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One of the first government-sponsored demands for integrated assessment to support decision 
making in the United States is embodied in the National Environmental Policy Act of 1969 (NEPA). 
Over the past 25 years, Oak Ridge National Laboratory (ORNL) has supported federal agencies’ in 
evaluating health and environmental impacts as required by NEPA. Many of ORNL’s efforts have 
focused on complex, programmatic assessments that break new ground and require and integrate 
expertise from a wide range of technical disciplines. Examples of ORNL projects that illustrate the 
use of integrated assessment approaches include environmental documentation for: (1) the 
Department of the Army’s Chemical Stockpile Disposal Program, (2) the Federal Energy Regulatory 
Commission’s licensing activities related to the Owens River Basin in eastern California and along a 
500-mile reach of the upper Ohio River, and (3) the Nuclear Regulatory Commission’s decision 
regarding restart of the undamaged reactor (Unit 1) at Three Mile Island. Our discussion of these 
examples illustrates successful integrated assessment approaches and identifies new challenges facing 
integrated assessment activities. 

Introduction 

With passage of the National Environmental Policy Act of 1969 (NEPA), the U.S. govern- 

ment embarked on the development of an integrated assessment paradigm by requiring federal 

government agencies to assess the impacts of their actions on the human environment in light of 

multiple objectives. In the early 1970’s, the Department of Energy’s national laboratories became 

involved with preparing NEPA documentation shortly after the Calverts Cliff decision that required 

independent, third party preparation of environmental impact statements (EISs). Oak Ridge National 

Laboratory (ORNL), along with Argonne and the Pacific Northwest laboratories, were tasked by the 

Atomic Energy Commission to help prepare EISs on construction of nuclear power plants through- 

out the country. These projects presented research staff at the laboratories with significant challenges 

in developing integrated assessments useful to decision makers within well defined time frames. 

Over the past 25 years, ORNL has continued to support federal agencies in evaluating 

environmental impacts in compliance with NEPA. Many of our efforts have focused on complex, 

programmatic assessments that break new ground and require expertise from a wide range of techni- 



cal disciplines. Building on the evolution of NEPA implementation as a response to increasing 

demands by publics, stakeholders, and decision makers to consider and assess the impacts of federal 

actions in terms of multiple objectives, we describe in this paper several examples of ORNL projects 

that illustrate the use of integrated assessment approaches either directly related to NEPA compliance 

or to closely related projects. Our discussion illustrates successful integrated assessment approaches 

and identifies new challenges facing integrated assessment activities. 

Chemical Stockpile Disposal Program NEPA Support 

O W  began its NEPA support for the Department of the Army's Chemical Stockpile 

Disposal Program in 1984, shortly before Congress directed the Department of Defense to destroy 

the stockpile of lethal unitary chemical weapons. ORNL's involvement with this p r o g m  has included 

preparation of the Draft Programmatic EIS (U.S. Army 1986) and the Final Programmatic EIS (U.S. 

Army 1988), ongoing preparation of site-specific EISs, and ongoing technical support in the devel- 

opment of an integrated emergency preparedness capability surrounding each of the eight stockpile 

locations in the continental United States (located in Maryland, Kentucky, Alabama, Indiana, 

Arkansas, Colorado, Utah, and Oregon). ORNL also supported development of the environmental 

assessment associated with movement of the U.S. stockpile located in Germany to Johnston Atoll 

(U.S. Army 1990). The following discussion focuses on the integrated assessment approach used in 

the Final Programmatic EIS (Cames 1989). This approach continues to be used in our ongoing 

site-specific assessments. 

Alternatives considered in the Final Programmatic EIS included: (1) continued storage (the 

no-action alternative), (2) on-site disposal (disposal at each of the eight CONUS storage sites), (3) 

regional disposal at two of the CONUS storage sites, (4) national disposal at one of the CONUS 

storage sites, and (5) partial relocation/on-site disposal (i.e., relocation of the inventories stored at two 

of the eight CONUS storage sites with on-sire disposal at the remaining storage sites). For each 
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disposal alternative, disposal was defined as reverse assembly of the munition or storage container and 

incineration of all chemical agent or contaminated solids in functionally specialized incinerators. 

In response to serious concerns expressed by some members of the publics, the Final 

Programmatic EIS focused on the human health risks of alternative disposal strategies, with secondary 

attention to the environmental risks. In addition to comparing the health and environmental impacts 

resulting from routine operations (which were found to be relatively minor and could not be used to 

distinguish the impacts of the different alternative), the analyses used a probabilistic risk assessment 

(PRA) of the disposal and no-action (continued storage) alternatives to compare the alternatives in 

terms of health and environmental risks associated with the full suite of accident scenarios identified 

in the PRA. The source terms resulting from both routine operations and the accidental releases 

identified in the PRA were used as inputs to environmental pathway models to estimate impacts. 

Although the assessment included an aquatic transport model to estimate impacts on surface 

waters, the inhalation hazard of chemical agents dictated that the bulk of the analysis rely on an 

atmospheric dispersion model to identify areas at risk. This model, D2PC (Whitacre, Griner, Myirski, 

and Sloop 1987), assumes a Gaussian distribution of agent in the vertical and cross-wind directions as 

agent is dispersed downwind and uses agent source strength, release modes (e.g., semicontinuous, 

instantaneous, and evaporative), and alternative atmospheric or meteorological conditions to estimate 

the plume parameters for different concentrations of the toxic agent. A computer-based method that 

integrates demographic, atmospheric, and dose information was then used to estimate the population 

at risk and fatalities resulting from an accidental release of agent (Hillsman and Coleman 1989). 

The selection of an environmentally preferred alternative in the Final Programmatic EIS was 

based on a multi-objective decision methodology developed at ORNL and reviewed by expert 

consultants (Carnes 1989a) (see Fig. 1). This method, driven largely by the structure of the PRA and 

High temperature incinceration was selected as the disposal technology by the Army based on its extensive testing 
and experience at Rocky Mountain Arsenal in Denver, Colorado, and at the Chemical Agent Munitions Destruction 
System facility at Tooele Army Depot in Utah, and a recommendation of the National Research Council. 
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Fig. 1. Methodology for selecting the environmentally preferred alternative in the Final 
Programmatic EIS for the Chemical Stockpile Disposal Program 
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estimates of areas and populations at risk, compared alternatives on the basis of human health effects 

and ecosystem effects with respect to both routine operations and accident scenarios, and the potential 

effectiveness of emergency planning and preparedness. Four human health risk estimates (i.e., prob- 

ability of one or more fatalities, maximum number of fatalities, expected fatalities, and person-years 

at risk) and one ecological risk estimate (i.e., expected plume area) were calculated for the program- 

matic alternatives for the nation as a whole as well as for the diverse impact regions (Le., those in 

proximity to the eight storage and proposed disposal locations as well as along cross-country trans- 

port comdors). The results of this analysis at the programmatic or national level are presented in 

Table 1. 

Table 1. Comparison of risk for programmatic alternatives for all locations (normalized valuesa). 

AlteInatiVeS 
Probability of Maximum Expected Person Expected 

fatalities at risk oun2) 
one or more fatalities fatalities Y- plume area 

Continued 
storage 

On-site 
disposal 

Regional 
disposal 

National 
disposal 

Partial 
relocation 

2.4 10-3 
(7.5) 

(1.0) 

1.8 x 10-3 
(5.6) 

3.2 x lo4 

3.4 x 103 
(10.6) 

3.7 x 10-3 
(11.6) 

8.9 x 104 
(16.5) 

5.4 x Id 
(1.0) 

4.2 x 104 
(7.8) 

4.2 x 104 
(7.8) 

2.3 x 104 
(4.3) 

4.5 x lo-' 

9.4 x 10-4 
(1.0) 

(478.7) 
1.4 x lo8 
(60.9) 

(1.0) 
2.3 x lo6 

4.4 x 10-2 
(95.7) 

4.6 x lo4 
( 1 .O) 

9.5 10-3 
(10.0) 

3.0 x 
(31.9) 

2.5 x 
(26.6) 

5.5 x 106 
(2.4) 

5.4 x 106 
(2.3) 

3.1 x lo6 
(1.3) 

2.0 103 
(4.3) 

6.6 x 
(14.3) 

a Normalized values obtained by dividing the smallest value found for each risk measure into the other values for the 
other alternatives; on any given risk measure, the best alternative has a value of one, and the others are expressed in 
multiples of one. 

Since the size of the total inventory, as well as those at the individual storage sites, is classified 

for national security reasons, results for individual sites and impact regions had to be portrayed in a 

manner would not divulge or enable the derivation of classified information. The pictogram 
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approach shown in Fig. 2, which provides a graphical representation of the numerical information in 

Table 1, was developed to communicate differences in impacts among the alternatives for each of the 

areas potentially impacted by the program. These estimates, along with decision rules regarding 

uncertainty in the analyses, allowed decision makers and the public to compare alternatives in terms 

of maximum as well as probability-weighted values. 

Federal Energy Regulatory Commission NEPA Support 

ORNL has provided NEPA support to the Federal Energy Regulatory Commission (FERC) 

since the early 1980s. Much of our work has involved assessing the cumulative effects of multiple 

hydropower development in river basins. We discuss two projects to illustrate different integrated 

assessment approaches that have proven useful to decision makers. 

The licensing of seven small hydroelectric projects proposed for the Owens River Basin in 

eastern California was evaluated in an EIS published in 1986 (FERC 1986). The seven projects were 

to be located on small tributaries of the Owens River in Mono and Inyo counties. “he Owens Valley 

is an arid region that is fed by mountain streams from the eastern slope of the Sierra Nevada to the 

west and the White mountains to the east. The water resources of the area have been extensively 

developed to provide water for southern California, as well as to provide electricity generation and 

irrigation water. This development has resulted in major impacts to streams and stream-dependent 

resources in the region. 

To develop a useful impact assessment for the EIS, an analysis was needed that integrated 

impacts of multiple projects on important sensitive resources and evaluated impacts from the 

proposed projects in the context of impacts resulting from other development activities (Le., past, 

present, and the foreseeable future). Our approach for the Owens River Basin assessment involved 

using public, government agency, and environmental group input from the EIS scoping process to 

identify “target” resources that were of most concern. Once these target resources were identified, 

the assessment focused on (1) defining attributes for each resource that could be affected by the 
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Fig. 2. Comparison of risk for programmatic alternatives for all locations. 
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proposed projects, (2) quantifying potential impacts to the extent possible, (3) assigning value ratings 

to potential impacts, and (4) displaying the impacts in a matrix format to give decision makers and 

the public a clear understanding of the comparative impacts of each project and the cumulative 

impacts of developing all seven projects. 

The target resources identified for analysis were resident trout, riparian vegetation, riparian- 

associated wildlife, aesthetics, recreation, and local economy. Assessment of non-target resources 

(e.g., geology, land use, cultural resources) was also evaluated, but the results were not included in the 

matrix analysis. The impacts on target resources were quantified to the extent feasible using available 

information on the resources and baseline conditions. Once this step was completed, the FERC staff, 

with input from developers, the public, and agencies, assigned a rank from 1 to 10 (minimal to severe 

impacts) to the effects, with a definition given for each rank. The ranking scale was designed so that a 

value of 6 or greater was judged to be an unacceptable impact to any target resource. The results of 

this preliminary assessment were presented at a workshop of local resource managers to obtain input 

on the approach, the assessment, and the values being used. Mitigation was proposed that would lower 

the ranking, whenever possible, to a value of 5 or less. Table 2 shows the results of the analysis. and 

provides rankings with and without proposed mitigation. 

The use of the ranking approach and matrix display proved to be useful in integrating the 

results of the analysis (McLean, Evans, et af. 1986). The rankings highlight differences among 

projects and provides the decision maker with a clear picture of where impacts are likely to occur and 

an index of the magnitude of the impact. The primary value of the matrix is as a display and 

communication tool. The defensibility of each rank number resides not in the individual numbers in 

the matrix, but in the underlying analysis that is presented in the EIS. Cumulative effects for the 

projects were displayed as the additive ranking values for each resource across the seven proposed 

projects. These sums provided an index of the combined effects of developing all seven projects and 

also provided a means of assessing the effectiveness of proposed mitigation measures in reducing 

adverse impacts (Table 2). 
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Table 2. Relative ranks for target resources in the Owens River environmental assessment. 

name trout vegei 

w/o1 with2 w/o 

Pine Creek 5 3 9 

HortonCreek 10 5 6 

Horsetail 9 5 9 

Aspen Park 8 3 9 

Rancho Riata 7 5 3 

Big Pine 10 5 5 
CreekNo. 2 

Tinemahaand 
RedMm. Ck. I 10 I 5 I 3 

Cumulative 
effects 

1 Without proposed mitigation 
2 With proposed mitigation 

A different approach to integrating environmental impacts was used in a second study for 

FERC that involved licensing actions for 24 proposed hydropower projects at 19 existing dams along 

a 500-mile reach of the upper Ohio River. We evaluated both cumulative and site-specific impacts 

that would occur to target and other environmental resources. Target resources that were identified 

during the scoping process included water quality, fisheries, recreation, wetlands, and river navigation. 

Four alternatives were analyzed that included different ways of developing the hydropower resources, 

ranging from production of all the proposed power with little environmental protection to producing. 

82% of the proposed power while causing no major environmental impacts. 
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Our approach for this study centered around assessment of interactions among sites and 

cumulative impacts. We determined that the major environmental change that would occur as a result 

of installing hydropower at these dams would be redirecting water through the turbines rather than 

allowing it to spill over the dams. The proposed projects would therefore reduce dissolved oxygen 

(DO) concentrations below the dams by reducing aeration that occurs when water spilled over the 

dam or through the gates. The amount of DO provided ,by the existing dams was quantified using 

field data collected above and below each dam in the study area. A water quality model was devel- 

oped to estimate changes in DO concentrations associated with hydropower development at each of 

the 19 sites. The reduced spillage and altered tailwater flow would initiate a chain of impacts by 

diverting water through the turbines and subsequently impacting water quality, aquatic biota, and 

fishery resources. 

The analysis found that development of the projects as proposed by the applicants would 

significantly lower the DO concentrations below the sites and would reduce the growth of many fish 

species in these areas. Reductions in good fish habitat would adversely affect recreational fishing and 

possibly wetlands. Cumulative impacts from other activities in the basin were evaluated by including 

in the DO model the biological oxygen demand (BOD) from major industrial and municipal 

wastewater treatment plants, as well as BOD loads that simulate non-point sources of BOD such as 

runoff, sediment oxygen demand, and decaying algae. The model was calibrated against an existing 

data set, and impacts were evaluated for several sets of conditions. 

Alternatives to the proposed action involved mitigation of the decline in DO concentrations 

by modifying operations at the proposed projects during certain flow regimes to maintain spill flows 

that would allow attainment of water quality standards and/or minimization of potential impacts to 

fisheries. Alternatives also considered not licensing certain projects that had the greatest potential for 

causing adverse impacts. Figure 3 shows the results of the analysis for the four alternatives. 

The Ohio River assessment is a good example of a study where initial scoping of the problem 

allows a critical variable to be defined that serves as a driver for the assessment of other impacts and 
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allows integration of the impact analysis for closely related resources. Identifying DO as the major 

variable that was affected by altering the path of river flow at navigation dams provided a means for 

predicting changes to other resources that were dependent on changes in DO. Being able to model 

the effects of multiple projects on DO also provided a means for determining the interrelationships 

among projects. Such an approach is not always possible and can be overly simplistic, but when 

possible, it serves to integrate a number of impact drivers and provides a framework for understand- 

ing the interactions among various resources. 

Three Mile Island Assessment 

Integrating knowledge and understanding across the entire environmental domain (Le., 

physical, life, and social scientific expertise) is the ideal. It is often the case, however, that knowledge 

and understanding within a single element of the environmental domain is sufficiently problematic 

that intra-disciplinary integration (i.e., across the physical sciences, the life sciences, or the social 

sciences) is needed before a more holistic interdisciplinary integration can occur. 

In response to a decision by the U.S. Court of Appeals for the District of Columbia in 1982 

requiring an assessment, under the purview of NEPA, of the psychological and community well-being 

impacts of restarting the undamaged reactor (Unit 1) at Three Mile Island (TMI) , the Nuclear 

Regulatory Commission (NRC) engaged support from ORNL to prepare such an assessment 

(Sorensen, Soderstrom, et al. 1983; Sorensen, Soderstrom, et al. 1987). Building on the extensive 

literature on human and organizational response to natural and technological hazards and disasters, 

this assessment integrated views, concepts, and theories from several social science disciplines. As out- 

lined in Fig. 4, the assessment utilized an analytical, cause and effect, framework based on prior 

investigations into how people and groups perceive and adjust to hazards in the course of their 

normal lives (e.g., see Burton, Kates, and White 1978), how individuals and societies respond to the 

threat of impending disasters and warnings (e.g., see Perry, Lindell, and Greene 1981), and individual 

and organizational behavior in and about specific disasters (e.g., see Drabek and Key 1984). 
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Fig. 4. A causal model of TMI-restart psychological and community well-being impacts. 
(from Sorensen, Soderslmm, Copenhaver, Cames, and Bolin 1987, p. 33). 



Using multiple research methods and approaches (including an extensive literature review, 

focus group meetings with proponents and opponents of restart, a review of analogous situations, and 

community and functional social group profiling), this assessment examined individual psychological 

impacts, manifestations of stress, and group-level and community-level impacts. Table 3 summarizes 

the major types of impacts revealed by the various approaches. 

’ Table 3. TMI-restart psychological and community-well being impacts, by method. 

MethdApproac h 
~ ~~ 

Impact category Focus groups Profiling Reviews 

Individual 
psychological 
impacts 

Manifestations of stress 

Grouplevel impacts 

Fear; anxiety; 
hopelessness 

Disease; sleeplessness; 
lethargy: loss of job 

SociaI stigma; loss of 
home; conflict; protest: 
neighborhood loss; 
harrassment; prosperity 

Distrust; fear of health 
effects; anxiety; worry 

Concern; some anxiety 

Long-term health 
problems 

Protest; violence: 
hostility 

Minor somatic effects 

Inter-pup conflict; loss 
of family cohesion 

No measurable impacts Community impacts Higher taxes; Higher taxes; 
outmigration: property outmigration; property 
values decline; loss of 
well-being; economic development; lower taxes; 
growth; stable taxes; 
lower utility bills 

values decline; increased 

property values increase; 
lower utility bills 

(adapted from Sorensen, Soderstrom, Copenhaver, Carnes, and Bolin 1987, p. 151) 

By comparing the empirically derived impacts identified in the focus-group discussions and 

the profiling with those from reviews of analogous ‘situations, it was possible to establish some general 

levels of confidence in the validity of various impact types. Moreover, the assessment identified a 

number of intervening contextual and perceptual factors that might shape the magnitude of restart 

impacts: (1) level of openness in decision making; (2) types and levels of information people receive 

about restart; (3) operating experience after restart occurs; and (4) the extent to which efforts are 
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made to mitigate impacts. In assessing the distribution of impacts among populations in the vicinity 

of TMI, we found differential vulnerability to restart impacts among the functional social groupings 

in the TMI area and increased vulnerability for families in the early stages of their life cycles and for 

persons closest to the facility. 

Although we believe that this assessment of the psychological and social impacts of restart 

constitutes an important effort to integrate social scientific understanding of the problem, we also 

believe that integrating the results of this integrated social scientific analysis with the other relevant 

domains (Le., with the life and physical sciences) is the approach that should be taken when assessing 

hazardous technologies. This is particularly the case given the Supreme Court's reading of NEPA- 

that social (and psychological) impacts are cognizable under NEPA if and only if they are related to 

changes in the biophysical environment. 

New Challenges for Integrated Assessment in NEPA 

Although new challenges facing NEPA assessment derive from a variety of public, stake- 

holder, and decision-maker concerns, in the final'analysis we need to do a better job of relating the 

cause and effect relationships in the natural and human environments and of integrating our 

knowledge and understanding. This requirement necessarily involves a better understanding of natu- 

ral and human systems and their linkages. In particular, and as demonstrated from the examples 

discussed above and in other ORNL health and environmental assessments, we see three fundamental 

challenges in the context of integrated assessment for NEPA analyses - assessing the distributional 

effects of federal actions and whether the distribution is equitable across the demographic landscape 

(e.g., environmental justice), accounting for impacts of the full life cycle of federal actions, and 

identifying the appropriate spatial and temporal scales for assessment and satisfying the data and 

analytical needs associated with those scales in our integrated impact assessments. 

It is no longer sufficient, since promulgation of Executive Order 12898 (Clinton 1994), to 

project impacts to undifferentiated human populations. With the executive order and the environ- 
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mental justice movement that preceded and now accompanies it, we must now be able to project 

impacts to minority and low-income populations within regions of impact for federal actions that 

trigger NEPA assessments (Vogt, Sorensen, and Hardee 1995, Carnes and Wolfe 1995). Equally 

important, our assessments of the potential for environmental justice impacts must develop or use 

methodologies that are responsive to the concerns and perceptions of those populations; the executive 

order suggests that this latter objective is to be achieved by involving potentially affected minority 

and low-income populations in the development of impact assessment research designs, methodology 

development, and data collection and analysis. 

Although the research community has some experience with considering the full life cycle of 

problem or policy domains (e.g., the nuclear fuel cycle), and the environmental assessment commu- 

nity also has some relevant experience (e.g., cumulative impact assessments, programmatic and 

generic assessments), it is frequently the case that the full life cycle of proposed federal actions is not 

adequately considered in NEPA documents. The challenge is to evaluate the full life cycle in a 

meaningful way when information is limited, inadequate, and/or unavailable. Addressing the full life 

cycle is increasingly important for decision makers, but needs to be done using bounding analyses 

(Saylor and McCold 1994) and recognizing the uncertainties associated with those parts of the life 

cycle that lack clear definition. 

Finally, environmental professionals and other scientists increasingly face challenges of iden- 

tifying and assessing issues at appropriate spatial and temporal scales. In terms of spatial analyses, we 

deal with problems ranging from site- and regional-specific issues of ecosystem management to 

issues of national energy policy and global climate change; in terms of temporal scales, we are asked 

to predict immediate fatalities resulting from acute exposures to toxic materials, latent morbidities 

resulting from chronic exposures to toxic materials, and health and environmental threats to future 

generations resulting from loss of containment of toxic materials hundreds or thousands of years into 

the future. These different kinds of problems clearly call for different levels of spatial and temporal 

resolution. 
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These and other challenges lead us to believe that approaches that are strictly bottom-up or 

top-down are either misrepresentations of reality or of limited relevance to decision makers. Use of 

advanced computer techniques, geographical information systems, remote-sensing data, and data 

from regional, national, and international data bases to address these and other issues becomes an ever 

more important aspect of providing decision makers with appropriate data, information, and analyses 

in time frames relevant for decision making (i.e., before all uncertainties can be identified, much less 

quantified). Knowing and understanding the linkages between the natural and human environments 

across space and time, and being able to demonstrate those linkages effectively and efficiently to 

decision makers and the publics, are fundamental challenges for all scientists. 
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