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PREFACE 

In December 1991, a draft of the Fuel Cycle Assessment Guide was developed for the 
U.S. Department of Energy (DOE), Assistant Secretary for Energy Efficiency and Renewable 
Energy (EERE), Office of Utility Technologies (OUT), Integrated Resource Planning (IRP) 
Program. The objective of that report was to account for the potential impacts (costs and/or 
benefits) along the fuel cycle of energy technologies. It was designed to be a first step in 

• Identifying the potentially broad scope of a fuel cycle analysis 
• Developing a method for establishing research parameters around regionally 

appropriate fuel cycle analysis. 

The draft guide provided an extensive array of potential environmental, social, economic, and 
technological impacts across all stages of the energy technology fuel cycle. 

Early in 1992, the Maryland Public Service Commission (MD PSC) and Maryland Energy 
Administration (MEA) requested to have the drM't guide implemented on a test case basis in the 
state of Maryland. They selected four energy t,tchnology case examples: 

• Combined cycle gas turbine system 
• Pulverized coal boiler 
• Energy efficient lighting retrofit 
• Demonstration of photovoltaics at an aquaculture center. 

An initial working group was 
assembled. It was comprised of represen
tatives from key Maryland agencies, utilities, 
and industry representatives for each of the 
four case example energy technologies. In 
addition, National Renewable Energy 
Laboratory staff members and representatives 
from the Maryland Department of Natural 
Resources also participated. 

The objective of the project was to 
design a framework for initiating regionally appropriate fuel cycle analysis and incorporating the 
results into IRP or other energy-related planning. The individuals in this working group provided 
input to establish parameters around the analysis -- identifying those stages and impacts that were 
thought to be relevant and important to research. Briefly, the approach has been to 

1. Scope out a wide range of environmental and non-environmental impacts (as 
shown in the draft guide). 

2. Assemble IRP practitioners from state, utility, and industry organizations to 
identify the key stages and impacts of the fuel cycle -- effectively setting 
parameters around the analysis. 
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3. Conduct research to identify data resources for quantitatively or qualitatively 
measuring selected impacts. 

4. Identify data gaps and research needs. 

5. Revise the guide. 

6. Finalize the guide. 

The results of the research to 
characterize the four technology fuel cycles 
and identify data resources and gaps were 
provided in an Aarlier report, Evaluation of 
the Fuel Cycle Assessment Guide for Framing 
a Fuel Cycle Analysis. Based on that 
research and on practitioner inputs, pre
liminary revisions were made to the guide. 
These were presented in a second meeting 
where the IRP practitioners from the initial 
working group were reassembled. Their 
inputs on the earlier revisions were used to 
finalize the guide. 

The evaluation of the guide resulted in 
several significant improvements that will 
help to enable states, utilities, and other users 
to implement structured and methodical fuel 
cycle research for a variety of alternative 
purposes. 

Specifically, the refined guide is a structured tool providing 

• An approach for assembling state, utility, and IRP constituents to collaboratively 
frame the fuel cycle analysis parameters and select valuation technique(s) 

• A means for initiating fuel cycle research 

• Excel 4.0 spreadsheets to calculate and store quantitative and/or qualitative data 
measuring specific impacts in each stage of the fuel cycle 

• A range of additional applications of the guide and fuel cycle research 

• A resource of potential data and analytical resources that can be used for utility, 
state, or federal planning activities. 
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SECTION 1. INTRODUCTION 

A. OVERVIEW 

This document is intended to provide a framework for setting parameters, collecting data, 
and analyzing fuel cycles for supply-side and demand .. side management (DSM) technologies. 
It is intended to provide users with an automated tool for entering comparative fuel cycle data 
that are meaningful to their state/utility integrated resource planning (IRP), collaborative, and/or 
regional energy planning activities. The guide outlines an extensive range of energy technology 
characteristics and environmental, social, and economic considerations within each stage of a fuel 
cycle. The guide is designed to be flexible, however, and permit users to focus on those specific 
stages/impacts relevant to the technology under evaluation and that meet the user's planning 
requirements. 

While the guide provides a framework for data analysis, it does not provide the data or 
empirical structure for analysis. That is for the user to detennine through relevant state or 
regional energy planning organizations. 

The guide is one of a series of resource documents designed to assist in the application 
of fuel cycle assessment. The other documents include: Fuel Cycle Assessment: A Compendium 
of Models, Methodologies and Approaches,· Evaluation Criteria for Total Fuel Cycle Analysis 
Data, Models and Methodologies,· and Evaluation of the Fuel Cycle Assessment Guide for 
Framing a Fuel Cycle Analysis. These resource documents provide decision makers with the 
ability to identify, evaluate, and select from a range of analytical techniques, computer based 
models, and/or decision-making methodologies for petforming fuel cycle assessment. Users can 
identify those tools that arc most appropriate for their needs. The documents also will assist in 
identifying potential data resources for implementing the research and highlighting major gaps 
in fuel cycle data. These documents are available from: 

National Renewable Energy Laboratory (NREL) 
Mr. Blair Swezey 
Principal Policy Advisor 
1617 Cole Blvd. 
Golden, CO 80401 
(303) 231-7014 

Some data resources that could be used to assist in a fuel cycle assessment are shown in 
Appendix A. Also shown in Appendix A are selected models profiled in the compendium. 
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B. ORGANIZATION OF THE GUIDE 

The guide is a workbook for framing a fuel cycle assessment and initiating the research 
process and is organized as follows: 

SECTION 2: 

SECTION 3: 

SECTION 4: 

APPENDIX A: 

Fuel Cycle Assessment - A brief discussion of the fuel cycle and 
its applications and fuel cycle assessment. 

Implementing the Guide. 

Fuel Cycle Assessment Worksheets 

• Summary worksheet for establishing research parameters 
around the fuel cycle analysis individually, and then 
reaching consensus in a group setting 

• Detailed worksheets to the Guide. 

Appendix A provides potential data resources for fuel cycle 
assessment and models, software tools, and techniques. 
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SECTION 2. FUEL CYCLE ASSESSMENT 

This section provides an overview of fuel cycle assessment. its objectives, and some of 
the complexities involved in implementing the analysis. It discusses the stages of the fuel cycle 
and general objectives of fuel cycle assessment This section is designed to assist users frame 
their own analysis and develop objectives, as well as identify some of the key issues to be 
resolved prior to implementing a fuel cycle assessment. 

A. OVERVIEW 

Fuel cycle assessment is the examination of market and non-market costs for any eneray 
supply or demand technology option. The fuel cycle is different for each technoloay option ... 
comprising a varied series of stages and impacts. Typicaily, the fuel cycle includes exploration 
and extraction, raw materials processing, the production of the finished product, consumption, 
and waste disposal -- with transportation and storage activities occurring throughout the cycle. 
The fuel cycle can be defined generically, however, as follows: 

The fuel cycle includes all direct and indirect actions and their associated costs of a 
technology option from resource extraction -- through its useful life -· to disposal or 
recycllna. In addition, fuel cycle assessment incorporates. quantitatively and 
qualitatively. external costs and benefits associated with a particular technology. 
Extern,d costs and benefits include costs resulting from societal or environmental, impacts 
that are not internalized in the market price of energy. The impacts can occur in 
economic, environmental, and social categories. 

Analysis of the fuel cycle allows for evaluation of the "total cost" associated with 
delivering a unit of energy. Total costs equal the internalized costs plus the unpriced externalities 
that occur throughout the fuel cycle. In some form, internalized costs include both direct and 
indirect costs attributable to energy. Examples of direct internalized costs include fuel, capital 
investment, personnel, operations and maintenance, transportation or transmission, waste disposal, 
and waste management. Examples of indirect internalized costs include private sector research 
and development (R&D), legal costs, and administrative costs. Externalities are those costs not 
represented in the market price of energy, such as the costs associated with land, air and water 
pollution, public sector costs, and impacts on human or animal health. Benefits accrue 
throughout a technology's fuel cycle and these also comprise total costs. Examples include 
supply reliability, employment benefits, and technological advancement. 

A fuel cycle assessment allows the analyst to identify the components of the true total 
cost of selected supply- and demand-side energy technology options and provides a framework 
for appropriate qualitative and quantitative assessment of those components. Thus, all energy and 
conservation resources are placed on a "level playing field." This allows for a greater degree of 
fairness in comparing technology cost .. effectiveness. In addition, an understanding of total fuel 
cycle costs supports energy planning and energy policy analysis activities. 
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B. STAGES OF THE FUEL CYCLE 

The followina is the track of a multi .. staae fuel cycle that can be applied for the analy1l1 
of supply-side and demand-side utility technolo1ies. It falls into four primary phues .... raw 
materials phue, producdon phue, waste disposal phase (recovered and unrecovered). and post· 
operation phue. Activities associated with the transponation and 1tora1e 1ta1e1 are continuous 
throuahout the fuel cycle. It ls based on the standard steps and procedures that typically occur 
in transf onnlna raw materials from the eanh into consumable aoods. The staaea are 

Baw Materials Pbw 
1. Resource exploration and extraction 
2. Raw materials procesaina 

Producgon Pbua 
3. ManufacturinJ and constnictlon 
4. Transponadon 
5. Storaae 

Oppratioo Phw 
6. Conversion to electricity 
7. Distributiontrransmission 
8. Bnd .. Use (i.e .. au technoloales, DSM technoloales) 

Po11·QRQtauon Ehaa 
9. Waste disposal (unrecovered) 
10. Waste recycling 
11. Decommissionina/Retlrement. 

The fuel cycle is illustrated in Bxhibit 1. Clearly, the extent nf the fuel eye le la 
significant and its depth is complex. Not so clear is the extent to which the total fuel cycle needs 
to be analyzed. A truly comprehensive analysis is a fonnidable task, and the validity of fuel 
cycle data can be the subject for debate. 

Within the dttailed worksheets to the guide. each stage has been briefly characterized. 
This is to assist the user in clearly idendfyina and definina the sta1es of the fuel cycle for the 
particular technoloay under analysis. It also will assist in ensurina that the idcntiflcadon of 
activities and impacts within each stage are clearly delineated and that related impacts are not 
omitted or double-counted. The definitions provided in the worksheet are to be used for 
guidance. Users may modify them as necessary for their specific application and objectives. 
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ost-Operatlon Phas 
9. Waste Disposal 
10. Waste Reoyollng 
11. Decommissioning 

&DIii 

I THE TOTAL FUEL CYCLE I 

6.Conwrsion 
7. Transmission & 

Dfstribution 
a.End-Use 



C. OBJECTIVES OF FUEL CYCLE ASSESSMENT 

Much of the current popularity of fuel cycle assessment stems from the need to identify 
various environmental effects associated with the production of electrical power. Fuel cycle 
analysjs has other policy and program analysis capabilities that are worthy of further explanation. 
Fuel cycle analysis is a powerfal framework for identifying and analyzing energy issues as well 
as government and private sector responses. It also is unique in that it can provide a basis for 
the analysis of specific energy applications, utility plans, state or regional plans, or national 
strategic energy plans. 

Environmental issues are the best known and are often regarded as the primary, if not 
only, rationale for fuel cycle analysis. By identifying all events in the process through which 
fuels move on their way to the end-user, the analysis provides a basis for identifying all the 
potential sources of impacts. This allows for the identification of impacts in stages upstream and 
downstream of the conversion stage rather than just at the point of conversion, which is the focus 
of most commonly studied sources of environmental impacts stemming from energy use. 

Research and development program planning can benefit from fuel cycle analysis. The 
justification of R&D is a difficult process because of the sometimes problematic connection 
between the activities undertaken and the perceived problems to be solved. While these 
difficulties will never be fully resolved, fuel cycle analysis can provide a basis for selecting R&D 
activities. It provides an expanded view of how the technology being examined interacts with 
other technologies and markets. The analysis can be used to indicate subject areas or specific 
applications in which additional R&D could be expected to make the technology more 
competitive in the market place. 

The identification of market opportunities, especially niche markets, can benefit from the 
comparative use of fuel cycle analysis. Emerging technologies must seek out markets or market 
segments in which they can compete early in their development. Fuel cycle analysis provides 
a common framework for examining all energy technologies and applications and thereby 
provides a basis for comparatively examining both primary and secondary energy uses at all 
production, transportation/transmission, end-use, and disposal nodes. By comparing the fuel cycle 
of one fuel with that of another, it may be possible to identify niche markets for emerging 
technologies that are currently not visible using traditional market analysis techniques. 

A firm understanding of the fuel cycle contributes an additional benefit to energy policy 
and program analysis. Fuel cycle analysis provides a schematic for the discussion of energy 
issues and policy alternatives. This schematic offers the advantage of being able to place, within 
an agreed-upon context, the program elements, technologies, and options available to decision 
makers. This ability to locate the nexus of multiple programs or policies has the paten.i,21:::t~" 
establish an important rationality to energy policy and research. Coupled with regulatory analysis 
that identifies governmental actions, jurisdictions, and impacts, fuel cycle analysis provides a 
powerful and scientific approach to addressing energy issues. 
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D. COMPLEXITIES IN THE ANALYSIS 

There are a number of difficulties in perf onning a fuel cycle assessment. Some of the 
major complexities include the following: 

• Establishing a geographical or political jurisdiction framework for analysis is a 
comple~ issue. Boundaries must be defined for the depth of externalities to be 
analyzed. ·~example, a boundary established to assess only direct impacts will 
consider only the direct cost of pollution (i.e., the cost of abatement), whereas 
secondary level boundaries will incorporate indirect costs such as health costs 
from emissions. ·An even deeper analysis will include tertiary impacts such as the 
cost of those health impacts on socio-economic systems. 

• Many fuel cycle impacts are very site specific in nature. The surrounding 
ecosystem, weather patterns, population centers, and infrastructure can alter how 
the fuel cycle impacts occur and the effect they have. 

• The temporal nature of fuel cycle impacts is another factor that must be addressed 
in implementing a fuel cycle assessment. Some impacts are one-time or 
temporary impacts. Examples include job creation associated with power plant 
construction or lighting retrofit programs, and mercury and polychlorinated 
biphenyl (PCB) disposal associated with lighting retrofits. Other impacts, 
however, are long-term or continuous; examples include emissions related to 
resource extraction, power plant emissions, and ash disposal. 

• Data development can be a costly process and it may not be possible to achi,~ve 
an acceptable level of validity within budgeting constraints. The selection of 
boundaries that will frame the analysis may be based largely on the ability and the 
cost of generating specific data elements. The level of analysis is important to 
render any comparative judgement regarding the use of a given energy technolo1gy. 

• Another issue is the cost and complexity of assembling valid and comprehensive 
data to quantify externalities. Some of these data are known or estimates exist. 
For other data elements, however, no current resource exists and some data 
elements can only be expressed by qualitative measures. Moreover, each supply
and demand-side technology will have its own fuel cycle characteristics and thus 
varying externalities from stage to stage. 

• Many impacts associated with energy resources are regulated. These include 
environmental impacts associated with oil and gas drilling, coal producer payments 
for mining-related health impacts, and emissions from utility generating stations. 
The measures that companies implement to comply with these regulations are 
generally incorporated in the price passed on to the customer in the next stage of 
the fuel cycle and, ultimately, to the final consumer (i.e., the utility ratepayer). 
Fuel cycle analyses must recognize that some impacts are already accounted for 
(partially or completely) by current regulation and avoid double counting these 
impacts. Also, it may be necessary to include in a comparative fuel cycle 
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analysis, the level of regulation upon one technology option versus another and 
the extent to which regulation may have forced internalization of some of the 
costs of fuel cycle impacts. 

• Another complexity is the method of valuation. Various techniques are available 
for qualitatively or quantitatively valuing specific fuel cycle impacts. These 
methods vary in their cost and complexity. Decision makers will need to evaluate 
these methods in terms of tiow their specific needs are best fulfilled within time 
and budget constraints. 

In conducting research to develop this guide, a number of data resources were identified 
that could be used in performing a fuel cycle assessment. These included case-specific data from 
private sector manufacturers, producers of raw materials, or recyclers on impacts such as 
emissions, accidents, and employment They also included state agency reviews of the 
environmental and socioeconomic impacts from power plant development These are types of 
data that can be readily fed into the fuel cycle assessment and that may substantially assist in 
evaluating energy technologies on a broader scale. However, a number of data gaps also were 
identified. These gaps may or may not be filled easily or cost effectively. Users of the guide 
will need to assess whether or not to fill those gaps and at what cost. 

E. TECHNIQUES FOR QUALIFYING AND QUANTIFYING FUEL CYCLE 
IMPACTS 

Estimating the costs and benefits associated with energy technologies can be very difficult. 
For example, how can a monetary value be placed on the visual impact of aquatic degradation 
to rivers or streams? It is unlikely that a single monetary value can adequately represent the 
social cost of that impact for all parties involved. To value impacts such as this requires 
techniques that are equitable and unbiased. 

For other external costs such as atmospheric emissions from the direct combustion of 
fossil fuels, there are a range of available estimates to quantify and monetize their cost. These 
estimates account for the cost of controlling those emissions or valuing the associated physical 
damages. Many of these estimates have been published in literature that summarizes the 
environmental costs for selected generating technologies. Some state commissions used these 
estimates to develop monetized adders for specific externalities. 

In developing estimates of external costs, whether quantitative or qualitative estimates, 
several techniques can be considered. The selection of a technique(s) should be a function of 
local priorities, the method in which the data are to be used, the scope of the research effort, and 
the resources available for perf onning the research. Exhibit 2 briefly describes some of the 
approaches. 

In addition, Total Fuel Cycle Assessment: A Compendium of Models, Methodologies and 
Approaches (available through NREL) provides profiles of a number of analytical techniques, as 
well as models for perf onning the analysis. Selected models, software tools, and standard 
techniques for performing the analysis required to assess fuel cycle impacts are also listed in 
Appendix A. These include some of the models and approaches profiled in the compendium. 
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Exhibit 2 
Valuation Approaches 

Contingent Valuation - Contingent valuation models are direct swveys of consumers to elicit their 
valuations of direct, non-market fuel cycle impacts. These can include environmental impacts such 
as water degradation or smog. They can also include the valuation of social patterns that may be 
disrupted because of the location of a power plant or other facility. One approach to Contingent 
Valuation is "willingness-to-pay." Willingness-to-pay is the amount that individuals (and/or 
ratepayers) in the local area are willing to pay to avoid the specific extemality. Willingness-to-pay 
can be measured through discussion and consensus in an expert round table or through demonstrated 
consumer behavior. 

Ranking and Weighting - This is a multi-attribute decision-making method for systematically 
evaluating environmental and non-environmental externalities. F.ach of the effects of interest is 
identified, organized, and weighted in terms of importance. The external effects from each resource 
alternae"e are measured (in physical terms where possible) and the severity of each effect is given 
an interval score (i.e., 0 = no effect, ... 10 = severe adverse effect). The sum of the weighted 
scores is used to perform the evaluation of the environmental and non-environmental impacts of 
each technology alternative. 

Dose-Response - This method can be used to measure the biological impacts from increases in a 
particular type of human activity. Examples include health effects associated with aunospheric 
emissions; direct kills to species or loss of habitat from waste disposal; ecosystem impacts from 
flow variation or thermal impacts; the effect of land/biomass use on environmental disasters such as 
floods or landslides; and attitudinal responses to aesthetic effects. 

Description and Characterization - This is a more qualitative approach to valuing impacts. A 
brief summary of the impact is performed based on historic data, literature reviews, or professional 
judgment. Based on these characterizations, the impact can then receive a measure (i.e., numerical 
ratings, positive/negative mea.,ure +,0,-). 

Bedonie Prlclna - Hedonic pricing is a technique for measuring the implicit price for resource 
attributes or characteristics associated with an environmental good; the price of the non-market good 
is given as a function of the quantities of various characteristics such that the coefficient on those 
characteristics represent implicit prices. 

F. UTILIZING THE RESULTS OF FUEL CYCLE RESEARCH 

When the results have been assembled from the completed worksheets, they can be used 
to augment IRP or energy planning processes. 

The results of fuel cycle research can be used to assist in a variety of activities. From 
a state perspective, they can be used to assist in the review of integrated resource plans or in the 
development of state energy strategies. Federal or industry research organizations can use the 
results of fuel cycle analysis to identify areas that will improve the technology. In addition, 
economic planners may want to assess the economic costs/benefits of various energy technology 
fuel cycles to maximize the economic opportunities that particular technologies or energy 
programs represent. 
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Exhibit 3 identifies some of the potential applications of fuel cycle analysis in this guide. 
Many of these were identified by state, utility, and industry representatives during the evaluation 
of the guide in the state of Maryland. As it illustrates, fuel cycle analysis offers a variety of 
applications and benefits. These include 

• Augmenting current IRP activities such as site evaluation and the fuel cycle 
assessment of selected technologies (e.g., at the back-end of the IRP process). 
Also, it could be used for evaluating bids received for purchased power 
agreements. 

• National, regional, or state energy policy analysis and planning 

• Evaluation of alternative R&D funding options and prioritization of those options 
based upon key criteria. 
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Exhibit 3 
Potential Applications of the Fuel Cycle Assessment Guide 

!-!!~!!!!!!!:!!~:]l!!!'.i~:!!!!!!~!!i!~!~~l~! 
lntsgrated Resource Planning 

The guide can be implemented to 
augment current IRP activities 
including: 

the collaborative procea 
site evaluations for new 
generatma statiom 
comparative analysis of • 
selected supply/demand 
teehnolops 
review of bids for non-utility 
power 
utility strateafc planning. 

En•rv Planning and Poliey Analysis 

The guide can be applied by state, 
regional, or national enel"IY 
orpnbatiom in developlng energy 
strategies. 

R&D Program Screening and 
Prioritb:Ation 

• 

Provides a comparative analysis of fuel cycle activities 
and processes 

Provides a comparative analysis of economic, 
envlronmenta~ and social Impacts (In each stage of 
the fuel cycle for selected technology options) 

Augments cost and performance data 

Augments Justification for potential cbanaes In policy 
direction or new policy aoals 

Can be used for identifying priority technologies or 
proarams for state, regional, or national promotion 

Strategic mapping of R&D pathways correlated to 
organir.ational objectives (I.e., environmental or 
economic objectives) 

Input into R&D long- and mld•term strategic 
planning processes 
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SECTION 3. IMPLEMENTING THE GUIDE 

The implementation process is straightforward and is designed to ensure that the fuel 
cycle assessment effort is responsive to regional priorities and can be used within established 
planning frameworks. 

Steps essential to implementation include 

1. ldentifY and assemble participants in the IRP/fuel cycle assessment working 
group and define the technology application. (See page 19) 

2. Establish fuel cycle assessment research parameters usin.fJ the summary 
worksheet contained in the guide. (See page 23) 

3. Review the responses to the worksheets and reach a consensus on the defudtions 
and parameters to be used in the detailed analysis. 

4. Begin the fuel cycle research process using the detailed worksheets. (See page 
12) 

5. Perform comparative fuel cycle assessment for decision processes. 

Each of these steps is described in detail below. (Exhibit 4 illustrates an approach to 
framing fuel cycle analysis.) 

1. ldentJfy and auemble participants in the IRPLfuel cycle assessment working 
l11lJlll. .. Participants can include representatives from state agencies such as the 
public service commission, energy authorities, environmental agencies, and 
representatives for potential energy consumers. They can also include 
representatives from utilities and others in the energy industry. The group will 
assemble to review the objectives of the fuel cycle assessment effort, evaluate the 
overall process, and discuss any modifications to the process. 

The specific supply and/or demand-side technology(s) being evaluated will be 
defined using the technology application worksheets (p. 18). 

Also, summary total fuel cycle worksheets (p. 21) will be provided to each 
participant and instructions will be given on how they are to be completed. 
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1.As-;emble lRPIFCA 
Working GrouplDeflne 
Application 

Exhibit 4 

2.Establlsh FCA Research 
Parameters 

, 
, 

3.Revlew Parameters and 
Reach Group Consensus 

4. Conduct Research 
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2. 

3. 

Establish "'" cycl, gsse,sm,nt research parameters using the summaa 
worksh,,ts in the gulde - The purpose of this activity is for each of the working 
group members to individually complete the summary worksheet for establishing 
fuel cycle research parameters. Individually, each member will identify 

a) The stages that he/she believes should be included in the research 

b) the environmental, social, or economic impacts that he/she believes should 
be included in the analysis. 

This worksheet was not included in the original draft of the guide; however, the 
value of such a worksheet became clear during the~ process of refining the guide. 

The objective of this activity is to obtain expert input for establishing boundaries 
around the research and analysis -- starting from a broad scope and then focusing 
down to high priority stages and impact categories. 

B•rl«w tb« c«Vl9NI« m 0, womb•"« a,ul nach con,casus on the 4cOnltt9ns 
and parametln to be llfftl ln th, d1tall1d qnqlyals .. The working group will 
reassemble to review the individual inputs and reach a group consensus on 

a) Research param;tem. - which stages/impacts should be included in the fuel 
cycle research process 

b) Criteria impacts - which fuel cycle impacts or research needs are of 
highest priority 

C) Valuation tecJmigue(§) - which techniques are to be used in measuring the 
impacts qualitatively or quantitatively_ 

d) Ws;i1hts (if any) - to be applied to the. criteria impacts. 

4. lum ,,., ,,,,, cycle r:11gw, erac,u usln1 ,,., detaU,d worksh,ets - This 
entails identifying and gathering data and using the detailed worksheets of the 
guide to conduct the research process. The guide p~ovides detailed worksheets 
which reflect a broad overview of potential fuel cycle impacts. The specific 
worksheets to be used will depend on the stage/impact boundaries agreed upon in 
Step 3. 

5. 

The worksheets shown in the guide provide "examples" of types of impacts that 
may occur in each stage (i.e., land requirements for coal mining). These are to 
assist in describing the particular impact category. Users must identify the 
specific impacts that are to be evaluated. (See Appendix A for potential data 
resources.) 

Conduct comparatJv, au«um,nt for d,clsion ecoc,ss,s - Assemble the data 
collected, evaluate the worksheet results, and use the results for the specific 
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application selected (e.g., collaborative process, R&D prioritization, IRP, etc.). 
This requires identifying locally appropriate applications of the Guide and 
designing and testing methods for using the results. 

When the Guide was tested in Maryland, representatives from state agencies, 
utilities, and the energy industry were assembled to evaluate the Guide as a tool 
for implementing FCA within an JRP setting. All of those that participated in the 
evaluation and refinement of the Guide indicated that the results of fuel cycle 
assessment could be useful in resource assessments, IRP processes, the 
collaborative process, as well as in establishing R&D priorities. 

15 



FUEL CYCLE ASSESSMENT WORKSHEETS 



SUPPLY AND DEMAND TECHNOLOGY 
APPLICATION WORKSHEETS 

TIN /ollowlla1 wonc,,..,,,, an to h complllld by 1M IRPIFCA working 1roup partlelpants. Th,lr 
'"'''"' u to pro,ld, 1uld1lln11 for c•arly df/lnln1 and d11crlbln1 lhl sp,clfk uchnoloo and 
appllcadon that Lt bllnf ,va,,.,.d. Th, characllrlltk1 of th11p,ciflc 1upply or d1mand-1ldt1 
11111111(1) """" co,ul41radon Impact th, approach to unpi.m,nllng lhl /ull cycll a11aly118, fhl 
""""' o/ tlN fu•I cycl,, alld tlll /111 cycl, Impact, to bl analyud. 
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Supply Technolo11Y Application 

Ov1rvl1w: D11crbJdon 

Location/ Acreue -
Svstem L .. ·- --~ler -
Prime mover/& .. ck-un -
Svstem size -
Puel sunolv/Source -
Antlcioated date on-Une -
- Other 

-
-

Oo,radonal Data: 

AntlciDated annual aeneradon 
Heat rate (Btu/kWh) 
Net-:-:: .. 

w 

Bmialon rates 
Dutv cvcle 

-
-
-
Emission control technoloales 

-
- -
Water consumotlon 
Steam oroductlon 
- Other 

-
-

Cost Data: 

Canltal costs (estimated) 
O&M costs <estimated) 

- Pixed 

- Variable 

- Other 

-
-

21 



Demand-Side Technology Application 

Ov1rvi1w: I Description I 
Pro.tect/Site -

Technolo1v/Suonller -

Slze/Ouantit'Y -

Anticioated Installation date -

Andcloated life-cycle 

-Other 

-
-

0,,1rodo1kil Data: 

Anticipated annual energy consumption 

kW /therms avoided 

Net efficiency 

Emissions avoided 

Duty cycle 

-
-
-
- Other 

-
-

Cost Data: 

Caoltal costs ( estimated) 

O&M costs ( estimated) 

-Fixed 

- Variable 

Rebates 

Internal rate of return 

- Other 

-
-
-
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SUMMARY WORKSHEET FOR 
SETTING FUEL CYCLE RESEARCH PARAMETERS 

The following worksheet is to be compleud individually by IRPIFCA working group participants. 
Please place a check mark in the cell corresponding to the stage/impact categories that you believe 
shou'/4 be included in the fuel cycle research process. Your results will be used with those of other 
members of the working group to develop a consensus on the parameters to bound the fuel cycle 
r,search proc,ss. 
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SUMMARY WORKSHEET FOR SETTING FUEL CYCLE RESEARCH PARAMETERS 

STAGES a - .... C) 

l 13 a = 
.r C) a 8 i ~ ID 

:s .-. ID 0 t 13 J l 
.a 

~ ! 
C) j tJ I dd Q :s -

'd 1 f 
a dd Pl l 8 C) 

8 =a a I s ¥ l C) 

l 
~ 

IMPACTS 1 i 
u l :l ~ Q 
'S t C) I ~ .s i 8 - ! i ' :J I .s g 1 G> 

f-4 U) tJ f-4 w ~ ~ Q 

Environmental Impacts 

1. Ter1estrial lmpads 

a. Land requirements 

b. Soil impacts 

i. Run-off, leaching 

ii. Soil erosion 

2. Groundwater and Aquatic Impacts 

a. Run-off to open streams, rivers 

b. Migration to groundwater 

c. Water requirements 

3. Afmospbericlmpads 

a. £missions 

4. Species ano ·vegetation impacts 

a. Terrestrial vegetation 

b. Terrestrial wildlife 

c.; Aquatic ecosystems 

s. AesthetitS 
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DETAILED WORKSHEETS TO THE GUIDE 

Thi /ollowlla1 ,,,, 1M worbhl,ts to lhl 1uld1. Thly an provl41d for ,ach o/ thl 1llv1n 1ta111 of th, 
/1111 c,cll aliil II.rt du /UU rang, of 1nvlronm1ntal, aoclal, and ,conomlc Impact cat,gorll, and 
11bctdl10,v1. In compl,tlng UN worulN,ts, lhl r11ults o/ lhl n,_1otlat6d 1,unmary workshl1t ahould 
bl u1d In 11tablllhln1 part11111lln •• only lncllldlng tho11 1ta,11llinpacts a,r11d upon by the group. 

Thi Jlnl col#mn 11111 th, Cl#llorils an4 1ubcat110,v1 of lm,acts. Bxal!IPIII o/ 1p1cv,e 1llm1nts 
wlllaln 111111 un,act c'*forll, an provltl1d. V1,r1 can JIil In lhl sp;cV,C impact 1llm,nts that occur 
In 1111 /Uil cycli o/ tlel 1p,clflc i.chnoloo and application blln1 ,valuated. 

Thi "lncld, (YIN)" colMIM II provl4ld for ,,,,,., to lndkatl whllh,r or not Impact 
cm,orll1/1ubcalflorll1 In ,ach ,111,, an b1ln1 lnelu41d. 

To 11N ~ht of Ila, "lncllld1 (YIN)" coluan, a "Quandtatlv, M1uun" column and a "Qualltatlv, 
M1a1111 collUIU& haH bl1n provl4ld. Quan11ta1l,, or 1ualltadt11 """'""' of th, Impact ar, to b, 
lnl,rt,d. 
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STAGE 1: EXPLORATION & EXTRACTION· The identlftcatlon and development of primary 
eneray resources. This includes Impacts associated with extractlna raw materials su,eh as coal, 
natunl aas, and mercury, or harvestlna timber or blo-crops. Impacts directly associated with the 
extraction of primary resources are considered relevant. The analysis does not include Impacts 
usoclated with co-product development. 

Include Qualitative Quantitative 
A. ENVIRONMENTAL IMPACTS (YIN) Measure Measure 

1. Terrestrial lmoacts 
a. Land reaulrements 

l. Minim 
.. coal . mercurv . 
. 
II. DrlWrur: . oll . IU 
• . 
m. Rehabllltadon of exiatlmr 1ltes . reforestation . land reclamation . . 

b. Soll lmoacts 
t Runoff. solute mlaratlon . metals . talllnRI . 
. 
ll. Soll eroalon (l.e. 1-.a.... mlnlnal . dluolved sollds . turbidity . 
. 

c. Other . 
. 

2. Groundwater lmoacts 

•• Leachlna, runoff, mlaratlon.of 
constituents to the aoulfer . talllms . brine oroductlon . 
. 
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Include Qualitative Quantltatln 
A. ENVIRONMENT AL (CONT'D) (YIN) Meuure Measure 

b. Aauatlc . oll •ellls 4.J 

. nhosnhates . 
• 

c. Water reaulrements . ftoodlna for rtlHl'TOln . coollm water . 
d. Other . 

. 
3. AtmOIDberle I 

a. Emlulona . sulfur dioxide . NOx •, 

. 
• 

b. Other . 
. 

4. Snecl•IV•etadon 
a. Terr•trlal ••etatlon . woodlands . ftora/faWII . . 
b. Tern1tr1a1 w11c111re . endamend ••• . mlanton 1necl• . 

. 
c. Aauadc . wetlands . ICOIYlteml . 

. 
d. Other . 

. 
5. A•thetlcs 

• noise . visual (air/water) . 
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Include Qualitative Quandtatlve 
B. SOCIAL IMPACTS (YIN) Meuure Measure 
~. 

1. Educadonalfrechnlcal 
a. lmoact on local educational lnstltudons . school caoaellY . 

. 
b. Imnact on tt chnleal ad,aneement . RAD ,d,ancement . Mtentlal oroduct de,elooment . 
c. Other . 

.. 
2. CommunllY lm1.1Acta/Soclal Patterns . dlanlacement . 

• 
3. lnlru---·-

a. Senlce/Sunnly Imnacta 
• ho111lm 1unnli . 
• 

b. Structural damue/lmoro,emcnta 
• orl,ate oroDll'tY danwre . DrGDel1Y 'falutl . 

4. Soclal/Cultunl luues . chanae In aualllY of Ille . . 
S. Demomanblet . 

. 
,. Safetv/Health 

a. Morbidity (oceunatlonal lnlurl•> . black buur . uthma . 
b. Mortallt:Y <oecuoatlonal deaths) . cancer 

• heart dlaeaae . 
c. Other . 

. 
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Include Qualltatl,e Quantitative 
C. ECONOMIC IMPACTS (YIN) Meuure Meuure 

1. Emoloyment . direct Job adclldo111/I01111 . Indirect Job addlt!o111/I01111 . 
. . 

2. Economic dffelomnent 
• direct bUIIIIIII adcUdolll/lOIIII . lndlnet b111lnea addtna./lOINI . 
. . 

3. Economic eomaetld,llllll 
• lnduatrlal comaet1d,e11111 . RMlonal comnetlt1, ... . . 

4. Public Sector 
a. ractlllY and ..,.1. naulnmenta . roadl/trantaortadon . utllld• . . 
b. Public Sector COltl/m1111111 . tu menua . ao,ernment aaenclltur11 

• . 
I.Other -. 

• . 
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ST AGE 2: RAW MATERIALS PROCESSING • Impact.I uaodatecl with the proceulna of raw 
materlall for 1111 In manufaeturlna and conatruetlon, con,enlon to electricity, DSM technoloales, 
etc. Exampl• Include oll reflnlna, coal beneflclatlon, the preparation of synthetic materials to be 
UNcl In lnaulatlon, and the procealna of noble metals or electroehromlc materials to be Ulld In 
ad,anced coatlnp for eneraY-efflclent windows. 

Include QualltatlH Quandtatl,e 
A.. ENVIRONMENTAL IMPACTS (YIN) Meuure Meuure 

1. Tanlltrlal lmnaeta 
a. Land naulrementa . oroctlllm facllld• . 

• . 
b. Soll lmnam 

I • Runoff. aolute mlandon . ...... 
• talllam 
• uh . 
. 
II. SollWOllon 
• dlllol•ed solidi . turbidity . 
. 
• 

c. Other . 
. 
. 
. 
. 

2. Groundwater lmnacta 

•• Leachlna, runoff, mlandon of 
co111tltuent1 to the aaulfer 

.. DhoaDhatel . l•d . 

. . 
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Include Qualltatbe Quantltatl'fe 
A. ENVIRONMENTAL (CONT'D) (YIN) Meuun Meuure 

b. Aauade . oll 1DIIII . lnoraanlc carbont . 
• 

c. Water reaulnment, . 
naulnmenta . ... 

.. eoollm water . 
d. Other 

• 
• 

3. AtmOIDnerlC .......... . aulfur cloxlcle . NO. 
• 
• 

b. Other . 
• 

4. Saecl•IV•etatlon 
a. Tlffllltrlal ••etadon . woodlandl . ftoralfauna . . 
b. Tll'Nltrlal wlldllfe -• enclamered 1..t• . mlaraton ••• . 

• 
c. Aauadc 

• wetlancla . ecGIYltenu . 
• 

d. Other . 
. 

5. A•thetlca . nolae . •llual (air/water) 
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Include Qualitative Quantltatl•e 
B. SOCIAL IMPACTS (YIN) Measure Measure 

1. Educatlonalff echnlcal 
a. lmnaet on loeal educational lmtltutlons . school eaoaclty . 

. 
b. Imnact on teehnlcal ad,aneement . RAD ad,ancement . notentlal oroduct de•elonment . 
c. Ot.aer . 

. 
2. Communltv lmnactl/Soelal Patten11 

• dlaolacement . 
. 

3. lnfrutructun 
a. Ser'flce/Sunnly lmnacta . houalm ,unnly . . 
b. Structural clamue/lm1ro,11111nt1 . orl,ate orooertY damue . DrGDll'tY ,aluea . 

4. Soclal/Cultural blues 
• cbame In auallb of life . 
. 

5. DemGaNnhlea . 
. 

,. Saf etv /Health 
a. Morbidity (oeeunatlonal lnluri•) . uthma . 

. 
b. MortalllY (oeeuDatlonal d•ths) . cancer . . 
c. Other 

• 
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Include QvalltatlH Quantltatl•• 
C. ECONOMIC IMPACTS (Y/N) Maa&un M111un 

1. Emolonnent . direct Job adcUtlolll/louea . Indirect _lob adcUtlolll/lOIIII . 
u 

. 
2. Economic detelonment 

• •• bUll11111 adcUdolll/lollll . lncUnct bUIIIIM 1clcltnl./lot111 . 
• . 

3. Economic camDltldt111111 
• lndunrlal comllltld,111111 
• RMlonal comnet1d,tn111 . 
• 

4. Public Sector 
a. hcllllY and ..... naulNIIICll'ltl 

• roadl/· -don 
• udlldtl . . 

b. Public Sector CG1tllmen1111 . taxm1111111 . ao,lfflllllllt BMnclltunl . . 
5. Other 

• . -• 
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ST AGE 3: MANtJF ACTURING & CONSTRUCTION - Final parts, products, equipment, and 
fadlltles that will facllltate enerxy production, consmnption, or conse"ation. This includes power 
plant construction and the manufacture of photovoltaic panels, lamps, and ballasts. 

Include Qualitative Quantitative 
A. ENVIRONMENTAL IMPACTS (YIN) Measure Measure 

1. Terrestrial Impacts 
a. Land requirements 

manufa 
. 

facilities . 
. olant site 
. 
.. 

b. Soll bnnacts 
l. Runoff, solute mh!ration . toxics . uh . 
. 
. 
H. Soll erosion 
. dissolved solids 
. turbldltv . 
. 
. 

c. Other . 
. 
. 
. 
. 

2. Groundwater imoacts 

•• Ltacblna, runoff, mtaration of 
constituents to the aquifer . nitrates . lead 
. 
. 
. 
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Include Qualitative Quantitative 
A. ENVIRONMENTAL (CONT'D) (YIN) Measure Measure 

b. Aquatic 

- toxicls 

- pH 
-. 

c. Water requirements 

- processim requirements 

- cooli112 water 

-
d. Other 

. 

. 
3. Atmospheric 

a. Emissiom 

- sulfur dioxide 

- NOx 
-. 

b. Other 
. 
. 

4. Species/V eaetation 
a. Terrestrial veaetation 

. woodlands 

. Dora/fauna 

. 

. 
b. Terrestrial wildlife 

- endanaered soecies 
- miaratory species 

-
-

c. Aquatic 

- wetlands 
. ecosystems 
. 
. 

d. Other 
. 
.. 

5. Aesthetics 

- noise 
. visual (air/water) 
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Include Qualitative Quantitative 
B. SOCIAL IMPACTS (YIN) Measure Measure 

1. Educatlonal/Technlcal 
a. Impact on local educational Institutions 

.. school capacity 

. 

. 
b. lmoact on technical advancement . R&D advancement . ootendal product development . 
c. Other . 

. 
2. Community lmnacts/Soclal Patterns 

- displacement 
. 
. 

3. lnfrutructure 
a. Servlce/Suooly Impacts . houslna SUDDIY 

-. 
b. Structural damaae/improvanents 

- private property damaae 
. property values 
. 

4. Social/Cultural Issues 
. cham:e in quality of life 

-.. 
5. Dem01raphics 

-
-

6. Safety /Health 
a. Morbidity (occupational injuries) 

- asthma 
-
-

b. Mortality (occupational deaths) 
- cancer 
-. 

c. Other 
-
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Include Qualitative Quantltatl,e 
C. ECONOMIC IMPACTS (YIN) Measure Measure 

1. Emolovment 
. direct .lob additions/losses 
. Indirect Job addltlons/loues . 
. 
. 

2. Economic de,elonment 
.. direct business additions/losses 
. Indirect buslneu addtns./losses . 
. 
. 

3. Economic eomnetld,eness . Industrial comnetltlvenea 
. Resdonal comnetltlven• . 
. 

4. Public Sector 
a. Fadlltv and NrYiee reaulrements . roads/transuortatlon . utllld• . 

-
b. Public Sedor costs/revenues . tax revenues 

. aovemment exoendltures 

. 
,,, 

5. Other 
. 
. 
. 
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STAGE 4: TRANSPORTATION· Tran1portatlon activities occur throuahout the fuel cycle. 
Examples lnclude: tran1portin1 raw materials to be processed or manufactured; movina 
manufactured aoods to the polat of use; moviaa oil or aas via a pipellne; and moving waste to be 
dl1po1ed of or recycled. 

Include Qualitative Quantitative 
A. ENVIRONMENTAL IMPACTS (YIN) Meuure Measure 

,., 
,' 

' c. 

1. Terrestrial Impact, 
a. Lud requirements 

. railways 

. oloeHne rl1bt-of-wav1 . -. 
b. SoU lmoacts 

I. Runoff. solute ml2ration 
. 101111 
. ub . 
. 
. 
u . Soll erosion 
. 
. 
.. 
.. 
. 

c. Other 
. -. 
.. 
. 
. 

2. Groundwater imoacts 

•• Leaching, runoff, mlaration of 
constituents to the aquifer 
. nitrates 
. oil spills 
-. 
. 
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Include Qualltatlve Quantitative 
A. ENVIRONMENT AL (CONT'D) (Y/N) Measure Measure 

b. Aauatlc 
.. toxlcl1 
. DH . 
. 

c. Water reaulrements . 
.. 

d. Other . 
. 
. 

3. Atmosuherlc 
a. Emlalons . methane . earbon monuxlde . 

. 
b. Other . . . 

4. Soecles/V eaetatlon 
a. Terrestrial veaetatlon . woodlands 

. Oora/fauna 

. 

. 
b. Terrestrial wildlife . endanaered species 

. mlmatory soecles 

. 

. 
c. Aauatlc 

.. wetlands 

. ecosystems 

. 

. 
d. Other . 

. 
5. Aesthetics 

. noise . visual (air/water) 
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Include Qualitative Quantitative 
B. SOCIAL IMPACTS (YIN) Meuure Meuure 

1. Edueatlonal/Technlcal 
a. lmnaet on local eclueatlonal lmtltutlona . lehool caoadb' 

~ . 
. 

b. lmoact on technical ad,aneement . R&D ad,ancanent . natentlal nroduct de,elonment . 
e. Other . 

. 
2. CommunllY lmnaeta/Soclal Patterns . dlsnlaeement . 

. 
3. lnfrutructure 

a. Servlce/Sunnlv lmnacta . houslmr 1unnly . 
. 

b. Structural danuule/lmoro,ementa . nrlvate orooertY damue . oroaertv valu• . 
4. Social/Cultural lssu• . chame In auallty of life 

.. 

. 
5. Dtmotm1nhlet . 

. 
,. Safety /Health 

a. Morbidity (occuoatlonal lnlurles) 
-. 
. 

b. Mortality (occuoatlonal deaths) 
. 
. 
. 

c. Other . 
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Include Qualltatl•• Quantltatl•e 
C. ECONOMIC IMPACTS (Y/N) Meuun Meuure 

1. lmnloYment . cUnct _lob 1dcUtlo111/I01N1 . lncU"'°t _lob addltlo111/I01N1 . 
. 
• 

2. Economic dntl0Dn1111t 
• direct bual .... addlt10111/louea 
• Indirect bUll11111 addtnl./lOUII . . . 

3. Economic commt1t1,en111 
• lnduatrlal comMtltl,en111 
• RMlonal comnet1t1, ..... . 
• 

4. Publlc Sedor 
a. Faclllb and Nnlee naulrementl . roadl/trantnortatlon . utllltl• 

• . 
b. Public Sector COltl/re,enuea . tumenuea . 10,ernment exDendltures . 

• 
5. Other . 

. . 
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rr ·"·~1 I: STORAGE • Storaae requlnmenta and nlated lmpaeta occur throuahout the fuel cycle. 
lump;~-. lnelude the storaae or nw materlall, paru, equipment, refined ru,1 oll, or co111umer 
producta. It II Important not to duplicate 1torqe-nlatecl lmpacta In thlt •taa• with lmpacta 
uaoelatecl with pennanent wute dllpoul or 1lmllar lmpactl that would be accounted for In other ...... 

Include Qualltatlfl QuautltatlH 
A. ENVIRONMENTAL IMPACTS (YIN) Meuun Meuurt 

1. , __ . ·rm ... 
•• Land w 

. ~-
• tank ,..,.. 
. • ....... J wute ...... 
• 
• 

b. Soll lmnaltl 
I, Runoff. 10lute mlaratlon 
• oll . ... . 
• 
• . 

c. llehabllltadon of •lltl• tltll . nfOrtltadon 
land. . tlon . 

. 
• . 

d. Other . 
·• --• . 
• 

2. Groundwater lmDUta 
a. Leachlna, runoff, mlaratlon of 

collltltuenta to the aaulfer . dluol,ed Iron . toxl• . . . 
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Include Qualltatl,e Quantltatl,e 
A. ENVIRONMENTAL (CONT'D> (Y/N) M111un Meuun 

b. Aauatlc 
• l•d 
• DhOIDhattl 
• 
• 

c. Wattr. . ..... 
• containment nondl . 

d. Other . 
• . 

3. Atm·---·~:e 
•• r.11110111 .. llmtltontdUlt . coal dlllt 

• 
• 

b, Other . 
• 

.t. SaeellllV•etatlo11 
a. T.,.trlal ,antatlon 

• woocllude . flora/fauna . . 
b. T• ••trlal wll.lte 

• ................. . maton1DICI• . 
• 

c. Aauatlc 
• wetlandl . 
• 
• 

d. Other . 
. 

I. A•thetlca . nolN 
• ,lauaJ (air/water) 
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Include Qualltatl .. Qua.,tltatlte 
B. SOCIAL IMPACTS (YIN) MMlun Meuure 

t. lducatlonalfl'echnleal 
_ a. lmDMt on loo.al eclucatlonal lmdtutlont . Hhool eanadb 

• 
• 

b. lmnact on ttchnloal ad,ancement . RlcD1dY t 
• DOtllldaJ Droduct *'elGDllllllt . 

,. Other 
• . 

2. Conununln Im . ·- .. Patteml 
• ......... , 
• 
• 

3. - A 
. -........ ,... - Jmnam . i auanlv . 

• . 
b. Structural. - , ..... . nrl,ate ----u damue . DfODll'1Y ,al1111 

• 
4. Soclal/Cultural ._. 

ehameln ... of Ille . 
• . ·-I. - ... . . 

,. Safatv/HM.lth 
a. Morbldltv (oeeunadonal lnlurl•l . 

. . 
b. Mortalltv loccunadonal deathl) . 

• . 
c. Other 

• 

49 



Include Qualltat1'e Quandtatl,e 
C. ECONOMIC IMPACTS (Y/N) M111un Meuure 

1. Im . t . clreet Job 1dcUtlolll/l01111 . lndlreet Job addltlolll/lOIIII . . 
• 

2. Economic cllfeloammt . dlNl!t bllllnaa •ddltlolll/lC111111 . lndlnet bull11111 addtm,/IOIIII . . . 
3. Economic comlNllltl, .... 

• lndultrlal coaa111t1t1, ... ... .. • comaet1t1, ... • 
• 
• 

4. Pubic Sector 
a. Paallll\' and ..... -

.. ... .. 
• roadl/trlnloortadon 
• utllld• . 
• 

b. Public Slotor &mtl/rettnUII 
• tax men• . 10,ffllllllftt ..tUNII 
. 
• 

I.Other 
• 
• . 
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ST AGE fi: CONVERSION • This 1tqe aceowitl for thON Impacts aaoclated with transfonnlna 
IMl1Y rt10urc11 Into useful electricity. Exampl• Include: power plant opentlon, the operation or 
photo,oltalc tyltllnl, and the operation or hydroelectric facllltl•. It would also Include the use of 
natunl pa by non-udllty aeneraton for the production of eleetrldty. 

Include QualltatlYe Quantltatln 
A. ENVIRONMENTAL IMPACTS (YIN) Measure Measure 

t. T•Nlltrlal lmmeta 
1. Land naulNmenta . 11111r1dna 1tado111 . bydroelectrle dlml 

• 
• 

b. SoUlmnam 
I. Runoff. aolute mlaratlon 
• radlonudldll 
• uh 
• . 
• 

c. llehabllltadon of 
. . ... 

• ftfortltldon 
• land nclamadon 
• 
• . 

d. Other . . . 
. 
. 

2. Groundwater lm•eta 
•. Leachlna, runoff, mlaradon or 

co111dtuent1 to the aaulfer . PCII . other toxics . 
. 
• 
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Include Qualltatl,e Quantltatlft 
A. ENVIRONMENTAL (CONT'Dl (Y/N) .. Mauun -

b. Aauade . l•d . chlorine . . 
c. Water naulnmenta . eoollna water 

• 
d. Other . . . 

3. A. - ·c 
a. lmllllo111 . 1ulfur dioxide . oarbon tloxlde 

• 
• 

b. Other 
.. 
. 

4. SDl!ll!IIIIV•etadon 
•· Terreltrlal ••etaaon . woodlandl 

• Rora/fauna . 
. 

b. Terreltrlal wlldllfe . 111danaencl ....... . · mlaratorv 11Yl!l!l• . . 
c. Aauadc . wetlands . I . 

• 
d. Other . 

. 
5. A•thetla . nolle . ,llual (air/water\ 
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Include Qualitative Quantitative 
I. SOCIAL IMPACTS (YIN) Measure Measure 

l. ldallonal/Technleal 
a. lmDaet on local educational lnstltutlom 

• IICbool canaclty . . 
b. IIIIDaet on technical ad•ancement 

• I.AD ad,ancanent 
~ · - • DrOduet clffelonment • . 

e. OtlMI' 
• 
• 

2. C-ualb lmnaeta/Social Patterns 
.... . --t . 

• 
• 

J, .... - . .. .. ~~y---.. a 

IUDDIV • . . 
b -- ~ • damMtllmDrO•ements . --

• Drl'fate _ .. ___ ..,. damue . ---~ ....... 
• 

'- loelal/Cultural --. ehlnlt In av"'11lY or Ille . 
• 

•• -
.. . 

• 
• 

,. Wm/11..ath 
•· Morbl•lY ~ donal lnlurl•) 

• 
• . 

b. MortalltJ (oceunadonal deathl) 
• 
• 
• 

c. OtlN,a 
• 
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Include Qualitative Quantitative 
C. ECONOMIC IMPACTS (YIN) Measure Measure 

1. Emplo:vment 
- direct job additions/losses 

- indirect job additions/losses 
-
-
-

2. Economic de,1elooment 

- direct business additions/loaes 

- indirect business addtns./losses 

-
-
-

3. Economic comoetitiveness 

- Industrial comoetitiveness 

- Reaional competitiveness 

-
-

4. Public Sector 
a. Facility and serviee requirements 

- roadsltransoortation 
- utilities 
-
-

b. Public Sector costs/revenues .•. 

- tax revenues 
- government exoenditures 

-
-

5. Other 

-
-
-
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STAGE 7: TRANSMISSION & DISTRIBUTION· This stage accounts for those impacts associated 
with the construction and operation of tranmlsslon and distribution equipment. This includes 
transmission lines, step-up and step-down substations, and switching stations. 

Include Qualitative Quantitative 
A. ENVIRONMENTAL IMPACTS (YIN) Measure Measure 

1. Terrestrial lmoacts 
a. Land reauirements 

- rlaht-of•ways 

-
-.. 

b. Soll bnoacts 
i. Runoff. solute mlaration 
. PCBs 
. corrosion . 
-
-

c. Rehabilitation of existina sites 
. reforestation 

- land reclamation 
. 
. 
. 

d. Other 
. 
-. 
-
-

2. Groundwater bnpacts 
a. Leaching, runoff, migration of 

constituents to the aquifer 
. lead 

- other toxics 

-
-
-
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Include Qualltatlve Quantitative 
A. ENVIRONMENTAL (CONT'D) (Y/N) Measure Measure 

b. Aa11attic 
. auoelated toxlca/oollutants 
. 
. 
. 

c. Water reaulremeats . 
. 

d. Other . 
. 
. 

3. Atmosoherlc 
a. Emlalons . 

. 

. 

. 
b. Other . 

. 
4. Soecles/Veaetadon 

a. Tes 1 •trial HRetadon . woodlands . nora/fauna 
. 
. 

b. Terrestrial wildlife 
. endamrered soedes 
. mlaraton soecles . 
. 

c. Aauatlc . wetlanm 
.. ecosystems 
. 
. 

d. Other . 
.. 

S. Aesthetics . noise 
.. visual (air/water) 
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Include Qualitative Quantitative 
B. SOCIAL IMPACTS (YIN) Measure Measure 

1. Educatlonalff echnlcal 
a. Impact on local educational Institutions . school caoaclty . 

. 
b. lmoact on technical ad,ancement . R&D ad.ancement . ootentlal oroduct develooment . 
c. Other . 

.. 
2. Communlb' lmnacta/Soclal Patterns . dllnlacement . 

. 
3. lnfrutrueture 

a. Senlce/Sunoly Impacts . atte11lblllb' . 
. 

b. Structural danwre/lmoro,ements . total hannonlc distortion 
. property ,alu• . 

4. Soclal/Cultural lssu• . ehanae In quality or Hre . 
. 

5. Demoaranhlcs . 
. 

,. Safetv /Health 
a. Morbidity (occupational lnlurl•) . 

. 

. 
b. Mortality (occupational deaths) . 

. 

. 
c. Other 

. non-occupational accldents 
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Include Qualitative Quantitative 
C. ECONOMIC IMPACTS (YIN) Measure Measure 

1. Emolovment 
- direct .lob additions/losses 
. Indirect Job additions/losses . 
. 
. 

2. Economic develooment 
. direct busineu additions/losses . Indirect business addtns./losses 
.. 
.. 
.. 

3. Economic comnetltlveness . Industrial eomnetltlveness . Re.tonal comoetltlveness . 
. 

4. Public Seetor 
a. Facllltv and senlce reaulrements 

.. roads/transoortatlon . utilities . 

.. 
b. Public Sector costs/revenues . tax revenues . 1ovemment exoendltures . 

. 
5. Other 

-. 
. 
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ST AGE 8: ENJ>.USE • This stqe includes those Impacts associated with the use of enel'I)' 
consumlna products such as Haht bulbs, heatlna/coollna equipment, and aas ranaes. It also 
Includes the end-use of enel'I)' conservation product-a such as Insulation or devices that may be 
lnstalled as part of a DSM proaram. 

Include Qualitative Quantitative 
A. ENVIRONMEN1'AL IMPACTS (YIN) Measure Measure 

1. Terrestrial lmuacts 
a. Land requirement, . HV AC eoulpment . 

. 

. 
b. Soll lmoacta 

l. Runoff. solute mlantion . leaks and corrosion . 
. 
. 
. 

c. Other . 
. 
. 
. 
.. 

2. Groundwater Impacts 
a. Leacblna, runoff, mi&ration of 

constituents to the aquifer 
. PCBs 
. lead 
. 
. 
.. 
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Include Qualltatl,e Quantltatlte 
A. ENVIRONMENTAL <CONT'D) (YIN) Meuure Meuure 

b. Aauatlc . coollmr tower aeroaola 
• ere. 
• . 

e. Water reaulnmenta . coollna water 
• 

d. Other . 
. 

-... , . 
3. Atm091herlc 

a. Emlalo111 . methane . NOx . . 
b. Other 

• . 
4. SDICl•IVMetatlon 

a, Terrt1trlal ••etatlon . woocUandl . ftora/fauna . 
. 

b. Terrestrial wllclllfe . endanlered 1oecl• . mlantory snecles . . 
c. Aauatlc . wetlands . eeosvstems . 

. 
d. Other . 

. 
5. Aesthetics . noise . visual (air/water) 
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Include Qualltatl,e Quantltatl" 
B. SOCIAL IMPACTS (YIN) Meuure Meuun 

l. Edueatlonalfrechnlcal 
a, lmnact on local educational l111tltutlo111 . achool caDacltv 

• . 
b. Jmnact on technlcal ad,ancnent . RlcD aduncement . ootentlal Droduet dneloDllllllt . 
c. Other 

• 
• 

J. ComnaunltJ lmDHt11Soolal Patternl . dlaDlactment . 
• 

J. - • 
•• Senloe/SUDDIY lanDMII . hoUIIMIUDDIY . 

• 
b. Structural danaaat/lmaro,•111• 

• Drl,ate DroDlrtY clamue . DroDll'tY •111111 . -4. Social/Cultural blues . chanae In auallbt of life . 
. 

5. Demoaraahlca . . 
,. Saleh/Health 

a. Morbldlb' (oeeuoatlonal lnlurl•> . 
. 
. 

b. Mortality (occuaatlonal d•thl) . 
. 
. 

c. Other . 
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lnelucle QualltatlH QuantltatlH 
C. ECONOMIC IMPACTS (YIM Meuun Meuun 

I, lmDlcmn111t 
• direct Job 1ctdltlolllll0Ufll 
• ladlreet lob 1dcUt10111/I01N1 . . 
• 

2, Economic dntl0Dm111t 
• cll'ldbualn1111·--. ~--ladlrect b 

. 
acldtm.llOlltl . . 

• 
• 

3. lconamle ......... 
• bNlultrtal ·t1,111111 . llalonal comllltld, ... 
• 
• 

,. PubliollOlor 
I, Jaclllt, Md ...... reaulran• . roadl/trlnlDOrtatlon . udlltlll 

• 
• 

b. Public s.tor eo1u/m1111111 . ........... . ··-------t ....... . 
• 

•• Other . . . 
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ff AGE t: WAST£ UCYCLING • Thia 1tqe lncludel thOlt actl,ltl• auoelated with the 
neycllna or wuta 1enented throuahout the fuel cycle. Thll lndudll the recydlna or reproeeulna 
or nw materlall for re-me and the neydlna or paru or equipment. Exampl• lndude neydlna or 
paclcqlftl materlall for UN In 1hlpplna lampa, mercury and al• NC)'dlna and the reeydlna of 
wutewater. 

lndudf. Qualltad,e Quntltatl" 
A. ENVIRONMENTAL IMPACTS (YJM Meuure Meuure -

1, T•••INI lm•cta 
a. Land reaulnmentl 

treatment/ .. 
. 

fadlldtl • . . 
• 

b. Soll lnamcta 
I. Runatr. IOlute mlnatlon .. 
• . . .... 
• 
• . 

e. Rehab1Btatlon of •lid• lltll 
• land nelamadon 
• . 
• 

d. Other 
• 
• . 
. 
. 

2. Grounclwater lmnacta 

•• Leachlna. runoff. mlandon of 
co111tltuent1 to the aaulfer 
• nholnhatll . wutewater toxla . 
. 
. 
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Include Qualltad,e QuantltatlH 
A. Ei, ,;:::._-__ ;...-;NT AL ICONT'Dl CY/Nl MMlure Meuun 

b. Aauatlc . IIIOOlated toxkw/aollutanta 
• lead . 
• 

c. Water. 
. ... .. 

.. 
• 
• 

d. Odler 
• . . 

J. Atmmahtrlc ........ 
• mllur dioxide 
• NOi 
• . 

b, Odler 
• 
• 

4. - . 'V•ttadOD 
a. 'flffllltrlal ,1111tadon ... .. . .. . fton/fauna 

• 
• 

b. Ttm1trlal wllclllfe . •••• . . .. ..... . . 
• 

o. Aauatle 
• wetllndl 
• eeGIYfflllll . 
• 

d. Odler 
• . 

I. A•thedoa . nolae . ,llual (air/water) 
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., 
Include QualltatlYe QuantltatlYe 

I. SOC!Ai, IMPACTS (YIN) Meuurt. Meuure 

1. ldUMtlanaltf " . . 
a. lmnact on loeal edueadonal lllltltudo111 . ldlool eanaelb . . 
b. llllnaat on ttchallcal •d•anetmtnt . R6D ad,ancement 

• INltendal Drocluct de,elonm111t 
• 

o. Other 
• . 

2. Communlb lmnaeta/Soclal Patternl 
• .. D ...... t 
• 
• 

3. lnlnltrueturt 
a. ""kw/S11nnh, lmnam 

• aCGllllbUltv . 
• 

b. Struetunl ...... .,..DrO,IIIHllltl .. 
tolll'l.ate . 

• . ,.,. ,111111 
• 

4. Soelal/Cultunl la1111 . ehanae In aualltJ of Ille . 
• 

S. l>emelffllnhla 
• . 

,. Salen/Health 
a. Morbldltv f occunatlonal lnlurl•l . 

. 

. 
b. Mortalltv foccunadonal deathl) . . -. 
c. Other . non-oeeunatlonal accidents 
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Include Qualltatl,e Quantltatl,, 
C. ECONOMIC IMPACTS (Y/N) MMSIIN Meaaun 

l. lmolovmmt . direct Job adclldona/lOIHll . lndlnet Job 1ddldo111/IOU11 
• . 
. 

2. Economic dtYtloament . direct bU1lnm addltlona/lOINI . Indirect bual11111 addtnl.llOINI . 
. . 

3. Economic oomDltlt1, ... 
• lndultrlal o.nDltltl, ..... . • comnet1t1, ... . . . 

•• Public leator 
a. PacWt.Y and ""* ~ . ... .. . roadl/ nation . udUtltl . . 
b. PubUe Sector CGltl/N'ftnUII . tax ffllllllll 

• 1o•ernment exaencltune . . 
•• Other 

• . . 
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ff AGI 10: WASTE DISPOSAL (UNRICOVIRED) • Thia 1tqe lncludel thON Impacts and 
1111.ttlll IIIOClated with the pennanent dllpoaal of wutea 1enerated throuahout the fuel cycle. 
Tllll llllludll ......... landfllllna and Incineration, unmanaaed dllpoal to tht en•lronment, and ......... ., ........... 

lnelucle Qualltatlte Quantitative 
A. INVJlt AL IMPACTS (Y/N} Meuure Measure 

1. ":"' .......... 
.. LaaMI. . 

II 
• ........ 
• . 
• 

•· w· 
-

I. - -..... .. 

• PC• 
• ....... 
• . 
• 

c. - .. . ..... don of ...... lltll 
• ........... don 
• nfONltatlon . 
.. 

d. Other 
• 
• 
• . 
• 

2. Groundwater lmnam 

•• Leaehlna, nanoff. mlaratlon of 
conlltituenta to the aaulfer 
• •h . ndloaetl•e wutea . 
. 
. 
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Include Qualitative Quantitative 
A. ENVIRONMENTAL (CONT'D) (YIN) Measure Measure 

b. Aquatic . phosphates 
. dissolved iron 
. 
. 

c. Water requirements 
. proeesslna 
. 

d. Other 
. 
. 
. 

3. Atmospheric 
a. Emlulons . CFCs . D&rtleulates . 

. 
b. Other 

.. 

. 
4. Soedes/V eaetatlon 

a. Terrestrial vea:etatlon 
. woocllanm . Dora/fauna 
.. 
.. 

b. Terrestrial wildlife 
. endam:ered soecies . mlaratory soecies 
-. 

c. Aouatlc 
. wetlands 
. ecosystems . 
-

d. Other 
. 
. 

5. Aesthetics 

- noise 
. visual (air/water) 
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Include Qualitative Quantitative 
B. SOCIAL IMPACTS (YIN) Measure Measure 

1. Educational/Technical 
a. lmoact on local educational institutions 

. school capacity 

. 

. 
b. Impact on technical advancement 

. R&D advancement 

. notential oroduct development 

. 
c. Other 

. 

. 
2. Communlb' lmoacts/Sodal Pattems 

. dlsolacement . 

. 
3. Infrastructure 

a. Service/Supply Impacts 
. 
. 
. 

b. Structural danw!e/imorovements 
. damue to private property 
. property values 
. 

4. Social/Cultural Issues 
. charu!e in aualib' of life 
.. 
. 

5. Dem02raohics 

-. 
6. Safetv/Health 

a. Morbidib' (occupational iniuries) 
. 
-
-

b. Mortality (occupational deaths) 
. 
-
-

c. Other 

- non-occupational accidents 
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Include Qualitative Quantitative 
C. ECONOMIC IMPACTS (YIN) Measure Measure 

1. Employment 
- direct Job additions/losses 
- indirect .lob addltlom/losses 
.. 
. 
. 

2. Eeonomic development . direct business additions/losses 
- indirect business addtns. /losses 
-
-. 

3. Eeonomlc comoetldveness 
- industrial comoetltlveness . reaional eomoetltlveness 
-
-

4. Public Sector 
a. Facility and service requirements 

- roads/tramnortatlon . utilities 
-
-

b. Public Sector costs/revenues . tax revenues . 1overmnent expenditures 
-
-

5. Other 

-
-
-
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ST AGE 11: DECOMMISSIONING/RETIREMENT • This staae Includes those Impacts and 
activities usoclated with the pennanent removal of an electric aeneratlna plant from se"lce. This 
Includes dlamantllna the plant and restorlna the site. It may also Include retoollna the facility for 
continued use as an electric aeneratlna plant. 

Include Qualitative Quantitative 
A. ENVIRONMENTAL IMPACTS (YIN) M""8ure Measure 

1. Terrestrial Impacts 
a. Land requirements . net Impact on land requirements . 

. 

. 
b. Soll Impacts 

I. Runoff. solute mlaratlon 
. leachl112 of toxics (e.1. PCBs) 
. 
. 
. 
. 

c. Rehabilitation of exlstina sites . land reclamation . reforestation 
.. 
. 

d. Other 
. 
. 
. 
. 
.. 

2. Groundwater impacts 
a. Leachtna, runoff, ml1ratlon of 

constituents to the aaulfer 
. lead 
. radioactive wastes 
. 
.. 
. 
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--------------- ---·-

Include Qualitative Quantitative 
A. ENVIRONMENTAL (CONT'D) (YIN) Measure Measure 

b. Aouatlc . oH 
. eel wastewater . 
. 

c. Water reaulrements . orocesslna 
. 

d. Other . 
. 
. 

3. Atmosoherlc 
a. Emissions . CFCs . carbon monoxide . 

. 
b. Other . 

. 
4. Soecles/V metatlon 

a. Terrestrial ••etatlon . woodlands . flora/fauna . 
. 

b. Terrestrial wllclllf e . endanaered soecles . ml1ratory sneeles . 
. 

c. Aauatlc 
. wetlands . ecosvstems 
. 
. 

d. Other 
. 
. 

5. Aesthetics . noise . visual (air/water) 
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Include Qualitative Quantitative 
B. SOCIAL IMPACTS (YIN) Measure Measure 

1. Educatlonal/Technlcal 
a. lmoact on local educational Institutions 

. school caoacin, 

. 

. 
b. lmoact on technical advancement . R&D advancement . ootentlal product development 

.. 
c. Other . 

. 
2. Communltv Jmpacts/Soclal Patterns . dlsolacement 

.. 

.. 
3. Infrastnacture -a. Servlce/Suooly Imoacts . 

. 

. 
b. Structural damue/lmorovements . damaae to Private property . orooertY values 

. 
4. Social/Cultural Issues 

. charure In quality of life . 

. 
5. Demmrraohlcs . 

. 
6. Safety/Health 

a. Morbidity (occuoational lnlurles) 
. 
.. 
. 

b. Mortality (occupational deaths) 
. 
. 
. 

c. Other 
. non-occuoatlonal accidents 
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--------------------

Include (}ualltatl.e QuantltatJve 
C. ECONOMIC IMPACTS (YIN) Meuure Measure 

1. Emolovment . direct Job addltlom/losses . Indirect Job addltlons/loaes . 
. 
. 

2. Economic develooment . direct bualn• additions/losses . Indirect b111lnea addtns./lOllel . 
. 
. 

3. Economic comoetltlventU . Industrial comnedtlven• . realonal comoetltlveness . 
. 

4. Public Sector 
a. FacllliY and service reowrementa . roads/transpc,rtatlon . utilities . 

. 
b. Public Sector costa/nvenues . tu revenues . aovemment expenditures 

. 

. 
5. Other . 

. 

. 
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APPENDIX A 
POTENTIAL DATA RESOURCES AND TOOLS 

FOR FUEL CYCLE RESEARCH 

A. DA TA RESOURCES 

Exhibits A-1 throuah A-3 provide examples of data and information resources that can 
be utilized in performina a fuel cycle analysis of environmental. social, and economic impacts 
for eneray technoloaies. 

As illustrated, there are a number of disparate sources of inf onnation that can be used to 
auament fuel cycle research. As the earlier report to this project ( Volum, /.· Evaluation of the 
Fu,l Cyclt Assessm,nt Guide for Framing a Fuel Cycle Analysis) illustrated, there remain 
"""or 1aps In the data and analytical technlqu• available to fully analyze fuel cycle 
lmpacm. Many of the data resources listed below are specific to Maryland and/or the teehnology 
case examples evaluated for this project; however, they demonstrate the types of resources that 
could be utilized to usess impacts for other technoloaies and in other states. 

To perform an effective fuel cycle research effort, data research must be u case specific 
as possible. Often, discussions with industry personnel can provide important insiaht into 
manufacturina, construction, storage, transportation, and operational processes that occur along 
the fuel cycle. 

A-1 



• State A1tncy Envtroam,atal Impact Reporta (I.e., Envlronmeatal Review, by the Mar,lud 
Power Plant ud lnvlroamtntal Review Dlvlllon) .. These provide 1tanlftcant cue-spectnc 
lnfmmation for die conlll'UCtion and convenlon sraaea of power plants. They include: 

• Batimated air emisatons 
• Bltimated diacharaea to area riven and streams 
.. Impacts on local ecoay11em1 (wotlanda, plant and animal life) 
.. Water supply. 

Operadna udlity environmental impact statements and CAAA/CW A compliance studies also provide 
udmatea of impacts such u theae. 

• U.S. lavlromn•tal Proteclloa Aaaey CIPA), l91kl a,...., IPDIIPP CTRI} dltabue · Data 
on annual releues of over 300 TRI chernlcala from over 23,000 manufacturlna facllltiea in the U.S. 
It can auppon fuel cycle research reaardlna raw materials proceaalna and manufacturina. Also, 
BPA document AP-42 deacribea environmental impacta and provldea oadmated emlaaion facron for 
criteria and non-criteria pollutants for approllmately 200 lndultrial acdvltles. lncludlna petroleum 
reBnlna, coal cleanlna. bqalle combustion. and many others. 

• Operator 1Jaform1t1oa: AppUcaUou for permlt(1)-to-co11tnact/operate aad IUS1 • Auamenu 
lite-speclftc environmental impact data for manufacturina facilities, mbJna/clrillina operations, 
Pow• plants, bulk terminals, landftlll. and recycllnl facWdes. Alao. udllty-speclllc emluion rate• 
can be uaed to eadmate emlalons offNt from proposed DSM proarams. 

• MIiie Sar.ty and H•hb Adlnlalatrltlon, Mlplp• llfprmatlop MIiia · Maintains dala on dust 
umpla for mlnoa. 

U.S. Department ol lntertor. Office of Surface Mlnla1. Reclamation and Enforcement · 
Maintains annual. atate·level data on coal mlnina reclamation. 

U.S. Department ol Tran1portatloa, Office ol Plpellae Safety, AAAYIJ Report · Provides cue· 
specific annual data on pipeline accldenta, releases to the environment, and impacts. 

• U.S. EPA Star Proara• .. Provides aaareaated historical data on releaaOl/accidents for natural aas 
pipelines. 

• NaUonal Acid Precipitation A1Nument Proaram, BMPIIJH g[ Y111tat1op to Atmoa1bKls 
R1PPitlQ1 IN Ak EPPudon 

u.s. Pllb & WIidiife Strvtce. Jm11sM g[ Cqal•flncl rsm1r '11Plf op flab, )YUdllfe ID4 D•lt 
Habitats 

U.S. Department or Eael'IY, En•l'IY Efficiency and Renewable Eneray, Eneray 5DIIDI 
lmlylqu pd Mtlltltl Reqyl[emtptl · Provide ostimatos of environmental impacts from the use 
or photovoltalcs and other eneray resources. Ba•m InluatJ911M apd the EnvimomlQt; 
EpvlrqpmtptaJ IAfRDPldSIA Hagd~ook. October 1988, provided much of the infonnation for the 
previously mentioned DOB report. 
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• State Aaency Impact Reporta · These provide cue-1poctnc lnfonnaUon for selected aoclal impacts 

• 

• 

• 

• 

• 
• 

• 

occunina durtna the c..onstruction and conventon stqes or power plants. Tbese lnclude: 

• Noise aaaoctated witb con11n1ct1ou and operations 
• Visual impacta 
• Population tmpact1 
• Scbool enrollment impact.a 
• Maratnal boualna demand 
• Tranaponatton-related lmpacta 
• Cultural lmpacta. 

U.S. Department of Tr1111portatton. Office or Plpellne Safety, ADOHII BIP9G · Provides cue• 
apectflc 11111uat data on pipeline accldenta. lnJwtes and deatba. 

Mini Safety and Buldl Admlnlltratlon, Mtgtp lplonptlop IMID · Malntalna health and 
aafe&y da&a ror coal mtnes tncludlna: acclckllta. reaultant Ulneaa. lnjury or cause of death. employee 
days loat. and tbe avera,e number or employee bows or exposure. 

CaN/OperatoNpeclflt rNUrCb 

Economic Impact modelllloftware tooll <•• Exhibit A-4) 

Company.,peclftc 1n1ployment data and proJectlo111 

Mint Safety and Hultb Admlnlltratlon, NtDIPB lplqnnatlon IYfMDI · Maintains coal operator 
data on quarterly employment (number of employees per ton of clean coal produced). 

Stat, A•ncy Environmental Impact Report, · In addldon to oattmadna environmental and 
social lmpacta. some impact uaeumonts performed by state qencloa will evaluate impacts such as: 

.. Public sector: expenditures on public safety and public worka 
• Constructlon/Convorsion-araa, employment impacts 
.. Dtrect. indirect.. and induced income 
• Public sector revent.1t.a. 

Aaaln, tbese typically are just for tbe constrUction and conversion staaoa of supply-side 
tecbnOloates. 
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8. MODELS AND TOOLS 

To asaoss the impacts of fuel cycle processes, socio·economlc impacts, and environmental 
releues. computer-bued models or expert roundtables can be considered as tools for makina an 
usessment. Exhibit A-4 lists selected models and software packaaes that can be used for 
perfonnina an environmental and/or socioeconomic impact analysis of specific supply· and 
demand-side eneray technolo1y applications. These tools can be considered for transf ormlna raw 
data into estimated environmental. social. and economic impacts. Many of the computer-bued 
tools that are shown were proflled in Futl Cycle Assessment: A Comptndium of Models, 
M1thodologl1s and Approach,s. 

Modw 
Maryland Impact Modellna System 
IMPLAN 
DBORBBS 
TBMIS 
Lona-ranae Bneray Alternatives 

Plana.Ina System (LBAP) 
OBMINI 
Electric and Ou Blectric Utility 

ModeUna System (BOUMS) 
Air Bmlsslons Risk Assessment 

Model (ABRAM) 
United Nadona Environment Pro,ramme 

(UNEP) Environmental Data Bue 

StDDPMUM 

OP110NS: Bneray Options for 
Local Economic Development 

P/Olt Declalon AJdlna Software 

MmltllQI/AplytlqalltdaDIAM• 
Dynamic Proarammtna 
Mo'lte Carlo Slmuladons 
Source Releue Assessment 
Bxposure Assessment 
Dose-Response 
Chemical Mus Balance Models 
Trajectory Models 
Oaussian Models 

Nole: With lb• tactpiOD of IMPLAN aad lb• Muylud lmpaol ModeUq Sy8"m. MCh of th• lbovt " profiled iD ,,,,, Cycu Ainu.,., A c°"""""""' of"°"""· Mllltotlolo1"1 tlltd Approt&Cltlll or 1' eo be iDOluded i1 lh• flail drift. 

Exhibit A-4 also lists modelina and analytical techniques that can be considered for 
performina the analysis. These are in addition to some of the qualitative techniques described 
in Section 3. Descriptions of some modelina and analytical techniques are presented below. 

Jaoamlc Pro@rammlDI · Dynamic proaramming is a multi-staae decision process where 
the outcome at one staae affects the results and decisions at the next staae. Bach stage represents 
a sub-problem or sub-process. Each sub-problem or sub-process, which may chanae from stage 
to stage. is a function of prior staae decisions. Together they comprise the overall problem to 
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be solved or the process to be analyzed. Dynamic proarammlna could be a useful tool in 
perf onnina a fuel-cycle assessment in that the process of various direct, indirect, and secondary 
impacts can be traced within each staae of the fuel cycle and throuah the pro,ression of the fuel 
cycle. 

The depth of dynamic proarammina applicadons is dependent on the boundaries established by 
the user. u well u the user's problem solvina capacity and data resource limitations. Dynamic 
proarammina allows for analysis throuah each phue of the fuel cycle. In addition, it allows for 
the calculation, estimation, or analysis of direct, indirect, and secondary fuel cycle effects and 
costs. Pinally. lntemal linkaaos can be developed (where deemed necessary by the user) to assess 
impacts of latter stqes on previous staaes. The dynamic proarammlna approach involves 5tveral 
different concepts, includlna the followina: 

• The process i1 broken up into a sequence of linked components or sub-processes 

• The approach is proaresaive. Por example, the input (or state variable) in each 
stqe of the process is a function of the system state upon transfer to that staae. 
And the system state la a function of the decision variable chosen from a ranae 
of altemadves durlna the previous staae •• then flowlna to the current staae. Thus 
a series of alternative inputs possible in one stqo are dependent on the inputs and 
outputs from the previous staae. 

• The transition function in the dynamic pro,rammina approach refers to the 
interconnectedness of the stqes and the calculation of the system state variable 
from one staae to the next. 

• The retum in each staae (or throuah the total process) la that result of the decision 
that the user desires to measure (i.e., profit, emissions. or jobs created). Typically, 
the object of the dynamic proarammina approach is to minimius or maximize the 
return in each staae. This requires that the optimal solution in each staae be 
determined for each possible input state value. The optimal return for each stage 
is stored for use in deftnina the overall optimal decision. 

There are numerous options, techniques, and applications that can be employed in developina a 
dyna.mic pro1rammln1 approach to fuel cycle assessment. Crucial to the dynamic proarammlna 
approach is the availability and intearlty of the data to be used for makina decisions within each 
staae. Each staae must have sufficient data to develop and implement an opdmization problem. 
Thus the inte&rity of the resultina input state value is a function of the validity of the data in 
previous sta1es. 

To a larae extent, the boundaries established for analysis will depend on the 1·vailability of 
acceptable data. 

A-5 



-------·--··· ·-- -·-

MMa Carlo SlmYIIIIADI - Monte Carlo simulation is a means of project analysis that 
allows the user to inspect all possible combinations of project variables and the entire distribution 
of project outcomes. Bach step or sta1e of the project or application is modeled with equations 
represendn& each variable and the interaction of variables within and acro.u staaes. Within each 
step. the expected forecast errors (or a range of probabilities) must be defined foa each outcome. 
Once the model has been constructed, the user can simulate all potential outcomes ... aiven the 
variable interdependencies and probablllty distributions. The probability of potential outcomes 
can then be calculated for each possible combination. 

Monte Carlo is a useful technique for assessina the range of possible outcomes occurrina throuah 
a fuel cyc'e. It is important because. by simulatina the entire ranae. it reflects the uncenalntles 
inherent in total fuel cycle analysis. While the model can be u flexible u the user desires •• 
incorporatlna comp;ex direct and indirect impacts throuah the fuel cycle •• the output is only u 
good II the loaic and data inputs used. 

IIUDI Rtrrst Aa-DI - Source/roleue usessment techniques are typically 
implemented to quantify (or eatimate) and aueu the incidental or accidental release of tox!c 
chemicals or other hazardous materlals. In developina a total fuel cycle analysis. this type of 
technique la used ~o detennine toxic releue, run-off, and similar fuel cycle impacts in the phases 
such II resource extracdon, proceuina, and transmission. Characteristics of this technique 
include 

• Monitorin1 to porfonn reaular or on1oln1 samplina of an ,vea near a risk source 
and quandfy or estimate hlffllful releuea. Data can then be used to estimate 
historic or cuJTent releases/emissions or extrapolate potential releues/emisslons 
from future activitles. 

• Accident investiaation and perfonnance testina to interpret the causes and 
aoquences of events after disruptions in a system. lnvestiaation and testina can 
be performed under controlled scenarios or conditions to predict expected 
outcomes for various situations. 

• Statistical methods are used to analyze previously collected data and estimate the 
likelihood of a particular accidental releue or hazardous event. 

• Ponnal models of source systems estimate releases. 

IPRIYD A-DJIDS · Exposure assessment techniques are also used in risk usessment. 
These estimate or directly rneuure the quantities or concentrations of risk aaents and any 
direct/indirect impacts realized by individuals. populations. or ecosystems. For example, in 
perfonnina a total fuel cycle analysis, exposure assessment techniques can be utilized to estimate 
the direct and indirect impacts usociated with emissions. Exposure assessments that focus on 
a sinale or speciftc set of risk aaents are difficult and costly to petform because of the mobility 
number risk aaents. exposure sources. and impacted receptors. Characteristics of exposure 
usessment techniques include 
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• Analogies with known information about other hazardous substances to indicate 
and assess the transport and fate of the hazardous substances under analysis 

• Exposure monitoring, such as personal monitoring or ambient monitoring, that will 
develop and assess samples for data development 

• Exposure modeling to simulate the behavior of risk agents in the environment. 
Some types of models include: atmospheric models, surface-water models, 
groundwater and unsaturated-zone models, multimedia models, and food chain 
models. 

Dose-Response -Dose-Response assessment involves 1) determining the dose of a risk 
agent received by exposed populations and 2) estimating the relationship between different doses 
and the magnitude of their adverse effects. Dose-response techniques can also be utilized to 
assess specific environmental, health, agricultural, and other impacts along each stage of the fuel 
cycle. The technique involves detennining the dose, estimating the response, and then 
extrapolating the data to develop dose-response curves for selected populations. 

Risk characterization then takes the results of the above analyses to develop risk probabilities for 
individuals or populations. The depth of analysis (i.e., the extent of the fuel cycle analyzed or 
the level of direct and indirect impacts and internal linkages) to be performed through these 
procedures is dependent on the user's specific objectives and his/her ability to develop the 
necessary data and implement effective assessment processes. 

Inherent in these risk assessment procedures are the costs and difficulties in developing accurate 
data. Uncertainty of specific data elements can be analyzed by using sensitivity analysis or tests 
of statistical significance. Uncertainty lS typically expressed by using probability distributions, 
confidence intervals, or worst-case/best-case scenarios. 

Chemical Mass Balance Models - The chemical element signature of specific emission 
sources can be used to trace the relative contribution of each source type to the particulate matter 
measured in an ambient aerosol. The chemical mass balance method is based on the supposition 
that the observed concentration profile is made up of a linear combination of individual unique 
source profiles, each profile consisting of the relative composition of many chemical species. 
In order to apply the mass balance method, two data sets are required: air quality measurements, 
and chemically speciated source profiles. 

Tralectoty Models · There are several trajectory models available on today's market. 
These models are based on the atmospheric diffusion equation, but use a moving-coordinate 
approach to describe pollutant transport. In these models, a hypothetical column of air is defined 
that is bounded on the bottom by the ground and on the top by an inversion base and that varies 
with time. After specifying a starting point, the column moves under the influence of prevailing 
winds and passes over emission sources (inject pollutant species). Chemical reactions may be 
stimulated in the column. 
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Some assumptions made in trajectory models tend to limit their utility. For example, some 
models consider only a single column of air, neglecting the horizontal diffusion of pollutants. 
This assumption is most serious in a case where the air column passes near, btJt not over large 
emission sources. The neglect of horizontal diffusion will result in missing the effects of these 
sources. 

Another assumption that may limit model utility is that the column retains its vertical shape as 
it is advected by prevailing winds; thus, the mean wind velocity is constant with height (wind 
shear). If a large fraction of the emissions inventory is via large-point source~ or if wind patterns 
display shear, the neglect of wind shear effects can seriously impair the reliability of trajectory 
model results. 

Gauaian Models - Gaussian models are the most widely used models in the regulatory 
community. Typically, all inert pollutants are considered and predicted for a one-hour average 
time period. Nonnal distributions of pollutants in horizontal and vertical directions is assumed. 
Sources and receptors analyzed are assumed to be located in either flat or gently rolling terrain 
and unif onn windflow is restricted to the horizontal direction. Other assumptions include 

• There is no wind sheer. 
• Sources are continuous and non-varying. 
• Atmospheric stability conditions are invariant with height. 
• Dispersion coefficients were derived from studies in flat terrain. 
• Perfect reflection occurs if the plume intersects the ground surf ace. 
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