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Use of a Sensitivity Study to Identify Risk Assessment Modeling Data Gaps at the Idaho National 
Engineering Laboratory's Subsurface Disposal Area 

INTRODUCTION 

A common question in the CERCLA remedial investigation (RI) process is, "What are the data gaps that 
must be filled in order to perform a risk assessment for a given site?" Often a method that can be used to 
identify and rank data gaps is needed to help allocate scarce remedial investigation funds, and to help 
prepare for a CERCLA site's baseline risk assessment (BRA). 

A CERCLA Remedial Investigation / Feasibility Study (RI/FS) is underway at the Idaho National 
Engineering Laboratory's (INEL) Subsurface Disposal Area (SDA). The SDA is a radioactive waste 
disposal site where transuranic (TRU) waste, mixed waste (MW),and low-level waste (LLW) has been 
buried in pits, trenches, and soil vaults since 1952. The procedures described in this paper have been 
developed for the identification of risk assessment data gaps at the SDA. 

In preparation for the SDA RI/FS, three major investigations have been performed over the past two 
years. The first of these investigations identified all of the waste streams that were buried in the SDA from 
1952 through 1983 (EG&G, 1994). The second investigation identified all of the SDA waste streams that 
were buried from 1984 through the present, and made predictions of the waste volumes that will be buried 
through the year 2003 (LITCO, 1995). The third investigation was the Preliminary Scoping Risk 
Assessment (PSRA) for the SDA (EG&G, 1994). The PSRA was an initial evaluation of the human health 
risk associated with the SDA's buried waste, and it was developed with the intent of identifying risk 
assessment data gaps for the SDA. The following paragraphs give a brief description of the PSRA, and of 
the sensitivity study within the PSRA that was used to identify data gaps. 

THE PRELIMINARY SCOPING RISK ASSESSMENT FOR THE SDA 

The PSRA was developed as part of the scoping process for the SDA RI/FS. In the PSRA, all of the SDA 
waste that was buried from 1952 through 1983 was evaluated to determine an initial estimate of the human 
health risk associated with the waste. 

A total of 122 radioactive and 49 nonradioactive contaminants were included in the PSRA analysis. As a 
means of focusing the risk assessment on the contaminants that have the greatest potential for causing 
adverse human health effects at the site, a screening process was used to identify 18 radioactive and 12 
nonradioactive contaminants of potential concern (COPC) . This screening process evaluated upper bound 
estimates of disposed inventories and assumed the entire inventory of each contaminant was available for 
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transport by each exposure pathway. 

For the purposes of the PSRA analysis, the SDA buried waste was assumed to be homogeneously 
distributed in a single pit. The volume of this pit was assumed to be equal to the sum of the volumes of all 
the SDA pits, trenches, and soil vaults that were open between 1952 and 1983. As a result of this 
assumption, all of the soil volume between the SDA pits, trenches, and soil vaults was ignored in the 
analysis. 

The PSRA exposure scenarios included an evaluation of a 25-year industrial worker at the site and a 30- 
year on site resident. Industrial workers were assumed to be present during an institutional control period 
lasting for 100 years from the present, and residents were assumed to be present for the 900 years 
following institutional control. The receptor exposure routes included inhalation of fugitive dust and semi- 
volatile compounds, soil ingestion, food ingestion (including crop, meat and dairy product ingestion), 
groundwater ingestion, and external exposure from radioactive decay. 

The transport processes analyzed in the risk assessment included (a) corrosion, solubility-limited, and 
surface partitioning releases from the buried waste , (b) biointrusion, and subsequent transport of the waste 
to the surface of the SDA by plants and animals, (c) airborne transport of surface contamination, and (d) 
groundwater transport following precipitation and subsequent leaching of contaminants. The screening 
computer codes DUST, GWSCREEN, and DOSTOMAN were used to analyze these processes. 

COMPUTER CODES USED IN THE PSRA 

DUST (Sullivan, 1993) was used to simulate the release of COPCs from the SDA's buried waste 
inventory. DUST is a one-dimensional, finite difference model based on the advection-diffusion equation, 
and it has been used to simulate the release and transport of COPC's in disposal facilities. DUST can 
sirnulate release by surface partitioning (surface rinse), solubility limited release, corrosion (uniform 
release), and diffusion out of solidified waste. The results of the DUST modeling were used as an input to 
PSRA groundwater and biotic transport modeling. 

Transport of contaminants through the unsaturated and saturated zones beneath the SDA was modeled 
using the computer code GWSCREEN (Rood, 1994). GWSCREEN is a screening code that uses a plug 
flow model (steady state, one-dimensional flow) for contaminant transport through the unsaturated zone 
and a semi-analytical solution to the advection dispersion equation (Codell and Duguid, 1983) in the 
saturated zone. To be conservative, the GWSCREEN modeling assumed the unsaturated zone beneath the 
SDA is homogeneous and that groundwater flow through the unsaturated zone's fractured basalt is 
instantaneous. The flow assumption was made because preferential flow pathways through the fractured 
basalt are likely to cause the average groundwater transport time through the basalt to be very short in 
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comparison to the transport time through sedimentary interbeds that also lie beneath the SDA. 

The transport of contaminants to the surface environment as a result of animal burrowing and plant uptake 
was modeled using the computer code DOSTOMAN (Root, 1981). DOSTOMAN uses a 
compartmentalized modeling approach proposed by Shuman et al. (1985). The code mathematically 
simulates movement of contaminants from a subsurface "source" compartment to overlying "sink" 
compartments by means of solving a system of differential equations at specified time steps. The details of 
the mathematical approach for determination of a solution are given in Root (1981). 

Estimates of contaminant air concentrations resulting from contamination transported to the surface were 
made through the calculation of a particulate emission factor (PEF). The PEF is an estimation of the 
respirable particulate emissions from wind erosion of surface soils with an unlimited reservoir of erodible 
material (Cowherd et al. 1985). Details of the PEF calculation method are provided in the INEL Track-2 
guidance manual (DOE, 1994). 

Risk and hazard quotient results were computed for each COPC using the results of the pathway fate and 
transport modeling. The methodology used to compute the risk and hazard quotients (HQ) was in 
accordance with the EPA's Risk Assessment Guidance for Superfund (EPA, 1989). 

IDENTIFYING DATA GAPS IN THE PSRA 

The models used in the PSRA required values for several dozen parameters to be assigned in the model 
input files. An attempt was made to assign conservative values for all of these input parameters so that the 
model results would also be conservative. Unfortunately, the amount of information available for many of 
the input parameters was not detailed enough to determine exactly how conservative the values used in the 
input files were. Most parameters only had enough information available to determine a likely range of 
possible values, and a single conservative value within th is  range that could be used for risk assessment 
purposes. This same situation occurs for most INEL risk assessments, and it is an important source of 
uncertainty for risk assessments that rely heavily on modeled results. The obvious question that arises from 
the situation is, "Which of the parameters affect the risk assessment results enough to justify collection of 
more detailed information?". The PSRA sensitivity study was designed to answer this question. 

Design of the PSRA Sensitivity Study 

The PSRA sensitivity study evaluated the affects that changes in sixteen modeling input parameters 
produced in the PSRA risk and hazard quotient results. The sixteen parameters evaluated in the study were 
selected based on a professional judgement evaluation of all the input parameters used in the four PSRA 
codes. All of the parameters selected were fate and transport modeling parameters. Parameters associated 
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with exposure (e.g., exposure duration and exposure frequency), intake (e.g., intake rate), and toxicity 
(e.g., slope factor) were not selected, because these parameters generally have EPA standard default 
values. 

The sensitivity study was performed by systematically evaluating the consequences of changing each 
selected input parameter. One at a time, the base case values assigned to the sixteen input parameters were 
altered, and the resulting changes in risk for four radionuclide COPCs (Am-241, C-14,I-129, and Sr-90) 
were recorded. The four test radionuclides were selected because, as a group, they were representative of 
all the PSRA base case risk drivers. For instance, Am-241 was selected because it had base case risks for 
both the biotic and groundwater pathways of greater than 1E-06, C-14 and 1-129 were selected because 
they had the highest base case risks for the groundwater ingestion pathway, and Sr-90 was selected because 
it had the highest base case risk for the biotic pathway. Additionally, C-14 was representative of 
radionuclides with moderately long half lives, 1-129 was representative of radionuclides with very long half 
lives, and Sr-90 was representative of radionuclides with short half-lives. No nonradiological contaminants 
were selected for the sensitivity study because no nonradiological COPCs had base case risks in excess of 
1 E-06. 

To determine how much of a change in risk output was caused by a given change in each input parameter, 
additional modeling runs were performed for each of the test COPCs. In most of the modeling runs, one 
of the input parameters was changed by 10%. A change of only 10% was used because the modeling 
response was assumed to be linear to small changes in input parameters. The PSRA used screening models 
to estimate media concentrations. Screening models generally produce linear responses, so this assumption 
was considered appropriate for the PSRA. 

Modeling runs that involved changes in the overburden thickness parameter were the only exception to the 
10% change rule. In these runs, overburden thickness was changed by 16.7% so that the minimum 
overburden thickness at the SDA could be analyzed. 

Results of the Sensitivity Study 

Table 1 shows the results of the sensitivity study analysis for C-14. In this table, the percentage change in 
each input parameter and the resulting change in output risk are shown in the third and fourth columns. 
The sensitivity ( S )  to each parameter was defied as the nondbnensionalized ratio of the output change to 
the input change. This value is shown numerically in the fifth column of Table 1 and the combined 
sensitivity from all of the test COPCs is shown graphically in Figure 1. 

The final column of Table 1 shows the scaled sensitivity (S , )  for each input parameter. The scaled 
sensitivity result was developed as the primary method for identifying data gaps from the PSRA sensitivity 
study. 
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In order to rank the importance of the sixteen input parameters, the interaction of several variables had to 
be considered. The first of these variables was the change in risk from a given change in an input 
parameter, the second was the range of uncertainty associated with an input and the third was the base case 
risk for each test COPC. To illustrate this need, consider a parameter that produces a large change in 
modeling results from a small change in the parameter input (Le., a parameter to which the modeling 
results are very sensitive). If this parameter has a small range of possible values, the range of possible 
risk results due to changes in the parameter will be small. Additionally, if only a few contaminants are 
sensitive to the parameter and the base case risks for these contaminants are very low, the odds that an 
unacceptable risk will be produced by changes in the parameter's value are small. Using the equation for 
scaled sensitivity shown in Table 1, a large value of scaled sensitivity indicates that the PSRA models were 
sensitive to a given parameter, that the parameter had a relatively large range of uncertainty and that the 
parameter affected the results of COPCs with large base case risks. 

The scaled sensitivity calculation is an extension of the Gaussian approximation (or first order 
approximation) for assessing sensitivity and uncertainty (Morgan, 1990). The extension of the 
approximation was necessary for the PSRA because the Gaussian approximation only deals with the first 
two terms in the scaled sensitivity and does not account for the base case risk. Including the base case risk 
was important in the PSRA because of the range in risk values for the various pathways and contaminants 
to be addressed in the SDA RI/FS. 

The scaled sensitivity parameter has the advantages of being easy to compute, requiring a minimal number 
of simulations to develop, and of being able to directly account for both the sensitivity and uncertainty of a 
given modeling input parameter. The disadvantage of the scaled sensitivity is that it assumes that the 
modeling response for each input parameter is linear over the range of input. The PSRA used linearized 
screening models, so this assumption is not a severe limitation on the PSRA sensitivity study results. In the 
PSRA, the absolute value of the scaled sensitivity was not important, but the relative ranking of the scaled 
sensitivity results is useful for determining how to spend the limited resources available during the RI/FS 
process. 

The combined scaled sensitivities from all of the test COPCs are shown graphically in Figure 2. This 
figure does not show a scaled sensitivity for all of the sixteen input parameters that were evaluated in the 
sensitivity study, because scaled sensitivities were not calculated for parameters that do not have an 
associated range. Source length, source area, longitudinal dispersivity, transverse dispersivity, animal 
density, plant productivity, plant uptake and respirable fraction are missing from the figure. These 
parameters were evaluated qualitatively to determine if they should be identified as data gaps for the 
purposes of the SDA RI/FS. 

As shown in Figure 2, the input parameters with the largest scaled sensitivity were release rate and aquifer 
porosity. Source inventory, well screen thickness, infiltration rate and soil to water partition coefficient 
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had lower scaled sensitivities, and depth to groundwater and overburden thickness had the lowest scaled 
sensitivities. Additional data can be collected on each of these parameters so they were all considered to be 
data gaps. 

The following bullets list, in no specific order of importance, the data gaps identified by the PSRA's 
sensitivity study. These data gaps show a bias toward parameters associated with the groundwater pathway, 
because the groundwater pathway produced the highest base case risks in the PSRA. 

0 

0 Waste overburden thickness 
0 Time dependent infiltration rates 
0 

0 

Site specific contaminant release rates from buried waste forms 

Site specific soil to water partition coefficients 
Effective porosity of the unsaturated and saturated zones 

Further investigations related to each of these parameters are being evaluated in preparation for the SDA 
RI/FS . 

Three parameters shown in Figure 2 were not included in the list of data gaps. These parameters are 
source inventory, well screen thickness, and depth to groundwater. Source inventory was not included 
because the best possible inventory information for the SDA has already been gathered. There is still 
uncertainty associated with this inventory, but available information will not allow for reduction in 
inventory uncertainty. Well screen thickness was not included as a data gap because information about how 
wells will be constructed in the future is not available. Finally, depth to groundwater was not included 
because this depth is affected by fracturing in the basalts that lie beneath the SDA, and the effects of basalt 
fracturing were included as professional judgement data gaps. 

The following professional judgement data gaps were identified qualitatively. These data gaps do not 
correspond to individual modeling parameters, so they could not be identified through the use of the scaled 
sensitivity analysis. Further investigations related to these data gaps are also being evaluated. 

0 

0 

0 

0 

0 

Effects of fracture flow on groundwater transport 
Site specific biotic transport parameters 
Identification of probable future land use scenarios 
Identification of uncertainties associated with the toxicity assessment for all contaminants of 
concern 
Groundwater contaminant concentrations beneath the SDA that have been produced by 
contaminant releases at other sites. 
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Table 1. 

Case Parameter % Change in % Change in Sensitivitya Scaled Sensitivitya 

Results of the PSRA sensitivity study for C-14. 

Input" output" 

( S, - E x R x 0 ) A 0  - x 100% (7) AI - Y 1Wh 
I A I  s .  - 0 

1 

2 

3 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Source Inventory 

Release Rate 

Infiltration Rate 

Source Length 

Source Area 

Depth to 

Well Screen 

Longitudinal 

Transverse 

Aquifer Porosity 

Overburden 
Thickness 

Animal Population 

Plant Productivity 

Plant Uptake 

Respirable Fraction 

Partition Coefficient 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

16.7 

10.0 

1.3 

8.5 

10.7 

-4.4 

-0.4 

-9.1 

0.2 

0.0 

-9.1 

200.0 

1 .o 
1.1 

0.9 

1.1 

0.4 

0.0 

0.9 

0.0 

0.0 

0.9 

12.0 

10.0 

10.0 

10.0 

10.0 

10.0 

0.1 

10.0 

20.9 

0.0 

-0.4 

0.1 

1 .o 
2.1 

0.0 

0.0 

2E-03 

2E-07 

1E-03 

N A ~  

N A ~  

9E-05 

2E-03 

N A ~  

N A ~  

3E-03 

3E-07 

NAh 

N A ~  

NAb 

N A ~  

1E-04 

a. A I  - - Change in input parameter value 
A 0  = Change in risk output 
I - - Base case parameter value 

Base case risk for C-14 0 - 
R - - Input parameter range. 
Not applicable because there was no range associated with this value. The value used in the base case 
analysis was considered to be the most realistic value for the parameter. 

- 

b. 
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