"HI","noncarcinogenic”,
4.43E-07,
1.."Other vegetables","ingestion”,""Rizk","'carcinogenic™,
0.00E+00,
1.."Meat"."ingestion", noncarcinogenic’.
4.07E-07,
1."Meat" "ingestion",'Risk"."carcinagenic”,
0.00E +00,
1. "Milk" "ingestion”,"HI","noncarcinogenic'', o
12307

Figure 26. Health Impacts Output (text view)
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E| Health Impacts - Time Series

Chart  Print  Save
Report Detail:
MNumnber of criteria [max 25); l_j
Ciiteria_ | Selection #1 el
1 |Dataset usr2:Soil | -
2 |Location [0, 0] km |
3 |Age 0o 70 -
4 |ConstituentAll Badionuclides -
5 |Meazure cancer incidence v |
6 |Unit Risk hd
7 |Route All |
g |Pathway  All |
9 |Organ All |
10
11| (wr) [Risk)
12 |0 1.67304E-D8
13 |1 6.019264E-09
14 |2 2.157228E-09
15 |3 7.75338E-10
16 |4 2.78F7T63E-10
17 |5 9.992605E-11
18 |6 3.594199E-11
19 |7 1.289403E-11
20 |8 4 624885E-12
21 |9 1.661731E-12
22 |10 5.994589E-13
23
24
25
26
27 hd
1 v

Figure 27. Health impacts Output (graphical view)
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EI Summary of Risks/fHazard/Dose

Print  Save
Dataset Jusi2:5ail =l TimePontpn  J000 =l
Location ‘[D' 0) km j Cancer organ |a|| sites ﬂ
Age Group ‘U to 70 j
Constituent |A" Radionuclides j Exposure duration: 30.00 pr

Exposure Route and Pathway cancer incidence 4 |
Risk
[all sitez)
TOTAL 1.673E-08
ingestion [total] 1.663E-08
Leafy vegetables 2192E-09
Other vegetables 1.351E-08
Meat 1.403E-10 —
Hilk. E.53E-10
Sail 2.798E-11
dermal [tatal) 4 407E-12
Sail 4.407E-12 =

Figure 28. Summary of Risks/Hazard/Dose
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