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8.0 3MRA Inputs, Outputs, and Dimensionality 
 

 
The discussion presented in this section provides an overview of the input and output 

variables comprising the 3MRA Version 1.0 modeling system.  This is broken-down in general 
summaries, describing overall characteristics of inputs and outputs across the system, and is also 
presented on a module-by-module basis.  Terminology is first revisited along lines of describing 
the overall dimensionality of the national assessment problem statement.  Finally, a presentation 
of module-level inputs and outputs is provided in simple, tabular form to aid the reader in 
grasping the dimensionality of 3MRA and its component science modules, and to provide the 
necessary context from which to appreciate the uncertainty and sensitivity analysis plan 
described in Section 9. 
 
 
8.1 Dimensionality of 3MRA Inputs and Outputs 

 
As discussed in Section 4.2.1, the 3MRA modeling system encompasses 966 input 

variables derived from national, regional, site-based, and chemical properties databases; system 
level processing control variables; and 45 meteorological model inputs.  Over 185 of theses 
model inputs are explicitly stochastic (i.e., represented as stochastic distribution functions). 
3MRA also preserves 372 module-level output variables, in addition to calculations embodied in 
exit level processing schemes represented within the ELP1 and ELP2 processors. 

 
Reviewing again the terminology introduced in Section 1.3.1 (Helton and Davis, 2000, 

2002, 2003), the 3MRA model results can be represented by an output vector function y = [y1, 
y2, …, yny

] for an associated input vector x = [x1, x2, …, xnx
], where nx and ny represent the 

number of elements of x and y, respectively, and there is uncertainty in both x and y(x).  The 
vector x represents an input vector (i.e., a set of parameter values) for a single model run.  
Uncertainty analysis (UA) is the process of evaluating the uncertainty in y(x) given the total 
uncertainty in x.  Sensitivity analysis (SA) is the process of determining how important the 
elements of x are with respect to the uncertainty in y(x).   

 
To assess UA/SA, we are interested in developing a statistically appropriate sample xk = 

[xk1
, xk2

, …, xknx
] for k = 1 , 2, …, ns and related output vector y(xk) = [y1(xk), y2(xk), …, 

yny
(xk)], where ns is the number of samples or iterations (i.e., realizations).  In it simplest form, y 

could be constructed from a single model run from one, or all, of the model outputs represented 
within the 3MRA global results files (i.e., GRF files), for ns = 1.  Looking only at a single site, 
for a given WMU-type and chemical, an assessment of the wastestream concentration “exit 
level” would be derived from the distillation of individual module outputs found within the GRF 
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files for a set of nCw*ns model runs, collected within the ELP1 data structure, and subsequently 
analyzed through use of the ELP2.  Values of xi of x here would be the same for each xk, aside 
from the selected values of Cw, where nCw = 5 is the typical number of Cw’s evaluated in 3MRA.   

 
Number of Model Runs for the National Assessment 
 
There are ns* nss*nCw*nC = ns*90,085 (i.e., ns*419*5*43) total number of model runs that 

would be needed to assess UA/SA for various exit levels calculated by 3MRA, for a national 
assessment across all 43 chemicals, all 201 sites, all 5 WMU-types, and the 5 wastestream 
concentrations currently parameterized in the 3MRA databases.  In summary: 

 
• The values nx and ny represent the number of elements of x and y, respectively,  
• The value ns is the number of samples or iterations (i.e., realizations),  
• The value nsites = 201 is the number of sites or facilities, 
• The value nWMU  = 5 is the number of WMU-types, 
• The value nss = 419 is the number of actual site-source combinations in the 3MRA 

site-based database,  
• The value nCw = 5 is the number of wastestream concentrations considered, and 
• The value nC  = 43 is the number of chemicals and metals currently considered. 

 
 
Number of Exit Levels Possible in the National Assessment 
 
For exit level calculations for a given chemical and WMU-type, and one or many sites, 

the dimensionality of y (i.e., ny) would be determined by the total number of receptor exposure 
profiles of interest, and specific target risk levels and population percentiles of interest, as 
previously described in Sections 4.5.7, 4.6.1 and 4.6.2.  Recall that, from the perspective of exit 
level model outputs and a chemical with three risk factors present (human cancer and hazard, and 
ecological hazard), ny could range up to 224,850 possible modeling system-level outputs 
normally captured by the ELP1 and ELP2 calculation schemes.  Normally, though, only a small 
subset of the actual ny exit level outputs accessible through the ELP2 are currently of direct 
interest to OSW.  The maximum possible set of exit levels can be constructed along an infinite 
number of “% sites protected levels”, an infinite number of probability levels with respect to 
empirical input uncertainty, and an infinite number of probability levels with respect to empirical 
output sampling error (OSE) uncertainty (see Sections 2.5.3, 2.6.6, 4.4.5, 4.6.1, and 4.6.2). 

 
For the national assessment of exit levels (ignoring ISE; see Section 2.6.6), 3MRA 

simulation experiments are typically constructed across all WMU-types at 5 Cw levels, and, thus, 
y is constructed from a set of ns*nss*nCw input vectors, where this is done for each chemical 
considered.  Recall also from Section 4.3.4, based on the random number generator scheme used 
in 3MRA Version 1.0, all values for xi of x are the same for a given k = 1 , 2, …, ns across all 
Cw’s, chemicals, and WMU-types selected by the user, for a given initial seed value and set of 
SiteIDSeed values listed in the site-based database “Facility” table. 
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8.1.1 Dimensionality of Individual Elements Within Input and Output Vectors 
 

An important distinction in 3MRA is that each element xi of x itself can represent either a 
scalar value or a multi-dimensional parameter of up to 5 dimensions, where, currently, within the 
3MRA Version 1.0 modeling system, the largest dimension for any input xi of x is 3.  
Considering an output vector y constructed from individual output variables found within GRF 
files, currently, within 3MRA Version 1.0, the largest dimension for any output element yi of y is 
3, except for the human risk module output variables that can carry up to 5 dimensions.  
Dimensionality of individual elements xi and yi is derived from spatial or temporal grids, or 
representation of individual members of “populations” (e.g., the number of waterbody networks, 
the number of human receptors of a given type, the number of human receptor types, etc.). 
 

 Another important distinction in the national assessment strategy of multiple site-based 
assessments is that for each site, the total dimensionality of a specific input xi may also be 
different from site to site (e.g., different sites have different numbers of receptors). 

 
8.1.2 Convention for Representing Input and Output Vectors in 3MRA 

 
In summarizing, without loss of generality to the national assessment, we have referred in 

previous sections more generally to the simpler notation of xk, y and the mapping [xk, y(xk)] in 
discussing UA/SA, realizing that ns*nss*nCw input vectors xk are actually being formed in 3MRA 
to generate various exit levels of interest, as elements of y, for each chemical. 

 
Described by Helton and Davis (2000, 2002, 2003), UA and SA involves five major 

components:  
 

1) Definition of uncertainty distributions D1, D2, …,Dnx
 that describe the total 

uncertainty in input factors, if any;  
2) Generation of nss separate xk vectors from the input distributions;  
3) Generation of y(xk); i.e., via Monte Carlo Simulation;  
4) Displays of the uncertainty in y from the analysis outcomes of y(xk); i.e. total 

uncertainty analysis via ELP2; e.g. using CDFs; and  
5) Exploration of the mapping [xk, y(xk)] to determine the effects of elements of 

x on y ; i.e. sensitivity analysis. 
 

 
8.2 System-Level Summary of Model Inputs and Outputs 

 
There are 921 actual input variables, and 372 output variables tracked within the 

dictionary system that regulates interactions between individual science modules, and between 
science modules and system level processors in 3MRA.  Not all of these variables change from 
model run to model run, even in the national assessment application.  For example, several 
variables represent fixed-length indexes used by 3MRA (e.g., string descriptions of quantitative 
indexes, quantitative indexes of specific entities like aquatic habitats considered by 3MRA, etc.), 
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or other features of the model domain (e.g., legacy model switches permanently set in their use 
in 3MRA, etc.).   

 
Tables 8-1 through 8-8 provide an overview of the structure of model inputs and outputs 

across 3MRA Version 1.0.  The tables cover descriptions of: 
 
• Table 8-1:  Summary of Model Input Dictionaries 
• Table 8-2:  Summary of Model Output Dictionaries 
• Table 8-3:  Summary of Model Input and Output Data Types 
• Table 8-4:  Summary of Model Input and Output Dimensionality 
• Table 8-5:  Summary of National, Regional, and Site-based Model Inputs 
• Table 8-6:  Summary of Model Inputs Derived From Multiple Database Sources 
• Table 8-7:  Summary of Model Input Distribution Types By Module 
• Table 8-8:  Summary of Model Inputs With Multiple Distribution Types 
 
Tables 8-1 and 8-2 breakdown the numbers of SSF inputs and GRF outputs by module, 

respectively (see also Table 4-3).   Table 8-3 shows model input and output variables by data 
type.  Table 8-4 shows the dimensionality of SSF-based xi model inputs and GRF-based yi model 
outputs, as discussed in Section 8.1.1.  Table 8-5 presents the various distributions used for input 
variables, distilled from national, regional, and site-based databases in 3MRA.  Table 8-6 depicts 
model inputs that can have different sources of data for different sites.  For example, when site-
specific parameterization was available for some sites, but lacking for others, national 
distributions are used by the SDP to populate site simulation files for the latter.  Table 8-7 
summarizes the stochastic model input distribution functions used by module.  In Table 8-7, 
certain chemical properties currently included in 3MRA, but not yet active, are indicated by “No 
data available” (e.g., inputs associated with “activated” biodegradation of organic chemicals).  
Finally, Table 8-8 summarizes certain model inputs that can have different distribution function 
type descriptions depending on database source and/or site.   

 
“Other” sources of model input data detailed in Table 8-9 and captured in summaries 

given in Tables 8-1 through 8-4, and Tables 8-7, and 8-8, include chemical properties data, and 
human and ecological benchmarks, etc., found within the 3MRA “CPPData” directory.  Data not 
represented in this analysis generally includes that derived from the metal isotherm database 
(*.iso files) and meteorological database, described in Section 3 and Volume II. 
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Table 8-1. Summary of 3MRA Version 1.0 Model Input Dictionaries 

 
Table 8-2. Summary of 3MRA Version 1.0 Model Output Dictionaries 
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Table 8-3. Summary of 3MRA Version 1.0 Model Input and Output Data Types 

 
 

 
 
 
 

Table 8-4. Summary of 3MRA Version 1.0 Model Input and Output Dimensionality 
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Table 8-5. Summary of National, Regional, and Site-based 3MRA Model Inputs 

   
 
 
 
 
 
 
 
 

 Table 8-6. Summary of 3MRA Model Inputs Derived From Multiple Database Sources  
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Table 8-7. Summary of 3MRA Model Input Distribution Types By Module  
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Table 8-8. Summary of 3MRA Model Inputs With Multiple Distribution Types  
(Analysis excludes chemical properties database) 

 
 
8.3 Module-Level Summary of Model Inputs and Outputs 

 
Summarized in Tables 4-3, 8-1, and 8-2, there are 20 separate input file dictionaries (i.e., 

SSF) and 15 output file dictionaries (i.e., GRF) for individual modules (e.g., aquifer module, 
etc.), which include certain system-level data structures (e.g., header file, site layout, and 
chemical properties) in 3MRA Version 1.0.  The header output file simply represents a system-
level, model group stamp with no associated output variables.  Variables associated with 3MRA 
model inputs are summarized in Tables 8-9a through 8-9t, and for outputs in Tables 8-10a 
through 8-10o. 
 
 Dictionary Summary Key 

 
In interpreting the various fields shown in Tables 8-9 and 8-10, the following key is 

provided.  Fields in the key description below marked with an asterisk indicate information 
found in the actual dictionary files of 3MRA Version 1.0.  Fields not marked with an asterisk (*) 
indicate metadata compiled in a separate, cross-comparison analysis of the 3MRA dictionary 
system and databases, together with test observations of 450,425 model simulations attempted 
representing 5 national realizations for all 43 chemicals, for all Cw’s, and WMU-types, with an 
initial seed value of 11031.  3MRA does not need or utilize the metadata to actually run, where 
this information is essentially embedded in the technology in various ways.  The additional 
metadata information is preliminary in nature, and was compiled without opportunity yet for 
extensive review and cross checking, which is still underway.  The analysis was also based on 
simulations conducted that do not include a recent modification made to the final 3MRA 
modeling system associated with the random number generation scheme, discussed in Sections 
4.3.4 and 6.7.1.  As such, values for “TestAvg”, “TestMax”, and “TestMin” may differ from 
final 3MRA Version 1.0 results for model inputs described by non-constant distribution types.   

 
The main purpose of the analysis was to provide for additional system-level verification 

of 3MRA input and output values, and to assess those inputs that are invariant across model runs 
and/or across various chemicals. 
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• Name* – model input or output name 
• Description* - description of the variable  
• Unit* - description of unit associated with the variable  
• DataType* - internal data type representation of the variable  
• Dimension* - the number of dimensions associated with the variable  
• Minimum* - the minimum value the variable is allowed to take-on 
• Maximum* - the maximum value the variable is allowed to take-on 
• TestAvg – average value determined in initial extraction test 
• TestMin - minimum value determined in initial extraction test 
• TestMax - maximum value determined in initial extraction test 
• FixedIndex – describes the nature of the variable as variant or invariant 
• National? – value of 1 is assigned if the variable is currently in the national database 
• Regional? - value of 1 is assigned if the variable is currently in the regional database 
• Site? - value of 1 is assigned if the variable is currently in the site-based database 
• Other? - value of 1 is assigned if the variable is currently in another 3MRA database 
• Dist. Type – describes the probability density function type used to characterize it 
• # Dist. Types – the # of distribution types that can be assigned across model runs 
• Is Index? – the variable is used as a dimensioned index for another variable in 3MRA 
• Index 1* - the variable name this variable is first indexed across, if dimension > 0 
• Index 2* - the variable name this variable is next indexed across, if dimension > 1 
• Index 3* - the variable name this variable is next indexed across, if dimension > 2 
• Index 4* - the variable name this variable is next indexed across, if dimension > 3 
• Index 5* - the variable name this variable is next indexed across, if dimension > 4 

 
Several points are made to assist in interpreting the information provided.  The field 

“Dist. Type” shows the stochastic nature of current 3MRA database parameterization.  
Additional information is sometimes augmented to the description to indicate, for example, if 
certain chemical-specific issues apply.  Values of “constant” indicate only that the input is not 
explicitly stochastic; the values may still actually change from site to site.  Dist. Type lists the 
first incidence found in underlying queries performed; other types would be identified if # Dist. 
Types is > 1.  Of course, model outputs may all be stochastic, but are not classified and are not 
assigned values in terms of database source type (e.g., national, regional, site-based, or other).  
“Is Index?” = 1 indicates this variable is used as a dimensioned index for another variable (see 
Section 8.1.1).  For model outputs in Table 8-10, the following fields above were excluded from 
the analysis: National?; Regional?; Site?; Other?; Dist. Type; and # Dist. Types. 

 
Fixed-Index Field  
 
For the fields “TestAvg”, “TestMin”, “TestMax”, and “Fixed Index”, the data shown in 

Table 8-9 represents only partially complete information, determined from analysis of actual 
simulation data based on 447,335 successful model runs (i.e., those without solubility 
limitations) associated with 5 national realizations for all 43 chemicals currently in the 3MRA 
chemical properties database.  This metadata will, for example, be used by the analyst in 
constructing appropriate file extraction instruction sets used by the Site Summary Tool, 
discussed in Section 6.  The data shown in these four fields represents preliminary analysis of 
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most 0-dimension inputs (i.e., scalars) and 1st-order dimension inputs associated with chemical 
properties.  The higher dimension model inputs, and most model outputs were not evaluated in 
initial extraction tests thus far.  This preliminary analysis was designed to serve the planning 
efforts for SA extractions, and was conducted to establish the variant or invariant behavior of 
various model inputs across sites, sources, and chemicals. 

 
In “FixedIndex”, a positive non-zero entry indicates that the value for the subject model 

input does not change across model runs.  In this case, the value shown gives the maximum 
index value observed across all model runs (e.g., maximum “NumWBN”).  FixedIndex = 0 
indicates the model input is variant across model runs; -1 indicates no data is currently available, 
or that the input is currently inactive.  For model inputs, missing or blank cells in TestAvg, 
TestMin, TestMax, FixedIndex, Dist. Type, or # Dist. Types merely indicates the partially 
complete nature of this analysis. 

 
Internal Variables 
 
There are several “internal” index variables that are not explicitly represented in 3MRA 

Version 1.0 (e.g.,  NumLayer**).  These internal variables, in essence, represent hard-wired 
indexes in various modules, and are all denoted in Index 1 through Index 5 with a double 
asterisk.  These variables are not currently described in any dictionary file.  Due to the more 
robust nature of 3MRA Version 2.0 (Figure 1-1), the variables currently internalized within 
3MRA Version 1.0 will eventually all be represented within the 3MRA Version 2.0 dictionary 
system.  Examples of these internal variables are shown throughout Tables 8-9 and 8-10.  The 
indexing was expanded with these additional descriptions to provide a better handle on indexing 
needed to employ the Site Summary Tool for planned sensitivity analyses.  The additions show 
up in actual “Index #” fields shown in Tables 8-9 and 8-10.  These by-and-large-represent index 
string lists and “Num” type parameters.  Table 8-11 provides a short list of the “Num” type 
internal variables, and is only partially representative of all internal variables one could define.  
The leading numerical value in each description line of Table 8-11 gives the actual number of 
elements associated with the index for the current implementation of 3MRA Version 1.0. 

 
Summary of Input Variant and Invariant Model Inputs 
 
Out of 654 input variables checked via the extraction test or otherwise classified as not 

amenable to sensitivity analysis (e.g., header variables (63), no data in system (21) (i.e., inactive 
processes, etc.)), 337 were variant in the test and 233 were invariant, the latter representing either 
fixed index lengths (e.g., cohort descriptions), model domain parameters, or fixed values at 
national or site scale levels, the latter of which is in some cases tied to variant indexes.  Of the 
233 invariant inputs, all but 12 are derived from the constant distribution types in the national 
database.   Of the 12 derived from other data sources, 8 are derived from the chemical properties 
database.  The remaining 4 inputs are derived from the site-based database: SrcLocY=0 and 
SrcLocX=0, representing a relative spatial reference point to the center of the WMU location in 
the site layout dictionary (sl.ssf), and tilling depth zZ1WMU = 0.2 meters (la.ssf), and 
WBNRchBodyType (sl.ssf; a fixed length string array index).  Within the invariant set of 233 
inputs, a small handful would still be classified as variant for future experimentation, but did not 
express variation in this test. 
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Table 8-9a. SUI Header Input (SSF) Dictionary Summary 
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Table 8-9a. SUI Header Input (SSF) Dictionary Summary (Continued) 
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Table 8-9b. Site Layout Input (SSF) Dictionary Summary 
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Table 8-9b. Site Layout Input (SSF) Dictionary Summary (Continued) 
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Table 8-9b. Site Layout Input (SSF) Dictionary Summary (Continued) 
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Table 8-9b. Site Layout Input (SSF) Dictionary Summary (Continued) 
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Table 8-9b. Site Layout Input (SSF) Dictionary Summary (Continued) 
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Table 8-9c. Chemical Properties Input (SSF) Dictionary Summary 
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Table 8-9c. Chemical Properties Input (SSF) Dictionary Summary (Continued)
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Table 8-9c. Chemical Properties Input (SSF) Dictionary Summary (Continued) 
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Table 8-9c. Chemical Properties Input (SSF) Dictionary Summary (Continued) 
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Table 8-9c. Chemical Properties Input (SSF) Dictionary Summary (Continued) 
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Table 8-9d. Aerated Tank (AT) Input (SSF) Dictionary Summary 
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Table 8-9e. Land Application Unit (LAU) Input (SSF) Dictionary Summary 
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Table 8-9f. Landfill (LF) Input (SSF) Dictionary Summary 
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Table 8-9g. Surface Impoundment (SI) Input (SSF) Dictionary Summary 
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Table 8-9h. Waste Pile (WP) Input (SSF) Dictionary Summary
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Table 8-9i. Aquifer (Saturated Zone) Input (SSF) Dictionary Summary 

 
 
 
 
 

Table 8-9j. Vadose Zone Input (SSF) Dictionary Summary 
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Table 8-9k. Air Input (SSF) Dictionary Summary 
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Table 8-9l. Watershed Input (SSF) Dictionary Summary 
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Table 8-9m. Surface Water Input (SSF) Dictionary Summary 
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Table 8-9n. Aquatic Foodweb Input (SSF) Dictionary Summary 
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Table 8-9o. Farm Foodchain Input (SSF) Dictionary Summary 
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Table 8-9p. Terrestrial Foodweb Input (SSF) Dictionary Summary 
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Table 8-9q. Human Exposure Input (SSF) Dictionary Summary 
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Table 8-9q. Human Exposure Input (SSF) Dictionary Summary (Continued)  
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Table 8-9r. Human Risk Input (SSF) Dictionary Summary 

 
 
 
 
 
 

Table 8-9s. Ecological Exposure Input (SSF) Dictionary Summary 
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Table 8-9t. Ecological Risk Input (SSF) Dictionary Summary 

 
 
 
 
 
 
 
 

Table 8-10a. Site Layout Output (GRF) Dictionary Summary 
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Table 8-10b. Source Output (GRF) Dictionary Summary 
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Table 8-10c. Aquifer (Saturated Zone) Output (GRF) Dictionary Summary 

 
 
 
 

Table 8-10d. Vadose Zone Output (GRF) Dictionary Summary 
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Table 8-10e. Air Output (GRF) Dictionary Summary 
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Table 8-10f. Watershed Output (GRF) Dictionary Summary 

 
 

Table 8-10g. Surface Water Output (GRF) Dictionary Summary 
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Table 8-10h. Aquatic Foodweb Output (GRF) Dictionary Summary 
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Table 8-10i. Farm Foodchain Output (GRF) Dictionary Summary 
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Table 8-10j. Terrestrial Foodweb Output (GRF) Dictionary Summary 
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Table 8-10j. Terrestrial Foodweb Output (GRF) Dictionary Summary (Continued) 
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Table 8-10k. Human Exposure Output (GRF) Dictionary Summary 
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Table 8-10k. Human Exposure Output (GRF) Dictionary Summary (Continued) 
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Table 8-10k. Human Exposure Output (GRF) Dictionary Summary (Continued) 
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Table 8-10l. Human Risk Output (GRF) Dictionary Summary 



Section 8.0  3MRA Inputs, Outputs, and Dimensionality 
 

 
 8-52 

Table 8-10m. Ecological Exposure Output (GRF) Dictionary Summary 
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Table 8-10n. Ecological Risk Output (GRF) Dictionary Summary 
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Table 8-11. Partial List of Internal Variable Descriptions in 3MRA Version 1.0 
 

Internal Variable Index 
9 - NumPath** 
8 - NumChemMed** 
8 - NumAqHabType** 
5 - NumCohort** 
4 - NumScimByHr** 
4 - NumLayer** 
3 - WBNNumRchBodyType** 
3 - NumRchType** 
3 - NumPartEmitSrc** 
16 - NumAqBiotaType** 
13 - NumAllPath** 


