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ABSTRACT 

The proposed action for this EIS is to select the site for construction 
and operation of the Superconducting Super Collider (SSC) project, which 
would be the largest scientific instrument ever to be built. The SSC 
would be a laboratory facility designed to investigate the basic struc
ture of matter. It would be a proton accelerator capable of accelerat
ing two beams of protons to an energy of 20 trillion electron volts. 

The EIS assesses and compares the environmental impacts of the proposed 
construction and operation of the SSC at each of seven site alternatives. 
The no-action alternative (continued use of existing accelerators in the 
U.S. and existing and new accelerators in other countries) is also 
evaluated. In addition, four technical alternatives and several pro
grammatic alternatives are discussed .. 

The main feature of the proposed SSC would be a 53-mile-long oval 
tunnel, which would contain circulating beams of protons within two 
rings of superconducting magnets. The SSC would have laboratory 
facilities housed in a campus area, as well as various access and 
service areas. 

This EIS provides as much information as possible at this stage of the 
project development regarding the potential environmental impacts of the 
proposed construction and operation of an SSC at each of the site 
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alternatives. However, the DOE recognizes that further review under the 
National Environmental Policy Act (NEPA) is required prior to construc
tion and operation of the proposed SSC project at the selected site 
based on more detailed design and to identify specific mitigation mea
sures which can be incorporated into final design. Accordingly, follow
ing selection of a site for the proposed SSC, the DOE will prepare a 
Supplemental EIS to address in more detail the impacts of constructing 
and operating the proposed SSC at the selected site and alternatives for 
mitigating those impacts. 

To measure the effects of constructing the SSC at any of the seven 
alternative sites, the DOE determined which aspects of the human envi-· 
ronment would be significantly affected. The EIS describes the baseline 
conditions at.each of the seven site alternatives, the trends underway 
resulting in changes, the potential environmental impacts expected if 
the SSC were sited, possible mitigations of adverse impacts, and result
ing residual adverse impacts. 

1CHP1A336882 EIS Volume I 



VOLUME I 

Foreword 

Chapter 1 

Chapter 2 

Chapter 3 

Chapter 4 

Chapter 5 

TABLE OF CONTENTS 

SUPERCONDUCTING SUPER COLLIDER 

FINAL ENVIRONMENTAL IMPACT STATEMENT 

ENVIRONMENTAL IMPACT STATEMENT 

Summary 

Purpose and Need for Acti -----· 
Proposed Action a 

Affected Environment 

ternatives 

Environmental Consequences During the Life 
of the Project and Mitigative Measures 

Contents i 

Chapter 6 

Chapter 7 

Chapter 8 

Chapter 9 

Federal Permits, Licenses, and Other Entitlements 

Glossary 

VOLUME II 

Preparers and Reviewers 

Distribution 

Principal References 

COMMENT/RESPONSE DOCUMENT (Under Separate Covers) 

Summary and Index 

IIA Comments 

IIA.l Letters 
IIA.2 Transcripts 

JIB Responses 

VOLUME III METHODOLOGY FOR SITE SELECTION (Under Separate Cover) 

VOLUME IV APPENDICES (Under Separate Covers) 

Appendix l Engineering Description/Implementation at Site Alternatives 
(see DEIS plus Errata and Revisions to the DEIS) 

1CHPIA336883 EIS Volume [ Chapter 1 



VOLUME I 

Appendix 2 

Appendix 3 

Appendix 4 

Appendix 5 

Appendix 6 

Appendix 7 

Appendix 8 

Appendix 9 

Appendix 10 

Appendix 11 

Appendix 12 

Appendix 13 

Appendix 14 

Appendix 15 

Appendix 16 

• 
ll CtlPilA336884 

TABLE OF CONTENTS (Cont) 

SUPERCONDUCTING SUPER COLLI.DER 

FINAL ENVIRONMENTAL IMPACT STATEMENT 

APPENDICES (Cont) 

Contents ii 

for Implementation at Site Alternattves 

Decommission Plan '( s e-e DflS} 
'--- . 

Land Acquisition Plbls.-:{see DHS plus Errata and 
Revisions to the DEIS) 

Affected Environments at Site Alternatives (see DEIS. 
plus 'Errata to the 'DElS) 

Earth Resources Assessments (see DEIS plus Errata and 
Revisions to the DEIS) 

Water Resources Assessments ·(Revision) 

Air Quality Assessments (Revision) 

Noise and Vibration A~sessments (see DEIS plus Errata and 
Revisions to the DEIS) 

Waste Disposition and Source Terms Assessments (see DEIS 
plus Errata and Revis.ions to the DEIS) 

Ecological Resources Assessments (Revis.ion) 

Health Impacts Assessments (see DEIS .plus Errata and 
Revisions to the DEIS) 

Land Resources Assessments (see DEIS plus Errata and 
Revisions to the DEIS) 

Socioeconomics and Infrastructure Assessments (see DEIS 
plus Errata and Revisions to the DEIS) 

Cultural and Paleontological Resources Assessments 
(see DEIS plus Errata and Revisions to the DEIS) 

Scenic and Visual Resources Assessments (see DEIS plus 
Errata and Revisions to the DEIS,) 

EIS Volume I Chapter I 



Foreword - 1 

OVERVIEW 

This Environmental Impact Statement (EIS) analyzes the environmental 
impacts of the proposed SSC project, which would be the largest 
scientific instrument ever constructed. The SSC would be used to gain a 
better understanding of the fundamental structure of matter. 

The EIS considers the impacts projected to occur if the SSC were to be 
sited at one of seven alternative locations. These impacts are measured 
against the impacts expected to occur ff the SSC were not built; this is 
called the no-action alternative. The site alternative located in Texas 
has been selected as the preferred site. The final decision on the loca
tion of the facility will be announced in the Record of Decision (ROD) 
scheduled to be hsued in January 1989. Prior to construction and 
operation of the proposed SSC project, the DOE will prepare a supplement 
to this EIS to address in more detail the environmental impacts at the 
selected site, and the alternatives for mitigating those impacts. 

BACKGROUND 

Research and development for the SSC project have been conducted as a 
national scientific effort under the guidance of the Central Design 
Group (COG), an organizational entity of Universities Research Associa
tion, Inc. The Reference Design Study, completed in March 1984, estab-
1 ished the basis for design of the SSC. The CDG completed the Concep
tual Design Report (CDR) in 1986, which led to the conclusion that the 
SSC was technically feasible and that cost and schedule estimates were 
acceptable. In January 1987, the President proposed construction of the 
SSC to the Congress. Construction of the proposed SSC fs anticipated to 
cost $4.4 billion (fiscal year 1988 dollars) and would be completed 
during the mid-1990's. 

The major feature of the proposed SSC would be .a racetrack-shaped tunnel 
about 53 mi in circumference. Two beams of protons (subatomic 
particles) would be accelerated in opposite directions to energies 20 
times higher than f s now possible at any other accelerator in the world. 
They would then be made to collide at an energy level of 40 trfl lion 
electron volts (TeV). - The tunnel would be constructed with its center
line at least 35 ft underground. Service areas would be located approx
imately every 5 mi, and access shafts would be located midway between 
each service area. 

The proposed SSC would be expected to remain in operation for 25 to 30 
years after construction. After completion of fts useful life, the SSC 
would be decommissioned. Underground facflftfes would be sealed and 
above-ground facilities removed where appropriate. Additional review, 
in accordance with the National Environmental Policy Act (NEPA), would 
be completed prior to a deci.sion on decommissioning. 
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Foreword - 2 

ALTERNATIVE SITES CONSIDERED 

On April 1, 1987, the DOE issued an Invitation for Site Proposals {ISP) 
for the proposed SSC. In response, 43 proposals were received and 
reviewed by the DOE; of these, 36 were further evaluated by the National 
Academy of Sciences and the National Academy of Engineering (NAS/NAE). 
Based .upon criteria listed in the ISP, design details of the proposals, 
and specific characteristics of the sites, the NAS/NAE recommended to 
the DOE a best qualified list (BQL) of sites to be considered further. 
These sites were presented to the DOE on December 24, 1987. ·One of the 
recommended BQL sites was subsequently withdrawn by the proposing 
organization. Following a review and validation of the NAS/NAE recom
mendation, the BQL was accepted by the DOE and announced on January 19, 
1988. The proposals for these seven sites, as provided in response to 
th.e ISP (modified in some cases by certain design considerations), form 
the seven S·ite alternatives consi.dered in this EIS. 

SELECTION QF THE PREFERRED SITE 

Following announcement of the BQL in January 1988, the DOE began a 
detailed evaluation of the BQL proposals. Site visits were conducted to 
each BQL site between April and July 1988. Following all site visits, 
the DOE reviewed all site data, including those assembled for the £IS, 
public and agency comments on the Draft EIS, and the life-cycle cost 
analyses prepared for .each site. The i"esults of the DOE evaluations of 
technical criter'ia and cost considerations were published in "SSC Site 
Eva.luations - A Report by the SSC Site Task Force" (DOE/ER-0392, 
November 1988~. The selection of the preferred site, the Texas site 
alternative, was announced by the DOE on November 10, 1988. 

PREVIOUS PUBLIC PARTICIPATION 

The pubHc was first noltified of the DOE's intent to prepare an EIS on 
the proposed SSC project through the Advance Notice of Intent (52 FR 
16304, May 4, 1987). The Advance Notice requested comments on the scope 
of the EIS to be prepared and on the content of the EIS. Nine letters 
were received in response to the Advance Notice; six were requests for 
copies of the document and three were comments on the EIS content. The 
Advance Notice was followed by the Notice of Intent (53 FR 1821, January 
22, 1988) which again asked for public .comments on the scope and content 
of the EIS. In addition, scoping meetings were held in the vicinity of 
each of the BQL sites. The DOE received approximately 2,100 letters 
which provided comments on the scope of the EIS. Comments given at each 
of the scoping meetings were documented through written transcripts of 
the meetings. The DOE has considered these written and oral comments in 
the preparation of this EIS. 

The DOE issued the Draft EIS (DEIS) in August, 1938, fo.llowed by the 
publication of the Notice of Availability (53 FR 34148) by the 
En vi ronmenta1 Protect ion Agency (EPA) on September 2, 1988. The Notlce 
of Availability requer.ted comments on the Draft EIS. In addition, 
public hearings were held in the vicinity of each of the BQL sites. 
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Foreword - 3 

Responses to comments received until October 17; 1988 (45 days after 'the 
publication of the Notice of Availability) are provided in Volume JIB. 
Comments rece.ived after October 17 were reviewed in detail, but no 
individual responses were developed. It was determined that none of the 
late comments addressed new issues not covered by previous comments, nor 
would they result in a change to the conclusions .reached in the EIS. 
The DOE received written and oral statements from approximately 5,700 
commenters including letters, petitions, and testimony from public 
hearings on the Draft EIS. The DOE has considered these written and 
oral comments in the preparation .of this Final EIS. 

HOW TO USE THIS DOCUMENT 

This Final EIS includes: 

Volume I - Revision of the Draft EIS 

Volume II - Comment/Response Document - Index and Summary 
Volume IIA.l - letters 
Volume IIA.2 - Transcripts 
Volume 118 - Responses 

Volume Ill - Methodology for Site Selection 
- Chapters I and 2 - Revfsion of the Draft EIS 
- Chapter 3 - SSC Site Evaluations 

Volume IV - DEIS Appendices 1-6, 9, IO, 12-16 
- Errata and Revisions for Appendices I, 4, 6, 9, 

10, 12-16 (to .the DEIS) 
- Appendix 5 Errata (to the DEIS) 
- Appendix 7 - Revision 
- Appendix 8 - Revision 
- Appendix 11 - Revision 

Commenters should refer to Volume II - Index arid Summary to locate their 
comment response number. Comment responses are in Volume JIB. 

For the convenience of interested persons and organizations, copies of 
the EIS have been provided to libraries and reading rooms throughout the 
country. The DOE reading rooms and selected 1 ibraries in the seven 
states where the site alternatives are located are: 

DOE Reading Rooms 

U.S. Department of Energy library, Room GA-138, U.S. DOE, Forrestal 
Building, 1000 Independence Avenue, SW, Washington, D.C. 20585 

Public Reading Room, Chicago Operations Office, 9800 South Cass Avenue, 
Argonne, IL 60439 

Public Reading Room, Oak Ridge Operations Office, Federal Building, 
P.O. Box E, Oak Ridge, TN 37831 
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Foreword - 4 

Public Libraries 

Arizona 

Noble Science and Engineering Library, Arizona State University, 
Tempe, AZ 85287-1506 

Phoenix Public Library, 12 E. McDowell Road, Phoenix, AZ 85004 

Coloradq 

Fort Morgan Public Library, 414 Main Street, Fort Morgan, CO 80701 

East Morgan County Library, 500 Clayton Street, Brush, CO 80723 

Illinois 

Illinois SSC Project Office, c/o Illinois State Water Survey, 
101 North Island Avenue, Batavia, IL 60510 

Aurora Public Library, 1 East Benton Street, Aurora, IL 60506 

St. Charles Public Library, 1 South 6th Avenue, St. Charles, IL 60174 

Kaneville Township Library, c/o Kaneville Civic Center, P.O. Box 5, 
Main Street and Harter Road, Kaneville, IL 60144 

West Chicago Public Library, 332 East Washington Street, West 
Chicago, IL 60185 

Michigan 

Ingham County Library System, Library Service Center, 407 North 
Cedar Street, Mason, MI 48854 · 

Jackson Di strict Library System, 244 West Michigan Avenue, Jackson, 
MI 49201 

North Carolina 

Richard H. Thorton Library, Spring and Main Street, Oxford, NC 27565 

Durham County library, 300 N. Roxboro Street, Durham, NC 27701 

Roxboro Library, 307 South Main Street, Roxboro, NC 27573 
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Foreword - 5 

Tennessee 

Linebaugh Public Library, 110 West College, Murfreesboro, TN 37130 

Tennessee Department of Economic and Community Development library, 
320 6th Avenue North, 8th Floor, Rachel Jackson Building, Nashville, TN 
37219-5308 

Sims Library, 515 West Main Street, Waxahachie, TX 75665 

Ennis Public Library, 501 West Ennis Avenue, Ennis, TX 75119 

REQUESTS FOR COPIES 

The DOE will furnish a copy of the EIS or any appendix upon request. 
Requests for an appendix should specify the title of the volume 
requested (see· Table of Contents of this volume for a list of the 
appendices). Telephone requests for copies of the EIS will be accepted 
at (301) 353-6570. Please submit requests to Dr. Wilmot Hess at the 
following address: 

Dr. Wilmot Hess, Chairman 
SSC Site Task Force 
ER-65/GTN 
Office of Energy Research 
U.S. Department of Energy 
Washington, D.C. 20545 

Requests should be marked either "Attn: SSC EIS Request" or "Attn: SSC 
EIS Appendices Request". 

FINAL ENVIRONMENTAL IMPACT STATEMENT 

The text of Volume I, Volume II, Volume Iii, and Volume IV Appendices 7, 
8, and 11 have been printed in their entirety. All other appendices in 
th"' Draft EIS should be retained as part of this final document. 

Ti<i'> rinal (!S contalns revisions and additions to the text of the Draft 
US, ba:rA upon agency and public comme:its recrivO?d. Comments on the 
Dr<ift u::; are printed in Volume II of this Final EIS; Additionally, 
Vnlu.11e lI presents the DOE' s responses to the comments received. This 
fine·, US identifies the DOE's preferred site. The DOE's final 
de;:i<~on, and the rationale for its choice, will be documented in the 
FOO. . 

The ROD wi 11 b~ issued at least 30 days after publication of this Final 
El$ The ROD is scheduled for corr:pletion in January 1989. 
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CHAPTER 1 SUMMARY 

• 1.1 OVERVIEW 

The Department of Energy (DOE) has proposed the Superconducting Super 
Coll ider (SSC), a state-of-the-art 1 aboratory facility in the United 
States for the study of high energy physics. The proposed SSC would be 
the largest scientific instrument ever built. 

This Environmental Impact Statement (EIS) analyzes the potential effects 
to the human environment of the construction and operations of the pro
posed SSC at any one of seven site alternatives and analyzes other 
alternatives to the proposed action. A preliminary evaluation of future 
expansion areas and of SSC decommissioning are included in the document. 
Prior to construction and operation of the SSC, the DOE will prepare a 
supplement to this EIS to address in more detail the environmental 
impacts and mitigations at the selected site. This chapter summarizes 
the information contained in this EIS. 

The basic purpose of the SSC is to gain a better understanding of the 
fundamental structure of matter. 

This machine would be capable of accelerating two beams of subatomic 
particles (protons) to an energy of 20 TeV (trillion electron volts). 
The two beams would then be made to collide, and the results of these 
collisions (at 40 TeV) wo1tld be studied by scientists. The SSC could 
create particle collisions at energies 20 times higher than can be 
achieved at existing accelerators. This means that the SSC could probe 
the properties of matter at di stances 20 times sma 11 er than can now be 
done using existing and planned particle accelerators. The SSC would 
provide the United States with the capability of maintaining its world 
leadership in the field of high energy physics. 

The SSC is expected to result in other benefits as well. Besides pro
viding scientific data, the SSC could be a source of spin-off technology 
having ,applications in other fields. Within the past ten years, the 
technology developed for high energy physics has made new products pos
sible, including equipment used for medical diagnostics and therapy, 
improved computer components, and new superconducting magnet materials. 

Projecting to the future, discoveries resulting from the SSC may lead to 
benefits that are currently impossible to envision. Looking back in 
time, one sees that research in subatomic physics over the last 80 years 
was essential to the development of technology comprising a significant 
portion of our current gross national product, including portions of 
such important industries as communications, consumer electronics, and 
computers. On a broader scale, the wonder and excitement resulting from 
discoveries due to the SSC may provide inspiration for young people to 
enter careers in science and engineering. This atmosphere would 
contribute to maintaining America's economic competitiveness in an 
increasingly technological world. 
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1.2 PROPOSED ACTION AND ALTERNATIVES 

The proposed action is the SSC project. The main feature of the SSC 
would be a 53-mi-circumference oval accelerator tunnel located at least 
30 ft underground. The SSC would also have laboratory facilities housed 
in a campus area and various tunnel access and accelerator service 
structures located on the surface. 

Four different types of alternatives to the proposed action have been 
considered in this EIS. 

o Site alternatives - seven locations have been analyzed in the 
EIS. These are: 

Arizona - approximately 30 mi southwest of Phoenix in 
Maricopa County. 

Colorado - approximately 65 mi northeast of Denver in 
Adams, Morgan, and Washington Counties. 

Illinois - approximately 40 mi west of Chicago in Kane, 
DuPage, and Kendall Counties. 

Michigan - approximately 35 mi northwest of Ann Arbor in 
Ingham and Jackson Counties. 

North Carolina - approximately 15 mi north of Durham in 
Person, Granville, and Durham Counties. 

Tennessee - approximately 30 mi southeast of Nashville in 
Bedford, Marshall, Rutherford, and Williamson Counties. 

, Texas - approximately 25 mi south of Dallas and 35 mi 
southeast of Fort Worth in Ellis County. 

o Technical alternatives - the EIS addresses the possibility of 
using different technology, equipment, or building configura
tion for the SSC. 

o Programmatic a,lternatives - the EIS discusses the possibili
ties of using other accelerators, international collaboration, 
and delaying the project. 

o No-action alternative - the EIS examines the option 'not to 
construct the SSC, not affecting current environmental con
ditions and trends at the seven site alternatives. 

1.3 AFFECTED ENVIRONMENT 

To measure the effects of the SSC at any of the seven site alternatives, 
the DOE determined which aspects of the human environment would be 
significantly affected. The EIS describes the baseline conditions at 
each of the sites and trends for changes projected to occur whether or 
not the SSC is built at each of the sites. 
1CHPIB335883 EIS Volume I Chapter l 
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1.4 ENVIRONMENTAL. CONSEQUENCES 

The EIS identifies and analyzes the potential environmental impacts 
expected to occur from the siting of the SSC at the seven site alter
natives. The future use areas within the proposed land to be acquired 
ar,e evaluated based on preliminary information. concerning their poten
tial development. After completion of its useful life, the SSC would be 
decommissioned. A Supplemental EIS, in accordance with the National 
Environmental Policy Act (NEPA}, will be completed following site 
selection, prior to construction and operation of the SSC based on more 
detailed design and to idl!lltffy specific mitigation measures which can 
be incorporated·into the final design. The Supplemental EIS will 
address in more detail the environmental impacts at the selected site 
and the alternatives for mitigating those impacts. Prior to a decision 
to develop the future use areas, or to dec011111ission the SSC, further 
NEPA review would be completed. This EIS contains an assessment of 
construction, operations, and decommissioning activities. 

Residual impacts identified in the EIS are those projected to occur if 
the proposed action, together with proposed mitigation measures, were 
implemented at any of the sites. In some cases, it might be possible to 
further mitigate these residual impacts through modifications to the 
final site design. These final site design and resulting mitigation 
measures will be identified and analyzed in the Supplemental EIS. 

If the SSC were built, certain environmental impacts would occur regard
less of which site were chosen for the SSC. Construction of the facility 
would consume appreciable quantities of building material, primarily 
cement. Except for portions of the Arizona. and 11 l i noi s sites that are 
already public land, land used for the SSC would pass from private or 
state ownership to the Federal Government. Operation of the SSC would 
require a continua] supply of natural and depletable resources, including 
electric power an.d water. ,... 
The SSC would also have beneficial impacts at any of the site alterna
tives. Many job opportunities would be created, during both construc
tion and operations; local businesses would also benefit. The SSC is 
expected to have a beneficial impact on community, socioeconomic, and 
educational services. These benefits have been previously experienced 
at Fermilab, a national accelerator facility in Illinois where there has 
been an influx of highly trained scientists, as well as at the Stanford 
linear Accelerator Center (SLAC) in California, Brookhaven National 
laboratory in New York, and other high energy physics research facilities. 

Over the long term, the state in which the SSC is constructed would gain 
economically from the presence of the SSC. However, at some locations a 

· short-term economic stress would occur initially, dur.ing early construc
tion, as lands are removed from the local tax base and the communities 
accommodate additional infrastructure impacts such as increased vehicular 
traffic, increased attendance at local schools, or increased wastewater 
treatment needs. 

Table 1-1 summarizes and compares major environmental impacts from the 
SSC at each of the seven site alternatives.· 
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Table 1-1 (Cont) 

UNMITIGABLE ENVIRONMENTAL IMPACTS OF CONSTRUCTING AND OPERATING 
THE SSC AT THE SITE ALTERNATIVES 

Impacts Arizona Colorado lll lnols Michigan 
North 
Carolina Tennessee Texas 

Infr~structure 

!. 

z. 

3. 

4. 

Roads 

Mllel.of new 
road 

Electric P""er 

Hiles of new 
power 1 i.ne to 
SSC subs tat ions 

60 94 

41 99 

8 10 39 13 31 

2 6 4 3Z 5 

The maximum acreage of wetlands that would be impacted during construction of the surface facilities for the proposed action. Wetlands 
occurring within Area C, the J sites, and Kl and K4 are not considered because they are proposed future expansion areas and may not be 
developed (see Section 3.7.3). 

An approximate total based on the sum of peal: 1ftr direct SSC employment and peal: 1ftr Indirect Jobs which would be created due to the 
presence of the SSC. 

The region of Influence to which the nlll1ber of jobs .ts campared Is defined In Chapter 5 

For Arizona: Based on the alternate road pl.an developed by the DOE for Arizona, as discussed.In Chapter 3, Section 3.4.l. The road plan 
proposed by the State of Arizona (101 ml of· new road) Included construction of the Estrella Freeway fr<:m Goodyear to l-8. 

"' ·c 

! 
~ -' <J'I 



Summary 1-6 

1.5 FEDERAL PERMITS, LICENSES, AND OTHER ENTITLEMENTS 

The DOE has examined specific Federal permits, licenses, and other 
entitlements. that may be needed to construct and operate the SSC at 
each of the seven proposed sites. These would vary based on resource 
needs at the different sites. 

Regardless of where it is sited, the SSC would produce very small 
amounts of radionuclides, a small fraction of which would be released to 
the environment. In addition, very small releases of other types of 
hazardous emissions would occur. Under the National Emission Standards 
for Hazardous Air Pollutants [40 CFR 61], the DOE would be required to 
obtain Environmental Protection.Agency (EPA) approval to construct and 
operate the ssc; 
1.6 PUBLIC PARTICIPATION 

The publ it was invited to provide comments and attend publ it meetings as 
part of the scoping process on the Draft EIS (DEIS). The public was 
asked to review the DEIS and provide co11111ents during a.45-day public 
comment period. The Final £IS (FEIS) incorporates changes. made in 
response to comments received through letters and transcripts from the 
meetings. The comments and responses are also included in the FEIS. 

1.7 CHANGES IN THE FINAL EIS FROM THE DRAFT EIS 

There were changes mad.e in the EIS (compared to the draft document) 
which resulted from public, state proposer, and agency comments noting 
errors or omissions in the draft and providing information which clari
fied, expanded, or supplemented information used as the basis of DOE's 
independent assessment of environmental impacts. Wetlands assessments 
were refined using data from DOE field surveys completed after publica
tion of the DEIS. Air quality assessments were also revised based on 
EPA comments. Throughout the analysis, increased emphasis has been 
placed on mitigation alternatives and alternatives of the proposed 
action. Issues to be addressed in the Supplemental EIS have been added 
or further defined. The paragraphs below identify changes in the EIS. 
These are not ordered in any priority since none changed the conclusions 
of the EIS. 

1.7.l Relocations 

The number of relocations reported in the FUS has changed from the 
DEIS. These changes resulted from DOE site visits and supplemental 
information pro\/ided at the prcposing states based on additional surveys 
and evaluations conducted after the date information was provided for 
the DEIS (essentially March 15, 1983, submittals from proposing organ
izations). See this Volume I, Chapter 3, Section 3.1, and Volume IV, 
Appendix 4 which provide analyses. 
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1.7.2 ·flexibility of Design and Site Alternatives 

A discussion of the flexibility of the conceptual design and the site 
adapted conceptual design (site flexibility) is provided ·in Chapter 3, 
Section 3.6.1. This section provides a discussion of the use of design 
and site flexi.bilities as mitigations. The DOE believes that the most 
efficient and cost effective mitigation of many potential impacts will 
be avoidance. This information is provided to .enhance the discussion of 
mitigation possibilities (Chapter 3, Section 3.6.1), costs (Chapter 3, 
Section 3.6.2), and impacts (Chapter 3, Section 3.6.6) in response to 
public comment. 

The estimates of acreages permanently and temporarily disturbed were 
refined based on more detailed engineering analysis of the surface 
facilities of the SSC (Chapter 3, Table 3-2). 

1.7.3 Impacts of Future Expansion 

Although the DEIS identified future expansion areas (area C, J areas, K3 
and K4) there was no discussion of their potential impacts. Such 
impacts are anticipated to be similar but smaller in scale than those 
caused by proposed construction and operations of the SSC. A discussion 
of potential development of the future use areas and associated impacts 
has been added to the Final EIS (see Chapter 3, Sections 3.1.5 and 

.. 3.7.3). 

1.7.4 Secondary Impacts of Ancillary Facilities 

The secondary impacts of the ancillary facilities which would likely be 
developed by the host state were not discussed in the DEIS. These dis
cussions have been added (see Chapter 3, Section 3.7.2 and Chapter 5, 
Section 5.2.13) to the FEIS to assure consideration of potential 
cumulative impacts. 

1.7.5 Earth Resources Impacts 

The discussion of earth resources has been expanded to include supple
mental information provided by the State of Tennessee on karst features 
in the area of the proposed Tennessee site (see Chapter 5, Section 5.1.l 
and Volume IV, Appen~ices 5 and 11). 

1.7.6· Water Resource Impacts 

The discussion of water resources impacts has been expanded by inclusion 
of additional information provided by agencies, municipalities, and 
utilities (see Chapter 5, Section 5.1.2). These enhancements include: 

o Water supply - more detailed information regarding sources and 
proportions which are furnished by groundwater and surface 
water; verification of the reliability of water 
supply/sources. · 
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o Floodplain assessment - additional information including maps 
of floodplains is provided, coupled with a more detailed 
evaluation of the State-proposed adaptations of surface facil
ities and their potential for providing mitigation. 

o Water quality - indirect impacts of the SSC on water quality 
have been more thoroughly evaluated, especially with respect 
to the potential sedimentation of surface waters from 
temporary storage or permanent disposal of spoils from the 
tunneling. 

o Wells - the number of wells potentially affected· was reesti
mated based on additional input from site proposers and the 
reevaluation of design flexibility; the estimates of number of 
wells that could require relocation or substitution were 
revised downward. 

1.7.7 Air Quality 

There were many c011111ents on the air quality analysis presented in the 
DEIS. The analysis presented in the DEIS overstated the i.mpacts to air• 
quality. Impacts, realistically, would largely be very localized near 
tunnel egress points and along spoils hauling routes (see Chapter 5, 
Section 5.1.3). In addition, a major reduction in projected air 
emissions was achieved by assuming use of chemical dust suppressants. 
The following changes have been made in the FEIS: 

o Prevention of Significant Deterioration requirements for the 
SSC have been added to the discussion. 

o Vehicle emissions have been analyzed and presented in the same 
units as those of stati(lnary sources. 

o Potential total suspended particulates exceedences are more 
realistically evaluated and additional mitigations identified. 

o The apparent exceedences of carbon monoxide at several sites 
are largely due to the use of data from metropolitan area 
stations, lacking site-specific information; it is probable no 
carbon monoxide exceedences would occur in association with 
SSC construction and operations at any of the site 
alternatives. This explanation is added to the discussion. 

1.7.8 Noise Analysis 

One of the changes made is the presentation of data with reference to 
residences, hospitals, schools, and other local areas in.which people 
could be annoyed by noise from the service areas and from general 
construction operations. The use of the term "human receptor" was 
eliminated. Using aerial photography and estimates of populations in 
the local areas of the proposed site, noise levels were more carefully 
evaluated in the FEIS (see Chapter 5, Section 5.1.4). 
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1.7.9 Ecological Resources 

In the areas of wetlands and threatened and endangered species popula
tions, additional data were made available following publication of the 
DEIS. The DOE conducted site surveys of wetlands at all sites except 
Arizona, where none were present. These surveys focused on refining 
acreages associated with proposed surface facilities and evaluation of 
the quality of the existing wetlands. Surveys of potentially threatened 
and endangered species in the areas of the proposed sites were conducted 
by the DOE, by State agencies, and by cooperating Federal agencies (see 
Chapter 5, Section 5.1.5 and the discussion and references in Volume IV, 
Appendix 11). 

In addition to these additional data, errata to the wetiands acreages 
were prepared for the FEIS. In Michigan, acreage reported as wetlands 
in the proposed fee simple areas actually were acreages of wetlands on 
the surface of the entire proposed ring configuration. This error 
implied a level of significant impact to wetlands in Michigan which 
would not occur if the SSC were constructed at the proposed site. 

A discusston of the cave ecosystem in the Snail Shell Cave and surround
. ing underground areas was added in Chapter 4, Section 4.7 in response to 
supplemental information provided by the State of Tennessee. Potential 
impacts to this system are discussed in Chapter 5, Section 5.1.5 and 
Volume IV, Appendix 11. 

Finally, a discussion of fire ants and the associated hazards to engi
neered systems and public health was added to the discussion of the 
impacts in Texas (see Chapter 5, Sections 5.1.5 and 5.1.6 and Volume IV, 
Appendices 11 and 12). 

1.7.10 Health Impacts 

The discussion of Valley Fever in the proposed Arizona site was expanded 
to include more detail (see Chapter 5, Section 5.1.6 and Volume IV, 
Appendix 12) in response to public comment on the brevity of the DEIS 
discussion. 

1.7.11 Land Resources 

The acreage of prime farmlands ·and important farmlands disturbed tempo
rarily (during construction) or permanently was recalculated using 
refined engineering estimates of acreage requirements for surface facil· 
ities and construction support areas. These acreages were also verified 
using Soil Conservation Service evaluations for each of the site alter
natives (see Chapter 5, Section 5.1.7 and Volume IV, Append)x 13.2). 

1.8 IDENTIFICATION OF THE PREFERRED SITE 

The evaluation by the Site Task Force {STF) was conducted in compliance 
with applicable Government procurement procedures. The STF considered 
the proposals in accordance with. the evaluation criteria set forth in 
the Invitation for Site Proposals •. 
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After the presentation by the STF to the Secretary of Energy and to the 
Energy System Acquisition Advisory Board, the Secretary solicited the 
views of the Board and other appropriate senior DOE staff. The Secre
tary reviewed the SSC DEIS and a summary of the public comments on the 
DEIS. The Secretary also heard a presentation by representatives of 
each state proposing a site on the best qualified list (the seven site 
alternatives). 

Consistent with the requirements of NEPA and regulations implementing 
that Act, the Secretary, on November 10, selected the preferred site for 
the SSC. A decision on site selection will be made no sooner than 
30 days after publication of the FEIS. The FEIS, as well as the other 
available information, will form the basis of the DOE's Record of 
Decision. The preferred location for the SSC is the site proposed by 
the State of Texas. ' 

1.9 SUMMARY OF COMMENTS AND RESPONSES 

Following the close of the public comment process on October 17, 1988, 
comments were analyzed for their possible effects on the FEIS, and indi
vidual responses were prepared. Volume IIA contains copies of all 
written and oral comments. A total of approximately 5,700 commenters 
provided about 7,000 comments. Volume llB contains the DOE's responses 
to these publlc colllllents. Comments received after October 17, 1988, 
were reviewed in detail but no individual responses were developed. 
None of the late comments addressed issues not already identified in 
other comments received or resulted in a change to the EIS. The six 
categories that received the most comments were: socioeconomics and 
tnfrastructure, water resources, ecological resources, policy issues, 
combined land acquisition and land resources, and radiation and health 
impacts. 
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. CHAPTER 2 PURPOSE AND NEED FOR ACTION 

2.1 PURPOSE OF THE SSC 

The underlying pltl'pose of the proposed action is to understand the basic 
structure of matter at a new, more fundamental level than is presently 
possible. The scientific instrument required to accomplish this exten
sion of knowledge is a high energy accelerator that is more powerful, 
and consequently larger, than any now in existence. 

The proposed action is the Superconducting Super Collider (SSC), proj-· 
ect., Specifically, the proposed SSC accelerator would be a proton
proton collider, consisting of two rings of superconducting magnets in 
an underground tunnel, an associated proton injection system, four 
experimental halls, and necessary support buildings and facilities. In 

. this collider, beams of protons would be accelerated to an energy level 
of 20 TeV moving in opposite directions in each of the two rings and 
made to collide at specific points in the experimental halls. Under 
carefully controlled conditions,' scientists would be able to extract and 
derive new information by studying the results of these collisions. 

2.2 HEED FOR THE SSC 

2.2.l Scientific Need 

There is a scientific need for an understanding of nature and physical 
processes. From earliest times, people have sought to understand the 
physical world. Much of the knowledge gained regarding physical phe
nomena in recent years·has been achieved through the use of high energy 
accelerators. The ever·larger and more powerful particle accelerators 
developed over the past 50 years have brought into sharper focus funda
mental physical processes. For example, within the last 20 years 
protons and neutrons (which had previously been thought to be funda
mental .and indivisible particles) have been found to be composed of 
smaller particles called quarks. The discoveries gained from this 
research have deepened and broadened human understanding of the physical 
world. Studies of the smallest particles of matter have also increased 
our understanding of the origin of the universe. Investigations with 
these machines have been carried out primarily in the U.S., Canada, 
Europe, Japan, and the Soviet Union. 

The results of these discoveries have had a direct effect on the quality 
of human life. Accelerator technology has led to the development of 
whole new industries and practical applications such as equipment for 
medical diagnosis and treatment, Positron Emission Tomography (PET) scans 
and magnetic resonance imaging, nuclear medicine, and superconducting 
magnets. 
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Projecting to the future, discoveries resulting from the SSC may lead to 
benefits that are impossible to envision. looking back in time, one 
sees that research .in subatomic physics over the last 80 years contrib
uted significantly to the development of technology comprising approxi
mately one-third of our current gross national product, including such 
important industries as communications, consumer electronics, and com
puters. On a broader scale, the wonder and excitement resulting from 
discoveries due to the SSC may provide inspiration for young people to 
enter careers in science and engineering. This could contribute to main
taining America's economic competitiveness in an increasingly technical 
world. Before the turn of the century, however, energy limits of present 
accelerators will begin to hinder the further advancement of high energy 
physics research. In order to continue on this path of physical dis
covery, a higher energy accelerator is required. The proposed SSC would 
be the highest energy acaelerator designed to date--about 20 times more 
powerful than any in the world. Tnrough its use. scientists would be 
able to study a new realm of high energy processes for the first time in 
an attempt to answer some of the basic questions. of the underlying struc
ture of the physical world. 

2.2.2 Recon111endation for the SSC 

In July 1983, the High Energy Physics Advisory Panel (HEPAP), a DOE 
scientific advisory group, transmitted to the Office of Energy Research 
of tl1e DOE fnfonnation from a report (DOE/ER-0169) written by their Sub
panel on New Facilities which stated that they had reached a unanimous 
recommendation for the "immediate initiation of a multi-TeV high
luminostty proton-proton collider project with the goal of physics 
experf111ents at ~hfs facility at the earliest possible date.• This pro
posed project was designated the Superconducting Super Collider (SSC). 
In his letter of reconmendation, the chairman of HEPAP commented that 
the SSC •would be the forefront high energy facility of the world and is 
essential for a strong and creative U.S. high energy physics program 
into the next century.• This recommendation was reiterated by the 
Physics Survey Committee of the National Research Council in its report, 
fllilJcs Throygh the 1990s (National Academy of Sciences and National 
Research Council or NAS/NRC 1986}. 

2.2.3 Scientific Experiments 

Prntor.s with the energies to be achieved by those in the SSC have existed 
since the creatton of th.e universe and have been striking the earth con
stantly fn the form of cosmic rays. There are many more protons of 
?.il TeV (and higher energies) ti1at collide with the molecules of air in 
the upper atmosphere every second than the number of protons that would 
collide eac~ second in the SSC. tlowever, even though these high energy 
particles are plentiful, it is alr.1<ist impossib1e to study them beca11se 
they ~nter the earth's atmosphere at random times, in random direct1o11s, 
"Ind with random energies. They inte;·act at such high altitudes that 
l.i!11Y a sman fraction of the collision products can be detected en the 
e.:;rth's surface. The pr·oposed SSC would make it possible to control ar.d 
study these high energy particles for the first time. 
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The scientific work of the SSC laboratory would he focused on the study 
of the elementary constituents of matter at energies 20 times higher 
than are now available. This means that the SSC could 1n·obe dimensions 
and other properties of matter at a level 20 times smalle.- than <:an be 
done using existing accelerators. For this purpose, large, complex 
instruments to detect the interactions an<:! resultant products would 
surround the interaction regions where the proton beams are brought into 
collision. The detectors would be capable of recording the res•Jlts of a 
re:action by measuring the charged particles and energy flow resulting 
frum.the collisions. Analysis of these data would permit the exper
imenter to infer the properties of particles smaX!er than 10·· 19 m or 
l;:>s>, or, equivalently, at constituent energies of 2 TeV or more. 
Pnijected capabilities for other facilitie; are 1101-1 only in the 0.2 to 
O.:i-TeV range. 

The recent progress of particle physics has produced astounding results. 
The proton and neutron are not structureless nor ultimately 
fundamenta1--they are composed of smaller particles. The smaller 
particles (q•Jarks) as well as leptons {electrons, muons, and neutrinos), 
seem to be the elementary particles, structureless and indivisible, at 
least at the present 1 imits of r·esolution. Perhaps these particles, 
too, wili turn out to be composed of even smaller constituents •. Three 
famll ies of quarks and lepton~ have been found. The basic forces 
between these particles have been identified. Moreover; the weak and 
electromagnetic forces have been united into a single theory which has 
passed e11ery experimental test so far. The theory correctly predicted 
the approximate mass of the channed quark before its discovery·and the 
precise masses of the W and the Z particles, the carriers of the weak 
force. This descripthm of the strong, electromagnetic, and weak forces 
is extraordinarily suc:cessful, but it is still incomplete. 

The energies of interest are c.onstituent energies of I TeV or more. 
With the present technology, these energies can only be studied by use 
of a hi9h-luminosity, multi-TeV proton co11ider, such as the proposed 

.SSC. Although the new energy range which would be made available by the 
SSC is known to be highly promising, the types of particles and the 
associated forces to be found can only be postulated now. The research 

·potential of the SSC includes, along with many other possibilities: 

o Extension of the search for new quarks and leptons by a factor 
of 40 in mass (energy) from the present 0.05 TeV to 2 TeV. 

o Search for new particles, like the W and Z of the weak force, 
up to masses of 7 TeV, a factor of more than 20 beyond the 
present 0.3 TeV. 

o Exploration of the mass-generating phenomenon at anergies up 
to 1 TeY, more than an order-of-magnitude beyond current 
capabilities. 

o Search for new, even more basic entities of matter, in quarks· 
and leptons, to distances 40 times smaller than the present 
limits. 
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2.2.4 Research at Other Accelerators 

Researchers at existing laboratories are exploring the current particle 
frontier, but the accelerators at these laboratories are unable to 
achieve the energies and luminosities necessary to address many of the 
important questions which have arisen in the past decade. In the United 
States, the Tevatron at Fermilab, the highest energy accelerator in the 
world, has a maximum energy of I/20th of the proposed SSC with l/IOOOth 
the 1 umi nos ity. The Stanford Li near Acee 1 erator ( SLAC) 1 n Ca 1 i forn i a 
has an energy equivalent to about l/lOOth that of the SSC with l/lOOOth 
the luminosity. Although both of these machines will be the workhorses 
of U.S. high energy physics during the next decade, it is not technic:ally 
feasible to improve their performance substantially in terms of either 
energy or luminosity. · 

Other high energy accelerators in the U.S., including those at Brookha11en 
National Laboratory (New York), Cornell University (New York), and the 
Continuous Electron Beam Accelerator Facility (CEBAF) which is nearing 
completion in Newport News, Virginia, are designed to operate at energies 
well below those of the SSC. Although many of the experiments at these 
facilities are related to and supportive of those anticipated at the 
SSC, they are not capable of providing beams meeting SSC objectives nor 
can they be reasonably modified to do so. 

' Several other very high energy accelerators are under construction out
side the U.S.--an electron-positron collider is nearing completion at 
CERN (Geneva, Switzerland), an electron-proton c.ollider is nearing com
pletion at DESY (Hamburg, West Germany), and a proton-proton collider is 
being built at Serpukov in the USSR. These machines are each well below 
the energy and the luminosity of the SSC. They could not be used to 
meet the object i ·~es of the SSC without major modifications. These 
modifications would approximate in scope implementation of the SSC 
design as a stand-alone project. 

The .strength of the proposed SSC is its expansive reach to high energies 
and the accompanying high luminosity, which provide. the conditions to 
extend the current understanding of the basic structure of matter. · 
These two basic features would support a variety of experimental 
initiatives to create a rich and diverse research program and maintain 
the U.S. world leadership in this field of study. The SSC would also 
play an important role in higher education. · Research conducted at the 
SSC would be done principally by groups of university scientists and 
graduate students and serve as a unique training ground for the next 
scientific generation. 
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CHAPTER 3 PROPOSED ACTION AND ALTERNATIVES 

This chapter describes the.proposed action, alternatives considered, 
potential environmental impacts, and mitigation means anticipated to 
minimize impacts. The description of the proposed SSC facility includes 
conceptual design details along with specific conceptualization which 
would be needed to adapt the proposed SSC facility to local conditions 
a.t a 11 of the seven site alternatives. 

Various technical and procedural alternatives were considered but not 
analyzed in detail. The no-action alternative, which provides a base
line for measuring environmental effects, is the continuation of current 
conditions and trends (described in Chapter 4, Affected Environment) 
that would be expected to occur at any of the seven sites if the SSC 
were not constructed. The environmental impacts (analyzed in Chapter 5, 
Environmental Consequences} are summarized and compared. Finally, sit.e-
1ndependent and site-specific mitigations (also described in Chapter 5) 
are identified; these could be used to minimize adverse impacts of the 
proposed action. · 

3.1 PROPOSED ACTION 

The proposed action is to select a site for construction and operation 
of the SSC. The proposed SSC would be a 20-TeV particle accelerator, 
its supporting systems, and facilities which would serve as a U.S. 
National laboratory for high energy physics experiments. The five 
phases of the proposed project are: 

o Siting - This phase consists of DOE's Invitation for Site Pro
posals (ISP) and the resulting proposals, the evaluation pro
cess leading to the Best Qualified list (BQl) of seven sites, 
the identification of a preferred site in the final EIS, and 
the selection of a site in the Record of Decision (ROD) . .. 

o Preconstruction - This phase consists of activities at the 
selected site to confirm geotechnical conditions; to validate 
site engineering parameters; and perfor111 assessments or sur
veys necessary to verify site data for site-specific project 
design. 

o Construction - This phase includes contin11ed design as well as 
physical establishment of the tunnel, the SSC instrument (in
cluding magnets, detectors, support systems), the surface 
facilities and campus area, and infrastructure connections 
(roads and utility corridors). A Supplemental EIS will be 
prepared to analyze in greater detail the environmental 
impacts and mitigations at the selected site prior to the 
start of construction. 
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o Operations - This is the primary and long-term phase that 
involves use of facilities for physics experiments. The 
operating life of the SSC is expected to be 25 to 35 years. 

o Decommissioning· - This phase i nvo 1 ves the remova 1 , c 1 osure, 
decontamination, and other activities whose objective is the 
removal from service of the SSC and its support facilities. 
Additional NEPA review would be required prior to starting 
decommissioning action. 

3.1.1 Description of the Proposed SSC 

3.1.1.1 Project Overview 

The proposed SSC project includes the siting, construction and operation 
of a 20-TeV particle accelerator along with its supporting systems and 
facilities to serve as a national laboratory for high energy physics 
experiments. · 

The principal feature of the proposed SSC is the collider ring, a roughly 
SJ-mi.long oval tunnel. Approximately 10,000 superconducting magnets in 
the form of two rings, one atop the other, would focus and guide two 
~roton beams around the tunnel. Within the magnets, the two proton beams 
(one in each magnet ring) would be accelerated in opposite directions to 
an energy of 20 TeV and made to collide with a combined energy of 40 TeV. 
Special facilities, intermittently spaced around the collider ring, would 
provide the cryogenic system that would keep the superconducting magnets 
cooled to a temperature near absolute zero. 

Other prominent features of the proposed SSC are the experimental halls, 
the injector faci 1 iti es, and the campus area. The experimental halls 
would contain the giant detectors that record the particle collision. 
products. The injector facilities would consist of four separate cas
cading accelerators in which the proton beams are first formed and then 
accelerated to the required energy for injection into the ring magnets 
in the collider tunnel. The campus area would include the main labora
tory and admi ni strati on building, the auditorium, warehouses, support 
facilities, and a number of shop buildings. 

Table 3-1 summarizes the land requirements for the proposed SSC facil
ities including facility dimensions, number of facilities, and acreages. 
Table 3-2 provides estimates of acreages permanently and temporarily 
disturbed by SSC construction and operations for each site. 

It should be emphasized that the following discus'sion of the proposed 
SSC is based on the conceptual design of such a facility. The dimen
sions and layouts for facilities and areas are based on this conceptual 
design. These will be reevaluated in the final design, which will be 
developed after a site is selected, but are expected to be conceptually 
similar to those described below. 
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Table 3-2 

ACREAGE PERMANENTLY AND TEMPORARILY DISTURBED . 
BY SSC CONSTRUCTION AND OPERATIONS 

Permanently T """°r a r ily 
Site Facility disturbed disturbed Total 

Al. Roads, Railroads, and Utilities 453 784 1237 
Spoils Disposal and Evaporation Ponds 135 0 135 
Campus and Injector 283 193 476 
Co llider and Experimental Halls 62 Z45 307 

T o t a 1 933 1222 2155 

co Roads. Railroads, and Utilities 587 1759 2346 
Spoils Disposal and Evaporation Ponds 395 97 492 
C-us and Injector 283 193 476 
Collider and Experimental Halls 62 19 81 

T o t a 1 1327 2068 3395 

IL - Roads, Railroads, and Utilities 78 159 237 
Spoils Disposal and Evaporation Ponds 0 0 0 
Campus and Injector 87 105 192 
Co 11 ider and .Experimenta 1 Halls 62 3 65 

T o t a 1 227 267 494 

Ml Roads, Railroads, and Utilities 57 467 524 
Spoils Disposal and Evaporation Ponds 0 0 0 
Campus and Injector 283 193 476 
Collider and Experimental Halls 62 18 81) 

T o t a 1 402 678 1080 

NC Roads, Ratlroads, and Utilfties 447 593 1040 
Spoils Disposal and Evaporation Ponds 315 6 321 
Campus and Inje<:tor 283 193 476 
Co 1 lider and Exper imenta 1 Halls 62 15 77 

T o t a t 1107 807 1914 

TN Roads, Railroads~ and Utilities 108 452 560 
Spoils Disposal and Evaporation Ponds 364 24 388 
Campus and Injector 283 193 476 
Collider and Experimental Halls 62 3 65 
T o t a l 817 672 1489 

TX Roads, Railroads. and Utilities 191 414 605 
Spo1 ls Disposa 1 and Evaporation Ponds 461 49 510 
Campus and Injector 283 193 476 
Colllder ond Experimental Halls 62 34 96 
r o t a 1 991 690 1687 

I. A~sumptions made regarding acreages for future expansion-areas C, J, K3, and K4 are 
included in Section 3.7.3. For the other areas, acreage is ca'lculated only for areas 
which would be disturbed by the planned facilities. 

2. For the AZ, IL, and MI sjtes, spoils are assumed to be deposited in abandoned mines 
or quarries. Therefore, no disturbed acreage for spoils disposal is included for 
these three sites. For the other four sites, the tanporarily disturbed areas shown 
account for temporary access roads to the spoil disposal sites. The permanently 
disturbed areas shown account for the spoil dlsposal sites. 

3. For the cooling tower wastewater, special treatment plants are required at the IL, 
Ml, NC, and TN sites. At the AZ, CO, and TX sites, evaporation ponds may be used 
instead. It was assumed -that such ponds will be used for these three sites. and 
acreages of permanently disturbed land have been included for this purpose In the 
amounts of 135, 255, and 396 acres, respectively. 

1CHP3A336889 EIS Volume I Chapter 3 



3.1.1.2 Conventional Facilities 

A. Site and Infrastructure 

Proposed Action and Alternatives 3-5 

A site-independent layout of the proposed SSC project site is shown in 
Figure 3-L Site and infrastructure encompass most conventional project 
components, with the exception of underground facilities and buildings. 

General access to the proposed SSC would be provided by a primary road 
that ties into the regional highway system. The primary roads within 
the project boundaries would be the roads connecting the campus area . 
with the far cluster and other access roads servicing the facilities 
along the collider ring. 

Parking spaces would be provided for approximately 1,800 vehicles. The 
areas around the surface buildings would be landscaped, and sensitive 
project areas would be protected by fences. · 

B. Campus Area (A area) 

The proposed campus complex is planned to contain 15 buildings situated 
on approximately 100 acres. The buildings provide work space for 
approximately 2,500 employees and 500 visiting scientists, and include 
the central office and laboratory building, six heavy works buildings, 
three shop buildings, and several support buildings (see Figure 3-2). 
The campus area would be landscaped to blend into the general setting of 
the selected site. 

C. Injector (B area) 

The proposed injector would encompass the surface and subsurface struc
tures that contain the technical systems which generate, accelerate, and 
inject the protons into the collider ring. These structures are· the 
1 inear accelerator (Linac), low energy booster (LEB), medium energy 
booster (MEB), and high energy booster (HEB) (which includes a test beam 
facility) (see Figure 3-3). 

The linac enclosure would be 494 ft long with inside dimensions of 12 ft 
by 12 ft. It wou.ld be 20 ft below ground, has two IS-ft-diameter 
exit/vent shafts, and would be connected to the LEB by a 410-ft-long 
transfer tunnel. 

The LEB would be installed in a ring-shaped tunnel with a circumference 
of 817 ft and inside dimensions of 8 ft by 8 ft. It would be 14 ft below 
ground and connected to the HEB with a 40-ft-long transfer tunnel. There 
would be two 15-ft-diameter exit/vent shafts and several surface buildings. 

The MEB would be installed in a ring-shaped tunnel with a circumference 
of 6,233 ft and a 10-ft-diameter circular cross section. It would be 
16 ft below ground and have two transfer tunnels connecting it to the 
HEB. The MEB ring would have six 15-ft-diameter intermediate access 
shafts and associated surface buildings. 
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Figure 3-1 
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Figure 3-2 
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Figure 3-3 
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The HEB would be installed in a ri119-.s.haped tunnel with a circumference 
of 19,666 ft and a IO-ft-diameter cross section. It would be 18 ft below 
ground and have two transfer tunne1:s .connecting it to the collider ring. 
Situated at equal intervals along the HEB ring would be six clusters of 
underground enclosures and associated surface buildings that would 
include the following major facilities: intermediate access shafts, 
service areas (compressor and refrigeration buildings, power supply), 
inject/eject facilities, beam absorbers, cooling towers, and radio
frequency enclosures. 

The test ,beam facility woul.d connect to the HEB and terminate in a test 
hall 3,200 ft from the HEB. The beam enclosures would be covered by 
about 15 ft of soil. 

0. Coll ider Ring {O area) 

Ttie proposed collider ring would include the 53-mi-long tunnel housing 
the main accelerator plus a large number of s~ructures supporting oper
ational funct.ions such as refrigeration, ventilation, perso11nel and 
materials. access and exit, and .beam inject/extract facilities. 

Ttie collider ring tunnel would have a cross section as shown in Fig
ure 3-4, with a minimum inside dimension of 10 ft. The tunn.el lining, 
where required by local geology, might consist of shotcrete, reinforced 
concrete, precast concrete segments for bored tunnels, or precast con
crete segments for tunnels constructed by the cut-and-cover method. 

The tunnel floor would accommodate the support frames for the super
conducting magnets, provide sufficient work space, and allow adequate 
clearance for magnet transport vehicles. 

The depth of the tunnel below the surface would be dependent on local 
site conditions. There is no predetermined maximum tt1nnel depth; but it 
is anticipated that depths in excess of approximately 600 ft would be 
unfeasible. The minimum depth of cover above the tunnel would be 30 ft 
with a minimum of 15 ft above the primary shield to the surface. 

The near semicircular upper and lower arcs of the collider ring would be 
made up of four equally long tunnel sectors. The sectors would be sepa
rated from each other .by intermediate access facilities (E areas); a 
service area (F areas) would be loc.ated at the center of each sector. 
Each intermediate access facility would include a surface building, a 
20-ft-diameter shaft, and a system of tunnels that connect to the 
collider ring tunnel. 

Each service area (see figure 3-5) would include buildings, a 30-ft
diameter shaft, and a system of tunnels that connect to the collider 
ring tunnel. Near its connections to the HEB, the collider ring would 
contain a cluster of facilities that involve proton beam injection, 
acceleration, and beam absorption. 
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Figure 3-4 
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E. Experimental Facilities 

Two ir.teraction regions (K areas) would be provided within each of the 
two colltder ring segments which would connect the upper and the lower 
arcs (area D); space for two future interaction regions would be pro
vided in the far cluster. The interaction points would be the locations 
where the particle collisions take place. To study these collisions, it 
would be necessary to surround the collision point with a detector 
capable of registering the matter and energy byproducts of the. collision 
while at the same time allowing the free flow of particles along the 
beam line. 

The SSC detectors are expected to weigh as much as 50,000 tons each. 
The dimensions of such detectors are not defined at this stage of the 
project, but a range of sizes and shapes is considered possible. Max
imum detector sizes would probably be limited by the maximum feasible 
cavern sizes that can be constructed in specific geological site loca
tions. The current conceptual design of the underground halls and the 
surface building is shown in Figure 3-6. 

F. Utilities 

Each cluster would receive electric power from a separate source. 
Overhead transmission lines would carry incoming power from the local 
utility, a substation at each cluster would reduce the voltage, and 
power would be distributed around the site. 

On-site communications, fire alarm, monitoring, and safety alarm systems 
would be provided; wired connections to the local telephone utilities 
would establish off-site communication. Emergency generators would 
serve essential loads in case of power interruption. An emergency 
telecommunications system would reduce the risk and impact of service 
disruption. 

A water main would be brought to the campus either from a suitable well 
field or local municipality. Water usage around the ring would be pro
vided from wells near the points of use, a distribution piping system 
following the ring, or convenient 1oca1 off-site sources. 

Natural gas is expected to be the heating fuel for the campus and the 
far cluster. Electrical and/or solar heat could also be used; The col
lider tunnel would be unheated. Other utilities would include on-site 
or off-site sewage treatment, wastewater treatment, and fire protection. 

3.1.l.3 Technical to Conventional lnterface 

Technical to convent iona1 interface would occur 1~ith electric power and 
11ater coo 1 i ng systems. Power at 13. 8 kV would be brought to a 11 radio
frequency locations at the Linac, LIB, MEB, HEB, and collider ring, and 
terminate in indoor switchgear. Service of 4;150 V would be brought to 
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Figure 3-6 
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all pump-compressor buildi119s for the cryogenic equipment;· 480 V would 
be available on the campus at the injector, collider ring, and 
experimental areas. · 

Water would be used to cool the cryogenic and technical equipment. The 
cooling towers would use industrial water that would cool the cryogenic 
systems directly. The towers would also remove heat at heat exchangers 
that, in turn, cool low conductivity water recirculated to and from the 
technical equipment. Water chilled by mechanical refrigeration would be 
used to cool electronic equipment in each of the experimental halls. 

3.1.1.4 Technical S~tems 

A series of cryogenic refrigeration systems would provide 5 K, 20 K, and 
84 K systems to the HEB and 4.15 K, 20 K, and 84 K to the ring for the 
purpose of magnet cooling. The injector and collidcr ring would be 
served by vacuum pumps located within the ce~ventional facilities. 

3.1.2 Site Selection 

In February 1937, the DOE formed an SSC Site Task. Force (STF) to develop · 
and manage a process leading to the selection of a site for the SSC. 
The STF developed the ISP and its two amendments for potential sites for 
the proposed SSC (U.S. Department of Energy, Apr 1, 1987; Jl.mendment I, 
Jun 24, 1987; and Amendment 2, Jul 14, 1987). This solicitation invited 
states and other parties to provide land and propose specific sites for 
the implementation of the proposed SSC project. Proposers were also 
encouraged to provide opportunities to offset portions of costs to the 
Federal Government. 

Forty-three proposals were received by DOE by September 2, 1987. The 
initial evaluation of the proposals consisted of DOE's determination of 
compliance with the qualification criteria. If a proposal Of' proposed 
site did not meet the qualification criteria, it was eliminated from 
consideration, the proposing organization was informed of the elim- -
ination, and the criteria not satisfied were enumerated. 

Thirty-six proposals met the qual i fi cat ion criteria and were forwarded 
to a committee convened by the National Academy of Sciences and the 
National Academy of Engineering (Nl\S/NAE). 

The NAS/NAE Committee formed seven working groups focusing on the six 
technical evaluation criteria (Section 1.1 of the ISP) and on cost. 
These six technical evaluation criteria are: 

Geology and tunneling 
Regional resources 
Environment 
Setting 
Regional conditions 
Utilities 
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Each group was composed of committee members havi.ng speci fie expertise 
in the area of focus of that group. The charter .of each working group 
was to identify strengths and weaknesses of each proposal using a scale 
of good, satisfactory, and questionable. The results of these efforts 
were used as a basis for .committee discussions .of those sites meriting 
inclusion in the recommended BQL to be furnished to DOE. 

The recommended BQL included: 

Arizona/Maricopa 
Colorado 
Illinois 
Mi chigCU)/Stoc.kbri dge 
New York/Rochester 
North Caro 1 i na 
Tennessee 
Texas/Dallas-Fort Worth 

The New York/Rochester site proposal was subsequently withdrawn by the 
proposing organization. 

The DOE received eight site alternative reco11111endations from the NAS/NA£ 
Committee on December 24, 1987. The STF met with the Co111111ittee for a 
discussion of their find1ngs and recommendations. The STF then reviewed 
the Committee's report during a 2-week period. Jhe STF independently 
evaluated the Committee's findings and concurred with their findings. 
On January 19, 1988, the DOE announced the site alternatives. The STF 
continued its review of proposals following selection of the site alter
natives; this included requests for an analysis of additional data and 
site visits by the STF. The sites were analyzed as the reasonable 
siting alternatives for the proposed SSC. The Secretary of Energy has 
identified the site proposed by the State of Texas as the preferred site 
alternative. See Volume III for a detailed discussion of the site 
selection process including identification of the preferred alternative. 
Site selection will be documented in a Ret:ord of Decision (ROD) to be 
issued no sooner than 30 days following publication of the FEIS. 

3.1.3 Preconstruction 

Several preconstruction activities would take place at the site selected 
for the proposed SSC prior to actual construction. These activities are 
described in detail in Appendix I and tnclude: 

o Geotechnical verification and validation, which would involve 
drilling in selected areas, including shaft locations 1M!d 
areas designated as locations for interaction halls. 

o Assessments and consultation as needed with the U.S. Fish and 
Wildlife Service (USFWS), State Historic Preservation Officers 
(SHPO's), and other appropriate Federal and State agencies. 

o Establishment of baseline monitoring programs at the site, 
such as installation of a meteorological station. 
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o Definition of site-specific engineering parameters using shallow 
soil borings at building sites and detailed evaluation of speci
fic areas where facilities are to be built. 

o Development of preliminary site-specific designs. 

o Establishing interfaces with state agencies. 

o Preparation of a Supplemental EIS for the selected site. 

Agreements may be needed between the DOE or the state and landowners for 
access prior to the time that the DOE would take title to the land. It 
is anticipated that the DOE would acquire title- to fee simple _or strati
fied fee lands based on the sequence required for construction. 

The sequence of land acquisition is: 

o Campus area and near cluster 

o Far cluster 

o Land needed to connect.the tunnels between the clusters; land 
for access shafts, service areas, and infrastructure 
connections. 

The DOE would require that the state whose site is selected meet the 
following schedule and sequence for delivery of title to the selected 
site: 

Area of the Site 
(see Figure 3-1) 

Areas A and G 
Areas B and H 
Lower arc 
(a portion of area 0) 
Upper arc 
(remainder of area D) 
and areas C, I, and J 

Execution of Offer 
Survey, and Preliminary 

Title Evidence 

Feb 1, 1990 
Apr 1, 1990 
Jul 1, 1990 

Oct 1, 1990 

Transfer Date 

Mar 1, 1990 
Jul 1, 1990 
Oct 1, 1990 

Jan 1, 1991 

All intermediate access and service areas {areas E and F) would be 
acquired along with their respective quarters of the collider ring. 
This pattern and sequence may require modifications to fit any site
specific needs. The dates in this schedule are predicated on the ROD 
being issued in January 1989. 

1CHP3A3368821 EIS Volume I Chapter 3 



Proposed Action and Alternatives 3-17 

In order to accommodate the early stages of site design and pre
coristruction, the POE would require use of approx·i111ately 100 acres of 
area A as soon as possible after the ROD is signed. Use of this land 
and the existing improvements will be required at no cost to the Federal 
Government. 

3.1.4 Construction 

After the Supplemental EIS has been completed, construction-related 
activities would begin in the spring of 1990 and be complete in mid-
1996. Construction is anticipated to begin on the campus, the injector, 
and the cluster areas. Subsequent activities are then anticipated in 
the upper and lower arcs. This sequence is subject to final site
specific conditions and final design considerations. Major construction 
activities would include: 

o Cut-and-cover excavation for installation of the injector 
facility (except in Illinois which proposed to use the exist
ing Fermilab tunnel); to allow for a comparative analysis, it 
has been assumed that injectors at the proposed Michigan .and 
Tennessee sites would be constructed using cut-and-cover 
rather than tunneling as .proposed by the two states (see 
Appendix I). · 

o Vertical tunneling of access shafts for the several tunnel 
access areas, at approximately 2.5-mi increments around the 
ring. 

o lunne1 boring usjng tunnel boring machines (except in a short 
portion of the Arizona site where cut-and-cover excavation 
would be used) for the 53-mi ring. See Appendix 1. 

o Excavation of four interaction halls by cut-and-cover, or 
underground mining techniques, depending on local conditions. 

o Creation of disposal sites for spoils generated from the exca
vation temporarily stored near the access shaft. 

o Services, including power, cryogenics, water, and waste treat
ment at the several service areas. 

o Construction of campus facilities and service area facilities 
around the ring. 

o Startup and testing of magnets, detectors, and other technical 
systems. 

o Construction of access roads, site service roads, railroad 
sidings, utility substations, and utility corridors. 
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3.1.5 Operations 

Activities during operations would be beam testing and establishment of 
routine operations including: 

o Use of collider rings for high energy physics research or 
accelerator and development studies (- 250 day/yr). 

o Use of high energy booster accelerator to generate beams for 
testing of detector components (independent of collider 
operations). 

o Scheduled machine and detector maintenance and repair (- 115 
day/yr). 

Operations would begin in 1996 and continue for a period of 25 to 35 years. 

3.1.6 Future Expansion 

The ISP specified that a future expansion area (Area C) of approximately 
1,450 acres be provided in fee simple title. It further specified that 

.six abort/external beam access areas (Areas J) of 40 acres each be simi
larly provided. The present conceptual design of the SSC has no 
specific plans for use of these areas at this time. Experience at other 
accelerator laboratories, e.g., Fermilab, SLAC, and CERN, is that an 
accelerator, once built, is not a fixed or stagnant entity throughout 
its useful life. On the contrary, as new discoveries are made using 
such accelerators, new ideas emerge for modifying and improving these 
machines for different classes of experiments. On a machine at the 
forefront of knowledge such as the SSC, it is inevitable that such ideas 
for enhancement of capabilities will emerge, and some of these may well 
entail use of land in addition to the requirements for the SSC as it now 
exists in conceptual design. 

At this time, such additions or modifications can only be a matter of 
speculation. Area C could, for example, be used for a circular electron 
accelerator and storage ring for electron-proton physics experiments. 
Alternatively, a linear electron accelerator might be built under the J 
areas for similar purposes. An external beam and experimental area 
might be developed under the J areas .. These areas could also be used 
for some facility which simply has not been thought of yet. Further 

.NEPA review would be performed for any proposal for development in the 
expansion areas. 

3.1.7 Deconmissioning 

When decommissioning of the SSC facility is proposed, additional NEPA 
review will be performed. DOE has prepared a preliminary deco11111ission
ing plan for the SSC and estimated order-of-magnitude costs for imple
menting such a plan. This plan is summarized and the potential environ
mental impacts evaluated in Volume IV, Appendix 3. This preliminary 
evaluation indicates that decommissioning would be technically, economi
cally, and environmentally feasible. 
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3.2 ALTERNATIVES CONSIDERED BUT NOT ANALVZED IN DETAIL 

The DOE has considered three types of alternatives in this EIS: site 
alternatives, technical alternatives, and progrananatic alternatives. 
The methods used to determine the reasonable site alternatives were 
discussed in Section 3.1.2. No technical or programmatic alternatives 
were identified for detailed analysis in this EIS, as discussed below. 
DOE-sponsored working groups have examined alternative instrument design 
concepts, contrasting efficiencies, resource requirements, and possi
bilities of meeting the 20-TeV objective {see Chapter 9, Principal 
References). If these types of technologies were used, the purpose and 
need for the SSC, would not be met {see Chapter 2, Purpose and Need for 
the Proposed Action). 

Alternatives eliminated from detailed study, together with the technical 
or programmatic reasons for such elimination, are discussed below. 

3.2.l Technical Alternatives 

3.2.1.1 Beam Composition Alternatives 

The only electrically charged, stab.le ·particles that can be accelerated 
to high energies in a collider environment are protons, electrons, and 
their antiparticles, antiprotons and positrons.· The underlying physics 
goals at both lepton {electrons and positrons) and hadron {protons and 
anti protons) colliders is the same: to understand the fundamental 
structure of matter. However, the approach that is used--the specific 
types of physics experiments--is quite different at the two different 
types of machines. The physics program at a lepton machine could not be 
carried out at a hadron machine, and vice versa. Experimenters at the 
two types of machines investigate the subnuclear world from two different 
viewpoints; thus lepton and hadron colliders complement each other, but 
one cannot be a substitute for the other. The situation is somewhat 
analogous to the use of radiotelescopes and optical telescopes. In this 
case, astronomers are trying to study the physics and composition of 
matter involving vast distances rather than tiny distances. Radiotele
scopes and optical telescopes enable astronomers to study different 
aspects of the same basic phenomena; the instruments are complementary 
to each other, but one cannot be a substitute for the other. 

The step up in energy and luminosity from existing accelerators might be 
taken in a lepton collider rather than a hadron collider such as the 
SSC. To reach energies equivalent to the proposed SSC in a lepton col· 
lider would require the use of much higher power tubes (klystrons) than 
are now available. These higher power tubes are now under development. 
but probably will not become operational for s·everal years. To reach 
luminosities equivalent to the SSC in lepton colliders would require as 
yet unidentified techniques for reducing beam diameter at t~e collision 
point. At the electron-positron linear collider at SLAC, experience 
indicates that at very high energies, it is difficult using presently 
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known techniques to produce high energy beams as small as one micron in 
diameter. A lepton collider of luminosities comparable to the SSC would 
require beam spot size at the interaction point 100 to 1,000 times 
smaller than one micron. 

3.2.1.2 Beam Energy Alternatives 

A total beam energy of 40 TeY (combined energy of the two 20-TeV beams) 
was selected for the proposed SSC because it represents a large step 
beyond the capability of other experiment a 1 devices that wi 11 be in 
operation before the SSC is proposed to be completed. The need for an 
accelerator at the beam energy of the SSC is acknowledged by physicists 
throughout the world. Higher beam energies would be fiscally prohibitive; 
lower beam energies would not satisfy the objective of the 40-TeV colli
sion energies that are expected to result in newly discovered, smaller · 
particles. 

3.2.1.3 Beam Luminosity Alternatives 

The capabilities of the proposed SSC depend upon both beam energy and 
beam luminosity (number of colliding particles). A luminosity of 
1033 cm-z s-1 as proposed is believed to optimize the scientific per-. 
formance of the total experimental device, collider plus detector. A 
higher luminosity would place an increased burden on the detectors to 
discriminate among the collision products of scientific interest from 
other collision products. A decreased luminosity would decrease the 
frequency of collisions, thus decreasing the chance that interesting 
collision products would be produced. These results are indifferent to 
the choice of a proton-proton or proton-antiproton collider; however, a 

. proton-antiproton collider is not practical at a luminosity as high as 
1033 cm-2 s-1. 

3.2.2 Magnet Alternatives 

In principle, several alternatives exist for producing the magnetic field 
required for the main accelerator rings of the proposed SSC. The size 
of the collider ring, the design of the cryogenic or cooling systems, 
and the number of service areas are all dependent on the strength of the 
field generated by the magnets. Alternative magnets have been given 
careful consideration. The magnet design described in Appendix I was 
determined as optimal in both cost and feasibility. Some of the con
siderations for tKis conclusion are indicated below. 

3.2.2.1 Conventional Magnets 

It is possible that an SSC-type ac.celerator could. be built with conven
tional iron-copper electromagnets rather than superconducting magnets. 
However, such conventional magnets are limited in the strength of 
magnetic field producible to about one-third that of superconducting 
m~gnets. The circumference of the rings required for the proposed SSC 
ls Inversely related to the st~ength of the magnetic field. A reduction 
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of this field to one-third the value of the present design would mean a 
ring circumference of three times its present design, or about 160 mi. 

· Conventional magnets also requfre large amounts of electric power--many 
times that required for operation and refrigeration of superconducting 
magnets. The cost of electric power, even with superconducting magnets, 
is a major component of the estimated operating cost of the SSC. Cost 
of power for conventional magnets for the SSC would be prohibitively 
high. 

3.2.2.2 Warm Suoerconductinq Magnets 

following the discovery of superconductin~ substances with transition 
temperatures above the temperature of liquid nitrogen,'there has been 
speculation that new materials might be developed that would make pos
sible a simpler and less costly magnet for the proposed SSC (SSC would 
use liquid helium). However, such new materials do not yet exist in a 
form that could be used for collider magnets, and one cannot predict 
with confidence when, if ever, they might be developed into useful 
magnet conductor materials. Thus, the use of these materials is not 
considered technically feasible for the SSC if the SSC is to be oper
ational in the 1990's. 

3.2.2.3 ·Alternative Superconducting Magnets 

In the rnagnet.ic field t·ange of 3 to 7 tesla, a number of possible alter
natives for magnet design were studied in detail. Serious consideration 
and considerable research and development were devoted to several possi
ble designs. A Magnet Selection Advisory Panel was appointed by the 
director of the COG to provide a recommendation. This Panel and its 
consultants included international experts in the area of superconduc
ting magnet technology. The following is a sul!rllary of the Panel's 
comments. 

Several approaches to the design of the superconducting dipole magnet 
for the SSC have been pursued for several years. In 1985, consensus 
among the researchers narrowed the field of candidate designs to two, 
each representing one of the two main styles of design, "superferric" 
and "cosine theta." The·research on the cosine theta style showed it to 
be a well understood magnet with reliably predictable costs and produc
tion schedules. The reliability of the predictions rested on a large 
base of data developed in building ar.d operating one large accelerator 
and developing models and prototypes for several others. Conversely, 
the work with the superferric style had shown it to be more complex than 
the cosine theta style and more complex than foreseen in 1983. As a 
result of the complexities, only models of 1-m length were extensively 
tested prior to the Panel's recommendation. In the Panel's opinion, 
this style had not displayed the simplicity and ease of construction and 
operation it conceptually promised. If the superferric style held out 
the promise of substantial construction cost savings to outweigh the 
additional research and development costs reouired to develop it for 
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production, it would be a strong candidate despite its less mature state 
of development. This was shown not to be the case. Although its 
proponents argued that it would be less expensive, the Panel was con
vinced that the contrary would be true. Use of the superferric style, 
in the Panel's opinion, was likely to result in higher total costs, 
exclusive of research and development. Therefore, the Panel recommended 
adoption of the cosine theta, style O design (Magnet Selection Advisory 
Panel 1985). 

The Pan~] was unanimous in recommending the magnet design that was then 
selected by the director of the COG on the basis that this magnet design 
had b:en found by the Panel to be further developed than the others con
sider'.•<:! and most l ii<.ely to meet the proposed SSC n1agnet specifications 
on s<.11.,,du le. 

3.2.3 lechnic3.l Alternatives Under Consideration 

Fea~ible alternatives to SSC technical systems are discussed briefly 
below. These are alternatives for 1) detectors and experimental areas 
and 2) injector configurations. 

o Detectors and experimental areas - Alternatives include: 1) a" 
bypass around the interaction areas such that maintenance can 
be done on detectors while the beams are used for other pur
poses, and 2) interaction halls that are "push-pu11• facil
ities where detectors would be assembled in a cavity adjacent 
to the hall and pushed into the beam line position as needed. 

o The energies of the Linac, LEB, MEB, and HEB have many alter
natives which vary energies slightly from those in the con
ceptual design, e.g., an LEB accelerating to 8.3 GeV rather 
than the 8.0 GeV currently in the conceptual design. 

lllternatives ~1ithin detector/experimental halls and injector construc
tion are still under consideration and decision on those alternatives 
will not be made until final design. Implementation of any of these 
alternatives may result in slight adjustments to the placement of facil
ities, changes in building dimensions, and rearrangement of adjacent 
facilities. While a number of these alternatives may be implemented, 
they would not have environmental impacts which are significantly 
different from thbse associated with the current conceptua 1 design. 
They would not result in significantly greater spoils volumes, 
additional land requirements, or additional surface disturbance. The 
ISP-specified land requirements would be sufficient to satisfy any of 
the alternatives being evaluate"d. Therefore, they are not analyzed in 
detail in this EIS, but will be included in the Supplemental EIS. 
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3.2.4 Progrannatic Alternat1ves 

3.2.4.1 Use of Other Accelerators 

Accelerators at two U.S. laboratories. Fermilab (in Illinois) and the 
Stanford Linear Accelerator Center (SLAC) (in California). are currently 
in routine us·e in high energy physics experiments. As was pointed out 
in Chapter 2, these machines do not meet the requirements, in terms of . 
either energy or luminosity, to carry out the objectives for which the 
SSC is being designed. Modifications to these machines to accomplish 
these objectives are either not fe1sible on a predictable time scale 
(SLAC) or would be equivalent in scope to the SSC itself. (Fermilab). The 
European Organization for Nuclear Research (CERH), Geneva, Switzerland, 
has proposed that the tunnel for its soon-to-be-completed electron
positron collider (LEP) be used for an 8-TeV large hadron collider (LHC) 
at some early future time. Although this energy {total of 16 TeY) would 
be lower than the SSC, it would still represent a considerable step 
beyond energies presently available. The USSR has under construction at 
Serpukhov a 0.4-TeV on 3-TeV proton-proton collider with a luminosity of 
1032 to be completed in the 1990's (and has government approval to 
increase the energy to 3-TeV on 3-TeV). In principle, U.S. physicists 
could go to those laboratories to do their research. This would, however, 
defeat one of the most important purposes of the SSC, namely, that it 
•would be the forefront high energy facility of the world and is essen
tial for a strong and creative high energy physics program into the next 
century" (see Chapter 2). 

In reality. there are no alternatives that would fulfill all of the 
objectives of the SSC. Some have suggested U.S. participation in the 
construction of the Large Hadron.Collider {LHC) facility at CERN 

· (Switzerland). LHC would have substantially less physics capability 
than the SSC (its energy would be 40 percent that of the SSC); would 
have less experimental capacity (two experiments running half-time 
compared to four ful 1-time at the SSC); involves substantial technical 
risks in development of 10 T magnets operating at 1.ao K (both beyond 
the state-of-the-art technology. unlike the SSC); would have to operate 
in a luminosity regime where detector performance is questionable; has 
no detailed designs or supportable cost estimates; and has not been ap
proved by the CERN council nor the 14-member countries which fund CERN. 

Although the cost of LHC is not well defined at this time and U.S. 
participation in LHC has not been discussed, it is clear that a sub
stantial- U.S. commitment (probably in excess of $1 billion) would be 
required to get access to a relatively small a1110unt of physics research. 

Others have suggested waiting for a new technology accelerator such as 
an electron-positron linear colHder. Studies by a ttEPAP Subpanel and 
the JASON group (HEPAP, 1983) have both concluded that it would be at 
least a decade before such a machine would be feasible. Stich a facility 
has not been proposed by the scientific conanunfty.· There are no reliable 
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cost estimates for such a facility at this early date when the design is 
unknown. While there is hope that the cost of such a collider might be 
less than that of the SSC, it might also be substantially more. 

3.2.4.2 International Collaboration . 

In the ISP, the DOE specified that "The site proposed must be entirely 
located in the United States of America ..•. • It also stated that 
"International cooperation on the SSC will increase the scientific and 
technological resources available to the project. The DOE will seek 
cost sharing for the SSC from interested countries;" The DOE has been 
actively pursuing the possibilities for international collaboration and 
cost sharing for the SSC. Although considerable interest in such pos
sibilities has been expressed by other nations, they are unwilling to 
make a firm commitment until the U.S. itself makes a firm commitment for 
construction of the SSC. 

3.2.4.3 . Delay of Project 

1he DOE has considered the possibility of delaying f"inal design and 
construction of the SSC until alternative technical procedures become 
feasible for use. However, no advantage would be gained. 

The possibility of using warm superconducting magnets was discussed in 
Section 3.2.2.2. In fact, even if it were possible to build warm 
superconducting magnets at this time, they would not appreciably reduce 
the scope or cost of the SSC. The si1e of the SSC ring is determined by 
the maximum allowable magnetic field of the magnets. The higher the 
field, the smaller the diameter of the ring. The design field of the 
magnets is determined not so much by the maximum current-carrying 
capacity of the superconducting cable as it is by the engineering prob
lem of constraining the materials in the magnets under the tremendous 
forces of the high magnetic field. At this time, it would pose a severe 
engineering problem to design a magnet which would operate at a field 
substantially higher than the present SSC magnet design. Furthermore, 
for the SSC to work at all, the vacuum chambers inside which the beams 
circulate require a vacuum of io- 1 2 torr--close to that in outer space. 
At the temperature of liquid helium, 4 K, such a vacuum can be reasonably 
easily maintained. At higher temperatures, maintaining such a vacuum 
around the 53-mi ring would be complex and even more expensive. There
fore, delaying the SSC until warm superconducting magnets become prac
tical, even assuming that these became available in the near future, is 
unattractive both in terms of no reduction of scope as ~ell as in terms 
of increased engineering problems. 

As was noted in Section 3.2.4.1, the electron-positron linear collider 
at Stanford, the SLAC, is in itself not capable of being modified to 
bring it to SSC specifications. It has also been pointed out in Sec
tion 3.2.1 that the physics programs at a lepton collider complement, 
but do not substitute for, those at a hadron collider. One of the 
purposes of the SLAC was to test the concept of high energy electron-. 
positron coll iders, in particular, to ascertain the difficulty of 
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achieving high energy, high-intensity spot sizes (more accurately, very 
low emittance) at the interaction point of the beams. As ll'as illentioned 
in Section 3.2.1, both this and higher powered klystrons are.required to 
achieve high energy and high luminosity in an electron-positron linear 
collider. It is possible that both of these problems would be solved 
within the next few years, although it is by no means certain. It 1s 
also possible that such a machine would be somewhat less complex than 
the SSC, al~hough this too is by no means certain. The SSC, although 
only in a conceptual stage, relies on technology that exists and has 
been shown to work at Fer~ilab. 

The SSC can be engineered and built and be available for physics research 
by the end of the 1990's. This cannot be guaranteed for other types of 
accelerators at this time. If the SSC isdelayed., one possibility would 
be that CERN would proceed with its plans for .a proton-.proton coll ider 
in the LEP tunnel •. There would undoubtedly be an opportunity for U.S. 
collaborat.ion and participation in this. But it would not be a U.S. 
machine. U.S. physicists might also collaborate in experiments at the 
Serpukhov machine in the USSR. However, since these very large accel
erators are so complex, the time from conception :to avail!!bilitY 1s 
10 years or more (the HEl'AP recommendation quoted above was made in 
1983, and the SSC schedule calls for completion in 1996). If the SSC 
were delayed to wait for more advanced technology, the U.S. would be_ 
well out.of the forefront of the high energy J)hysics field by the turn 
of the century. · 

3.3 NO-ACTION ALTERNATIVE . 

Implementation of the no-action alternative (a decision not to site, 
construct, and operate the .SSC) would jeopardize the future of the U.S. 
high energy physics program, a vital component of the U.S. basic research 
effort, which provides the underpinning for our nation's technological 
strength. The no-action alternative would strip the U.S. of its world 
leadership position in high energy physics that has been held sfnce the 
inception of high energy physics research. Without the SSC, ther.e would 
be a serious exodus of Alllerican scientific talent and experience to 
Europe. Although productive research would continue at Fennilab, SLAC, 
and BNL, these facilities cannot do the research that is planned for the 
SSC and are not likely to remain on the research forefront as new facn
ities come into opera.tfon elsewhere in the world. 

The impacts of implementing the. no-action alternative at any of the site 
alternatives represent a continuation of the current conditions and 
trends (see Chapter 4). The no-action scenarios at each of the site 
alternatives are de.scribed below. 

o Arizona site - Continued multiple use of public lands, 
including grazing, recreation, and Wilderness Study Areas; 
peripheral development from the ·Phoenix metropolitan area; 
increased use as wilderness if portions of the area are so 
designated by Congress. 

1CHP3A3368830 EIS Volume I Chapter 3 



Proposed Action and Alternatives 3-26 

o Colorado - Continued dryland and limited irrigated cropland 
production; continued oil extraction; slow growth of Fort 
Morgan and Brush; continued limited road access to the area 
with few new access roads. 

o Illinois - Continued light industrial and suburban development 
at current rapid rate; declining large tract agriculture;. 
especially in the western portion of the site and more pressure 
toward suburbanization there; continued use of Fermilab for 
high energy research and development. 

o Michigan - Continued use of light industrial and suburban 
areas mixed with wetlands recreation and agricultural produc
tion; some encroachment on wetlands with continued moderate 
suburbanization; continued oil extraction. 

o North Carolina - Continued timber production, light agricul
tural and rural development; some developmental pressure from 
the Durham and Research Triangle Park area; minimal new area 
access by road development. 

o Tennessee - Continued use of Tennessee walking horse farms, 
minimal agriculture, and forested tracts among rural commun
ities; family farms; and truck vegetable/fruit farms; research 
by hydrogeologists, 'biologists, and others in karst ecosystems. 

o Texas - Continued moderate growth of light industrial, service, 
and suburban development with more rapid growth toward the north 
because of easy access to the Dallas-Fort Worth area; continued 
agricultural use of land, especially in the south portion. 

3.4 SITE ALTERNATIVES 

The seven site alternatives represent the reasonable site alternatives 
for construction and operations of the proposed SSC. Table 3-3 presents 
the state-proposed adaptations of the conceptual design presented in the 
ISP. Technical systems adaptations, with the exception of those noted 
in the table, were incorporated into the impact analysis. Estimated 
acreage requirements for proposed transportation and infrastructure 
facilities which are directly required for the SSC are summarized in 
Table 3-4. 

The ISP specifies that acquisition of land will be the responsibility of 
the state selected. The specific land acquisition plans proposed by the 
states are summarized in Table 3-5 by acreages and in Table 3-6 by 
parcels. Table 3-6 also presents the numbers of relocations anticipated 
by the land acquisition plans. 
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Table 3-3 

..... STATE-PROPOSED SITE-SPECIFIC ADAPTATIONS TO THE SSC CONCEPTUAL DESIGN 
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Table 3-3 (Cont) 

... STATE-PROPOSED SITE-SPECIFIC ADAPTATIONS TO THE SSC CONCEPTUAL DESIGN 
n AS SPECIFIED IN THE ISP ~ 
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STATE-PROPOSED SITE-SPECIFIC ADAPTATIONS TO THE SSC COHCEPTUAL DESIGH 
AS SPEClFIEO IH THE ISP 

;s~~~~~~~~~~~~--'~~~~~~~~~-'-~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

t; SSC Component AZ co IL Ml NC TN TX 
~=======================================================-=====================================
~ \tater Supply: ... 
~ HI les to 

campus. and 
source 

Miles tO-far 
cluster, and 
source 

11 
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53 
frcrn campus 
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f State proposed odapt4tions were not used in this EIS to allow for c001P4rative analysis between sites. See Appendi• l. 
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Table 3-4 

ESTIMATED ACREAGE REQUIREMENTS FOR 
PROPOSED TRANSPORTATION, INFRASTRUCTURE FACILITIES* 

ElOCtric ------ -- Natu-rar--Teleciiimuni-
State Total Roads Rai 1roads Tr .. nsmission Water Sewage Gas cat tons 

= 
A1·izo11a 1.418 891 55a 455a 7• f 0 0 
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Texas 285 ts 0 70" 55• f 3oa 0 
(easement) (easement) (easement) 

• Based on proposal infonnation. Firm re~uirements ha~e not been established. 
a Estimate; facility proposed but no area given 
b Miscellaneous utt lities 
c All utilities except comni.:ntcations; 72 acres or 482 acres depending upon which electric utility 

company provides power 
d Treatment plant 
e Estimate; several alternatives proposed 
f Included in c&nous acreage 

-- Spoils 
Disposal 

sacaton 
Mine 

140 acres 
8 sites 

4 sites 

8 sites 

315 acres 
17 sites 

364 acres 
35 sites 

65 acres 
10 sites• 

.... ... 
0 

""' 0 
Cl> 
tD 
Q. 

> n .. -· 0 
:::s 

"' :::s 
Q. 

> -.... 
tD 

~ 
"' .... -· < 
tD .. 
w 
' w 

0 



-
~ ... e 
~ 
:s: 

,.,., -V> 

< 
0 ..... 
~ -g 
i .. ., ... 

Table 3-5 

SUMMARY OF SITE-SPECIFIC LAND ACQUISITION PLANS - ACREAGEsa 

rSPArea 
North Carolinah Reqwired Arizona Colorado 111tnols9 Michigan 

X of % of X of X of X of X of 
Acres Total Acres Total Acres Total Acres Total Actes Total Acres Tot•l 

PROPOSEO ACREAGES 

Tota 1 Acreage 15,830 100.0 15,830 100.0 15,830 100.0 18,648 100.0 16,025 100.0 15,897 100.0 
Fee Simple 7,690 48.6 15,830 100.0 7,690 48.6 10,508 56.3 7,885 49.2 7,950 50.0 
Strat. Fee 8,140 51.4 0 0 8, 140" 51.4 8,140 43.7 8,140 50.8 7,947 50.0 

cANO OWNERSHIP 

Federal Land, Total 9,7481 61.6 0 0 6,800 36.5. 0 0 0 0 
Fee Simple 9,7481 6.800 
Strat. Fee 0 0 

State Land; Total 1,007 6.3 780 4.9 b 285 1.8 1,389 8.7 
Fee Simple 1,007 240 0 1.132 
Strat. Fee 0 540" 285 257 

Local Govt. Land, Total 0 0 0 0 b 77 0.5 71 0.4 
Fie $impl1 0 1 
Strat. Fee 77 70 

Private land. Total 5,075 32.l 15,050 95.1 11,848 63.5 15,663 97.7 14.437 90.8 
Fee Simple 5,075 7,450 3,708 7,885 6,817 
Strat. ~ee 0 7,6000 8,140 7,778 7,620 

Other land, Total 0 0 0 0 0 0 O· 0 0 
Fee Simple 
Strat. FH 

ADlllllOllAI, AVA!l.AS\.E LANO 

Potentially Ava flab le Acreage 267 2.600 f f f 

a Arets JI ... [ only, based on proPosal data, see paragraph 4.4 
b Areas i»t provided; Included in private property 
c One schoo 1 s Ito 
d State and county road right-of-way 
e The State of Color1do h11 proposed to acquire 62,680 acreo but will fumloh ... 1y that reported to DOE 
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Table 3-6 

SUMMARY OF SITE-SPECIFIC LAND ACQUISITION PLANS - PARCELS** 

PROPOSED PARCEL ACQUISITION 
Total Number of Parcels 

Affected 

Fee Simple 
Strat. Fee 

Affected Parcels, 
by Ownership 

Federal 
State 
Local 
Private 

Total Nunber of 
Ownerships 

Fee Simple 
Strat. Fee 

Tota 1 N1111ber of 
Relocations 

* Not furnished by the State proposal 

Arizona 

224 

224 
0 

82 
5 
0 

137 

139 

139 
0 

6 

.... Areas A-l only, based on proposal data, see Section 4.4 

Colorado 

157 

157 
0 

0 
4 
0 

153 

67 

67 
0 

23 

Illinois Michiga!'I 

3,305 801 

437 333 
2,868 468 

• • 

2,750 687 

* 286 
• 401 

219 221 

North 
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826 

• 
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Site adaptations are discussed in the Engineering Description .(see 
Appendix 1) and in Land Acquisition {see Appendix 4) and are evaluated 
in the detailed impact assessments (see Chapter S). These sites are 
analyzed with respect to current conditions and baseline trends 
described in Chapter 4. 

3.4.1 Arizona Site 

The proposed site is located approximately 30 mi southwest of Phoenix, 
Arizona, in the southern portion of Maricopa County (see Figures 3-7 aAd 
3-8). The proposal located 11.9 .mi (22 percent) of the collider ring in 
cut-and-cover tunnel and the remainder tn a tunnel boring machine (TBM) 
tunnel. The proposal limited the maximum depth of the cut-and-cover 
tunnel to 80 ft below the existing ground surface. In some areas the 
proposed cut-arid-cover tunnel was actually greater than 80 ft, and for 
these. areas this was changed to a TBM tunnel. The proposed cut-and-cover 
tunnel, which crossed the Gila Bend-Maricopa Road, the Southern Pacific 
Railroad tracks, and the Butterfield Stage Route, was also changed to a 
TBM tunnel. This resulted in 6.0 mi (11 percent) of the collider ring 
in a tut-and-cover tunnel and the remaining 47 mi (89 percent) in a TBM 
tunnel, which was used for purposes of the DEIS. The tunnel would be 
constructed in unsaturated materials including fanglomerates, granite, 
and interbedded volcanic and sedimentary rocks. The tunnel would be 
entirely above the water table . 

. The Maricopa region of the Sonoran desert iS arid and vegetated by two 
principal plant associations, the Lower Colorado and Arizona Upland 
desert scrub. This site is the least developed of the seven BQl sites; 
more than 60 percent is public land administered by the Oepart111e11t of 
Interior, Burea11 of Land Management (BLM). · 

There are no changes proposed to the technical systems from those 
presented i.n the ISP. 

The site-specific adaptation of the SSC to this site would include 
development of significant infrastructure and transportation support. 
Tables. 3-3. ·and 3-4 summarize these adaptations. For example, 101 mi of 
new .road and 20 mi of .road upgrades are proposed by Arizona. An alter
native road plan for Arizona was developed by the EIS preparers to miti
gate· impacts that would result from the plan proposed by Arizona; and 
because of the anticipated unavailability of the Estrella Freeway, as 
discussed in Appendix 14; The alternathe plan includes 60 mi of new 
roads and 20 mi of road upgrades. Six mi of new railroad siding are 
proposed by Arizona. The proposed source for all on-site project water 
requirements is groundwater from an existing but unused well field 
immediately to the southeast of the site. A new wastewater treatment 
plant is proposed on site. 

The estimated bulk volume of excavated earth materials from tunnels and 
shafts would be about 2.45 million ydl. 
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Figure 3-7 

REGION OF THE PROPOSED ARIZONA SITE 
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Figure 3-8 
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Arizona has proposed four alternatives for the disposal of the rocks and 
earth material: 1) to use the Sacaton mine, 2) to use the New Cornelia 
mine, 80 mi away, 3) to spread the excavated material 1 ft thick over a 
1 mi area within the high energy booster (HEB) ring, or 4) to take the 
excavated material to Phoenix (about 70 mi away) for use as building 
material. 

About 288 truckloads per day would be required to haul away the exca
vated materials if six TBM's operated simultaneously. 

The only proposed change to land acquisition is the use of the far cluster 
lands by a mixture of land withdrawals and right-of-way permits from the 
BLM. More than 60 percent of the land requirements may be satisfied by 
land withdrawal and right-of-way permits on lands administered by the 
BLM. There are approximately 5,075 acres of fee simple lands currently 
in private ownership. These represent 137 owners, but because of the 
large number of absent owners would result in only six relocations. 

3.4.2 Colorado Site 

The proposed site is located approximately 65 mi northeast of Denver and 
includes portions of Adams, Morgan, and Washington Counties (see Figures 
3-9 and 3-10). The entire tunnel would be constructed by tunneling 
techniques in Pierre shale (a claystone) below the water table. The 
injector facility would be constructed by cut-and-cover. 

This area is primarily a dryland and irrigated farming district. Approx
imately 90 percent of the lands designated in the proposed fee simple 
areas are farmlands. The remainder are largely rangelands. Floodplains 
and swales make up approximately I percent of the fee simple area. 
Small palustrine wetlands located in swales are the most common wetland 
systems present, although lacustrine and riverine wetlands are also 
present in the region. There are few perennial aquatic systems in the 
immediate area of the proposed ring. There are substantial aquatic 
resources in the region, however, including the South Platte River and 
several reservoirs and irrigation impoundments. 

There are no changes proposed to the technical or conventional systems 
from that presented in the ISP. Table 3-3 summarizes site-specific 
adaptations to infrastructure and utilities. Competition for aggregate 
and water may be increased by the implementation of the project. See 
Sections 5.1.1, 5.L3, and 5.2.1 for discussions. 

Tables 3-3 and 3-4 summarize the proposed additions and upgrades in 
transportation and infrastructure systems at the Colorado site. These 
include 94 mi of new roads, most of which are represented by one new 
two-lane road extending directly east from Interstate 76. About 90 mi 
of road upgrading is also included in the proposed site adaptation. 
Approximately 100 mi of new power lines would be needed to support the 
service areas. 
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Figure 3-9 

REGION OF THE PROPOSED COLORADO SITE 
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Figure 3-10 
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Morgan County Quality Water District's existing water wells would be 
used for project needs. However, there are several alternatives for 
water supply (see Section 4.3 and Appendix 7). An on-site wastewater 
treatment plant is proposed (see Table 3-4). 

The estimated bulk volume of excavated earth materials from tunnels and 
shafts would be about 2.6 million yd 3 • 

The four alternatives proposed by Colorado for the disposal of the ex
cavated rocks and earth materials are: 1) to use the excavated materials 
for the construction of a flood-control structure (levee) near the City 
of Brush, 2) to use eight disposal sites: approximately 140 acres 
material height 14 ft and maximum hal.lling distance, about 11 mi away, 
3) to use the material to make lightweight aggregate for foundations in 
roadway embankments, and 4) to liiw! newly constructed reservoirs. 

About 288 truckloads per day would be required to haul away the exca
vated materials if six TBM's operated simultaneously. 

Approximately 95 percent of the proposed land is currently in private 
ownership. There are 157 parcels within the fee simple estate. 
However, because the main land use is large scale agriculture, the 
num.ber of relocations would be small; a total of 23 is estimated. 

3.4.3 Illinois Site 

The proposed site is located approximately 40 mi west of Chicago in the 
northeastern partion of lllino\s and includes portions of Kane, DuPage, 
and Kendall Counties (see Figures 3-11 and 3-12). The entire tunnel would 
be constructed by tunneling methods in dolomite below the water table. 

Much of the eastern portion of the site is suburban, intensively used 
for housing developments and convnercial, light industry. The western 
portion of the site is intensively managed for agriculture. Although 
the Illinois site contains few ecologically natural areas, there are 
diverse biological resources in the area. Wetlands are abundant through
out the area. Palustrine wetlands are most common, and lacustrine and 
riverine wetlands are also present. The Fox River runs north to south 
through the site, and remnant prairie and savannah areas are present. 

There are a number of proposed site adaptations for the SSC in Illinois 
(see Tables 3-3, 3-4, and 3-5). -The principal one is the use of the 
Fermilab accelerator tunnel, 4 mi in circumference, as the SSC injector. 
Also there are several existing Fermilab facilities that are proposed to 
be shared. 

Other adaptations include altered shape and location of A, 8, and C 
areas totally within the boundaries of Fermilab, moving or rotating 
several of the access or service facilities, including: E3, E7, ES, and 
E9 as well as F3, FS; F6, F7, and F9. The buried beam access zones 
(Jl-J5) are adapted by moving and rotating them slightly. 
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Figure 3-11 

REGION OF THE PROPOSED ILLINOIS SITE 
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Figure 3-12 
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There are few transportation and infrastructure upgrades proposed. 
Project water supply will be provided by an expansion of the existing 
Fermilab well field, a new well field for the far cluster, and connec
tions to municipal supply systems for two of the remote service areas. 
Existing municipal sewage treatment-plants are proposed to service the 
SSC. 

The estimated bulk volume of excavated earth materials from tunnels and 
shafts would be about 3 million yd3. 

Four quarries have been proposed by the state as disposal sites for the 
excavated material. These quarries would stockpile the excavated mate
rial and gradually blend them with their own produced material and sell 
the combined product. The combined volume capacity of these sites is 
about 14 million yd3. The maximum hauling distance to these quarries is 
about IO mi. 

An additional alternative would be to sell the dolomite if the chemical 
analysis .shows that there is enough alkalinity. About 288 truckloads 
per day would be required to haul away the excavated materials if six· 
TBMs operated simultaneously. 

The lands proposed for the SSC in Illinois are 64 percent in private · 
holdings (see Tables 3-5 and 3-6). Other lands include the Fermilab 
reservation. In the fee simple area there are 437 parcels. There are 
219 relocations estimated. The estimate of relocations may vary as much 
as 50%. 

3.4.4 Michigan Site 

The proposed Michigan site is located approximately 35 mi northwest of 
Ann Arbor in the southern portion of the state (see Figures 3-13 and 
3-14). It includes portions of Ingham and Jackson Counties. The entire 
tunnel would be constructed by tunneling methods through shales, lime
stones, dolomites, and sandstone below the water table. 

The site is ecologically diverse, and includes numerous forest and wet
land areas. A variety of wetlands are present including open water, 
forested, scrub-shrub, and emergent palustrine systems. Diverse land 
uses exist in the area including agriculture, timber production, game 
production, and recreation. 

The technical system adaptation proposed at the Michigan site is the 
location of the MEB and HEB 20 ft below the ring. No design or cost 
estimate exists for an MEB and HEB at this level, which would also 
involve undesigned access shafts and other unknowns. Therefore, for 
purposes of the analysis in the EIS, this adaptation was not considered 
(see Volume IV, Appendix 1). Adaptations to the conventional facilities 
include reconfiguration of A, B, and C areas, the reduction of the size 
of C area, and movement of F2, F3, F4, and several J areas (Jl-J4). 
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Figure 3-13 

REGION OF THE PROPOSED MICHIGAN SITE 
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Figure 3-14 

PROPOSED MICHIGAN SITE 
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There are 10 mi of new road proposed; but about 100 mi of road are 
proposed to be upgraded to serve the SSC. The proposed water source is 
an expansion of the existing Stockbridge well field and new wells at 
remote sites. An existing municipal wastewater treatment plant is also 
proposed for use (see Tables 3-3, 3-4, and 3-5). 

The estimated bulk volume of excavated earth materials from tunnels and 
shafts would be about 2.6 million yd). 

The disposal options for the excavated materials proposed by Michigan 
include: 1) Commercial processing of acceptable inert material, 
2) disposal of inert material unacceptable for commercial processing at 
any of eight quarries located along the periphery of the collider ring 
(maximum hauling distance 20 mi), 3) transporting leachable material 
(shale containing pyrite, coal containing sulfur, and gypsum) to type II 
or type III landfills. 

An alternative to the state's proposals would be to treat leachable 
materials (pyrite, coal containing sulfur, and· gypsum) and make them 
non-leachable or reduce their leachability significantly. 

The proposed Michigan site is almost totally held in private ownership 
(see Tables 3-5 and 3-6). There are 333 parcels in the proposed fee 
simple area. The number of relocations estimated to be required are 
221. 

3.4.5 North Carolina Site 

The proposed site is located in the north central portion of North 
Carolina, approximately 15 mi northeast of Durham (see Figures 3-15 and 
3-16). It includes portions of Person, Granville, and.Durham Counties. 
The entire tunnel would be constructed by tunneling in granite and 
metamorphosed volcanic and sedimentary rocks below the water table. 

The North Carolina site is in a biologically rich Piedmont area, in the 
headwaters of three major streams. Much of the site is undisturbed by 
farming or urban development and is dominated by forest, including mixed 
deciduous upland and lowland species and shortleaf pine stands, espe
cially mixed with oak. Wetlands present include emergent and forested 
palustrine systems associated with streams and farm ponds, riverine 
systems, and also lacustrine systems in the form of man-made reservoirs. 
Commercial timbering is much more important than the cropland agricul-
tural production in the area. • 

There are no adaptations proposed to either the technical or conven· 
tional facilities (see Table 3-3). Approximately 40 mi of new road are 
proposed to be constructed and approximately 10 mi of road upgrading 
would be required. Twenty-one mi of gas pipeline would also be 
installed to support the SSC (see Tables 3-3 and 3-4). 
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figure 3-15 

REGION OF THE PROPOSED NORTH CAROLINA SITE 
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Figure 3-16 

PROPOSED NORTH CAROLINA SITE 
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Water supply for the various facilities is proposed from existing reser
voirs including Lake Butner and Mayo Reservoir, and new wells in the 
area. Sewage treatment would be supported by existing municipal systems 
(see Table 3-3). 

The estimated bulk volume of excavated earth ~aterials from tunnels and 
shafts would be about 2.7 million yd 3 • 

The State of North Carolina has proposed 1) to dispose of the excavated 
materials at 17 different locations (maximum hauling distance would be 
less than 4 mi) or 2) to sell or donate excavated material to local 
producers of aggregate. 

About 288 truckloads per day would be required to haul away the exca
vated materials if six TBM's operated simultaneously. 

Ninety percent of the proposed North Carolina site is in private owner
ship (see Tables 3-5 and 3-6). There are 687 parcels in the proposed 
fee simple area. An estimated 180 relocations are required. The number 
of relocations could vary as much as 703. The number of relocations are 
small compared with the number of parcels due to the large number of 
forests and woodlots. 

3.4.6 Tennessee Site 

The proposed site is in the central basin of Tennessee, approximately 
30 mi southeast of Nashville (see Figures 3-17 and 3-18). The site 
includes portions of Bedford, Marshall, Rutherford, and Williamson 
Counties. The tunnel would be constructed entirely by tunneling tech
niques in homogeneous limestone lying below the water table. 

The central basin of Tennessee is one of the most ecologically diverse 
in the region and is the host of many relict populations. The area is 
dominated by mixed deciduous forest. Agricultural production is 
small-scale, as is timber production. Livestock includes the Tennessee 
walking horse. There are several specialty ranches in the immediate 
vicinity of the proposed site. Although there are significant wetlands 
in the region, wetlands are not a prominent feature of the project area. 
Most of the wetlands present are farm ponds; forested, emergent, and 
riverine wetlands also occur in the area. Aquatic resources in the 
region include the Duck River. 

The one proposed adaptation to the technical systems at the Tennessee 
site is the use of an injector facility located near tunnel depth (see 
Table 3-3). For the purpose of this analysis, all of the booster 
facilities were assumed to be located at the surface in cut-and-cover 
construction similar to the other site alternatives. 

There are a few adaptations of the conventional facilities: location of 
E7, and alternate shapes to F2, JI, J2, and J4 (see Table 3-3). 
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Figure 3-17 

REGION OF THE PROPOSED TENNESSEE SITE 
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Figure 3-18 

PROPOSED TENNESSEE SITE 
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Minor requirements for transportation and infrastructure development are 
proposed (see Tables 3-3 and 3-4), including approximately 13 mi of new 
roads, 30 mi of power lines to substations, and 15 mi of gas service. 
Tennessee proposes to use the Consolidated Utility District of Rutherford 
County, Bedford County Utility District, College Grove Municipal System, 
and Marshall County Board of Public Utilities ·for water service for the 
SSC. Sewage treatment would be provided by the municipal facilities, 
approximately 6 mi from the campus area. 

The estimated bulk volume of excavated materials from tunnels and shafts 
would be about 3 million ydl. 

The State of Tennessee has proposed three alternatives for the disposal 
of the excavated materials: 1) the limestone could be crushed and used 
by contractors during site development for roadway surfacing, road· bases, 
asphalt mixes., concrete aggregate, and construction embankment materials, 
2) the limestone could be sold, and 3) the limestone could be permanently 
disposed of at about 34 disposal sites: excavated material hauling 
distance would be less than 1 mi. 

About 288 truckloads per day would be required to haul the excavated 
materials if six TBM's operated simultaneously. 

All pnoposed lands in Tennessee are currently in private ownership (see 
Tables 3-5 and 3-6). There are 434 parcels. Anticipated relocations 
total 128. There are many morE! parcels than relocations due to 
agricultural land use. 

3.4.7 Texas Site 

The proposed site is located in the northeast portion of Texas, approx
imately 25 mi south of Dallas and 35 mi southeast of Fort Worth (see 
Figures 3-19 and 3-20). ·The proposed site is entirely in Ellis County. 
The facility would be constructed by tunneling techniques in chalk and 
marl between the underlying regional water table and an overlying, 
areally extensive veneer of saturated sediments and isolated perched 
aquifers. 

The Texas site is located in the arid transition between the eastern 
deciduous forest and the plains. The forests in the area are primarily 
north of the site and have canopy heights which are much lower than those 
typical of the eastern and midwestern sites since water is relatively 
scarce. However, there are significant water resources in the area, 
including Lake Bardwell. Wetlands are not a prominent feature of the 
project area in Texas. Most of the wetlands are small stock ponds, and 
some palustrine forested wetlands also occur in the region. Most of the 
forested wetlands are confined to riparian areas associated with 
ephemeral streams. Agricultural and livestock production are important 
in the area of the ring. 
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Figure S-19 
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Figure 3-20 
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There are no proposed site adaptations to.the technical or conventional 
designs (see Table 3-3). Few additional facilities in infrastructure 
are proposed (see Tables 3-3 and 3-4). About 30 mi of new road and 
23 mi of road upgrades are proposed. 

Existing municipal water supply facilities are proposed to support the 
SSC ca111>us and far cluster. These systems have sufficient excess 
capacity to support project needs. Remote service areas will be 
supplied by new wells. Sewage will be treated by an on-site plant. 

The estimated bulk volume of excavated earth materials from tunnels and 
shafts would be about 2.6 million yd> and would consist of Austin chalk 
and marl. 

The State of Texas has proposed two alternatives for the disposal of 
Au~tin chalk and two for marl. These alternatives for chalk are: l} to 
sell Austin chalk to the TXI cement manufacturing company - the maximum 
hauling distance would be about 25 mi (there could be 288 truckloads per 
day to the TXI plant if six TBM's operated simultaneously); 2) to use 
Austin chalk for road construction. Marl disposal alternatives are: 
I) to dispose of marl in four quarries, or 2) to dispose of marl at new 
landfills close to shafts. · · 

Approximately 95 percent of the proposed site is currently in private 
ownership (see Tables 3-5 and 3-6). There are 318 parcels; 175 re
locations are anticipated. 

3.5 COMPARISON OF IMPACTS AMONG SITE ALTERNATIVES 

The impacts of constructing and operating the SSC have been evaluated 
for each of the seven site alternatives. The detailed analysis of 
impacts is presented by the type of resource affected, by state, in 
Chapter 5. The comparison of impacts to resources among sites is sum
marized in Table 3-7. A preliminary deconwnissioning plan and order of 
magnitude cost estimate is given in Volume IV, Appendix 3. 

There would be both temporary impacts and irreversible and irretrievable 
adverse impacts frOID constructing and operating the SSC at any of the 
site alternatives. These impacts were estimated assuming that 
mitigations summarized in Section 3.6 as design-controlled or 
DOE-committed would be applied. Cumulative impacts which would result 
from implementing the SSC are discussed below. See Section S.2 for a 
more detailed discussion of cumulative impacts. 

Natural and depletable resources would·be consumed in the construction 
and operations of the SSC. These res-0urces include sand; gravel; aggre
gate; derived materials such as cement, gypsum, glass, steel; and power 
and water. In addition, land would be consumed in the development of · 
the SSC. Construction materials required for the SSC technical and con
ventional facilities represent less than 5 percent of the annual produc
tion of the individual resources (see Section 5.6). Table 3-8 summarizes 
the impacts of SSC-related consumption of natural and depletable resources. 
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Table 3-7 

"' POTENTIAL IHPACTS OF CONSTRUCTING ANDOPERATING THE SSC AT SITE ALTERNATIVES 
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Table 3-7 (Cont) 

POTENTIAL IMPACTS OF CONSTRUCTING AND OPERATING THE SSC AT SITE ALTERNATIVES 

Impacts 

Nunmer of people living 
with a 60-70 d8A back
ground during 
construction 

Nunmer of people living 
in areas with a 55-60 
dBA background during 
operattons 

Habitat loss: 
sens1ti.,,e 
comnuntttes, 
comnerctal and 
recreat1ona 1 

Wetlands4 

Arizona 

0 

0 

Sonoran desert 
cactus 1oss 

G11a monster/ 
desert tortoise 
habitat loss: 
E, F, 8 areas 
where found 

Colorado 

3 

3 

Short-grass 
prairie 
habitat loss 
negligible; 
pronghorn 
antelope 
habitat loss 
possible 

8ighorn sheep 
impact-negligible 

None 4 acre 
(B, El) 

11 llnois Michigan 

1,246 408 

45 24 

Agriculture/ Cultivated 
urban intensive land. sane 
managed land. timber habitat 
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habitat loss 
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cultivati0!1 
or urban use. 
s,,.. rennant 
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possible 
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F!O, J6) no. K<l 

!lorth 
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705 

60 

Some un-1 que 
habitat loss 
possible 
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24 19 
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re llct plant '°"" black land 
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... POTEHTJAL lMPACTS OF CONSTRUCTING ANO OPERATING THE SSC AT SITE ALTERNATIVES 
<"' :z:; .., ... 
ti ... North en 
(I) lmpacte Artzon• Color•da l 11lno\s Michigan Caro Jina Tellflfls.see Texas (I) 
en 
Cl1 ---· 

Radiation 
Increase In dose 
to max Ima lly 
exposed Individual: 
(1' of background) 

Con•truction 0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
(lperat tons 0.002 0.003 <Q.001 0.001 <0.001 <0,001 <0.001 

(% of limit 
40 Cfll 61) 

Construct Ion 0 0 0 0 0 0 0 
O?orat1oni o.ooa 0.012 0.016 0.012 0.004 0.008 0.008 

Increase In dose 
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popul•tlOfl due to: 
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0 .., 
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< ::J 
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' - POTENTIAL IMPACTS OF CONSTRUCTING AND OPERATING THE SSC AT SITE ALTERNATIVES 

<"> ::: ,. ... 
> ... ... North 
°' ()0 Impacts Arizona Colorado 1111no1s Michigan Carolina Tennessee Texas ()0 

°' "" 
Pr !me • important 0 819 197 341 955 606 588 

farmlands converted 
for SSC use (acres) 

Ratio of pri1111 & 0 0.0005 0.0003 0.0006 0.001 0.0014 0.0015 
Important farmlands 
converted for SSC use 
to affected County 
inventory 

Scenic/visual Region'l Negligible8 Local Local Local Local Reglonal7 
!""act 

Historical sites 109 To be 10911 3lZ To be To be To be 
!dent if tedlO ldentlfledl3 Identified ldentlftedl5 

Prehistoric/ 79 To be 5511 To be To be To be To be .,, 
archaeological ldentlf ledlO identlf tedlZ identlftedl3 !dent ifiedl4 ldentiftedl5 "'I 
sites 0 .., 
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Hunter of jobs "' RI 
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Vl -· < 0 
0 Indirect, peak yr " ~ Construction 5,610 6,453 7 ,044 5,838 5,859 5,756 5,923 "' c: % Increase 0.39 0.45 0.18 0.26 0.57 0.81 o.z8 " 3 Cl. CD - Direct, first yr > 

~ 

<"> 
Operations 3,248 3,Z48 3,Z48 3,Z48 3,248 3,Z48 3,248 .... 
X. increase 0.18 0.19 0.08 0.14 o.z8 0.40 0.13 RI :::r "'I 

"' " "Cl Indirect, first yr "' ..... .... ... Operations Z,912 3,133 3,796 3,074 3,151 3,638 3,265 -· "'I X increase 0.16 0.18 0.09 0.13 O.Z7 0.45 0.13 < 
RI ... 
"' 
w 
I 
tn co 

,. 
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- POTENTIAL IMPACTS OF CONSTRUCTING AND OPERATING THE SSC AT SITE ALTERNATIVES 
n :c 
"'Cl w 
> 
"" "" North O'I 
CD Impacts Arlzcna Colorado l11inois Michigan tarolina Tennessee TeXas CD .... 
0 

Tota 1 SSC· re ·1ated 
earnings, peak. yr, 

Cor:gtruction 
(10 1988 $) 31Z.6 327.3 336.0 318.2 266.4 259.9 304.6 
'X increase 0.88 0.98 0.34 Q.54 1.35 l.96 0.58 

Total SSC-related 
earn~ngs. first yr 

Operatior..s 
(106 1988 $) 180 3 181.1 207 .7 185.8 162.5 174.9 186.4 
X 1ncrea!it 0.42 0 46 0.20 0.30 0.74 l.18 0.30 

Olrect SSC sales 
demarid. peak yr 

Conitruct ion 
Ho 19ea SJ 250.4 255.6 231.4 240.8 238.Z 216.2 Z30.4 

"'O 
Direct SSC sales ~ 

0 
demand, first yr 'O 

Operations 0 

"' (!OS 1988 $) 159. l 150.4 146.8 157.4 143. 5 151 .2 144.5 11> 
Q. 

Total SSC-related > ,..., sales, peak yr n - ..... ..., Co~truct ion ~ . 
(l 1988 $) 370.5 479.8 496.5 465.0 415.1 404.2 446.7 0 

< "' 0 
~ Tot•l SSC-related "' <: "' 3 sa.1es, first yr Q. 
11> Operations > - (lOb 1988 $) 235.8 268. l 301.7 282.1 247.8 281.2 267.9 ~ 

..... 
<"'> Total Population "' ::r ~ 

"' lmpact, pe•k yr20 :I. '!:> 

"' ..... Construct ion 13,243 8,349 9,886 6,676 15,057 14,639 9,884 ..... 
11> X increase 0.43 0.38 0.)3 0.14 0.113 l.12 O.Z8 -· ~ < ... "' Total Population 

.,,. 
Impact, fir•t yr20 

"" Operations 10,486 6,299 8,250 5.293 
0
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_._-[.:_ ... '° 
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- POTENTIAL IMPACTS OF COHSTRUCTIHG AND OPERATING THE SSC AT SITE ALTERNATIVES 
n 
::c .... 
w ,,. 
w ..... 

North °' co Impacts Arizona Colorado Illinois Michigan Carolina Tennessee Texas co ...... -
Housing derno•d, 
peak yr 

Construction 3,614 2,290 2,700 1,830 4,070 3,990 2,700 

Housing demand, 
first yr 

Operations 2,459 1.520 1.950 1,260 2,870 2,970 1,880 

Schoel 
enrollments, 
peak yr 

Construct ton 2,759 1,700 2,029 1,374 2,972 2,988 2,031 
X \ncrease 0.4 0.4 O.l 0.1 0.8 1.1 0.3 

School 
enrollments, 
first yr .... 

Operations 2,510 1,463 2,004 1,262 2,813 3,.058 l,900 ... 
0 

X increase 0.3 0.3 0.1 0.1 0.7 0.9 0.2 .., 
0 

"' Additional R> 
teachers needed, 0.. 

peak yr > ,..., 
Construction 143 90 99 63 170 147 113 

.., .... .... 
"' X increase 0.4 0.4 O.l 0.1 0.8 1.1 0.3 ~. 

0 
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~ 
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c "' 3 first yr 0.. 
R> . Operations 130 78 98 58 161 IS! '106 > .... % increase o.3 0.3 0.1 0.1 0.7 0.9 0.2 ~ ..... 
n R> ... Total pub lie ... ... employment, "' .., .. .... peak yr .... 
"' Construction 477 296 329 210· 495 456 368 

~ ... < 
X increase 0.4 0.4 0.1 0.1 0.8 1.1 0.3 R> ..... "' .... 
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...... POTENTIAL IMPACTS OF CONSTRUCTING AND OPERATING THE SSC AT SITE ALTERNATIVES 
("") 

::c ..., 
w 
:> w 
w North "' ()0 Impacts Arizona Colorado Illinois Michigan Caro Jina Tennessee Texas ()0 ..... 
"' ---

Tota 1 pub lie 
employment, 
first yr 
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% increase 0.3 0.3 0 •. 1 0.1 0.7 0.9 . 0.2 

Net SSC-related 
changes in state 
govenunent revenue 
peak yr 

Construction 
($ million) 11.2 ll.4 10.9 12.4 15.2 ll.l 5.8 

Net SSC-related 
changes in state 
government revenue 
flf'St yr ..., 

Operations .... 
0 

($ millioo) 4.4 4.5 6.0 4.6 8.4 5.6 3.2 .., 
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changes in local Q.. 
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< :s 
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1516 

II> 
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Table 3-7 (Cont} 

POTENTIAL IMPACTS OF CONSTRUCTING AND OPERATING THE SSC AT SITE ALTERNATIVES 

North 
Impacts Arizona Colorado I llinols Michigan Caro11na Tennessee Texas 

M 11es road upgrades 20 91 20 99 10 12 23 

M11es I· lane road 8 2 l 2 z 3 4 

Upgrades 
interchanges 0 0 2 0 3 0 l 

Indirect traffic 
increase {1') 0.4 14 1 1 3 4 3 

l. 
2. 
3.· 
4. 

s. 
6. 
1. 

8. 
9. 

10. 

11. 
12. 

13. 
14 . 
15. 
16. 
17. 
18 . 
19. 
20. 

Approximately 30 wells withi~ 1 m1 of ring; number.affected uok.nO\lln. 
Two aggregate quarrias near ring; may be affe~ted. 
Area of land near E·and F sites that would experience an increa3e in ambient noise levels greater than 10 dBA. 
The maxim&ln acreage of wetlands that could be t~acted during construction of surface facilities for the proposed action. Wetlands occurring 
within Area t, the J sites, and sites K3 and 1<4 are not considered here because these sites ere future ·expansion areas and may not be developed 
{see Section 3.7.3). -c 
Ass\11\eS that low level radioactive wastes would be transported to Richland, Washington. ~ 
Ass"""s 2 truck drivers with lZ trips per year to Richland, \iash\ngton. -c 
Arizona: Due to tmpacts en region.slly tmportar1t r-e:sources. Texas: All are local tmpacts except one. V1ews from a. regionally i11'3ortant ~ 
recreational iake may be affected. . '°' 
Because of the very low lh'l'Ulatior. density in the Colorado site area, few people would vi"" project facilities. "'-
Cultural resource surveys of the Arizona site may have been completed In known Impact areas. Other sites may be found In ancillary loo 
acttvity/constructioti areas. Evaluations of known sites are not CD11"3leted. ~ 
Historic and prehistoric/archaeological surveys have not been performed at the Colorado site. However, sites are anticipated. ~. 
~articularly along drainage channels. ~ 
Known sites based on surveys to date at Illinois site. Further swrveys to be perfonned. Additional sites are anticipated. 
Prehistoric/archaeologfcal surveys have not been performed at the Michigan site. However, numerous sites are anticipated, particularly 
in up1and and ~et land locations. 
Historic and prehistoric/archaeological surveys have not been performed at the North Carol1na site. However, sites may be encountered. 
Historic and prehistoric/archaeological sutv~ys _h.!:ve not been perfonned at the Tennessee site. however. t1tes may be encountered. 
H1storic and prehistoriciarchaeological surveys have not been perfonued at the. Texas s\te. However, sites way ~·encountered. 
Road impac_ts for Arizcina are based on an alterr1attve road plan as discussed in Volume I. Chapter 5. 
Two proposed rock quarries near ring; may be affected. · 
Approximately 25 wells within 1 mi of ring; nunber affected unknown. 
Two rock. quarries near ring; may be affected. 
N1.111bers include natural increase and 1n-m1gratton. 

"' :s 

"'" ):a 
~ 

.+ ... 
-s 
:s .. 
.+ -· < 
"' "' Sources: Ariz°"• llepart..,nt of Mines and Mineral Resources 1S84; Garner 1988; Manhardt 1988; McHu~h 1988; Michigan llepartment of Natucal 

Resources 1987; Mich1gatl Oil and Gas Ccmnisston 1988; Peterson et al. 1985; Petroleum Ir.forT!ldtion Corp. 1988; ·Re1d 1988; St.ate cf 
Colorado 1988; U.S. Bureau of Mines 1988; Witcher et al. 1979. 
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Table 3-8 

NATURAL AND DEPLETABLE RESOURCES 
IRREVERSIBLY COMMITTED FOR SSC CONSTRUCTION AND OPERATIONS 

Resource 

Technical Facilities 

Low-carbon steel 
Stainless steel 
Copper 
Iron 
Niobium 
Titanh111 
He lillll 

Conventional Facilities 

Steel, inc ludlng rebar 
Cement 
Sand 
Gravel (Roads and Concrete) 
Fi 11, stone bedding 
Wood forms 
Concrete pipe •. blocks 
Glass 

lndustria 1 
Potable 

Disturbed (Facilities and 
Infrastructure)** 

ODE Title (Fee simple and 
stratified fee) 

Electric power 
Natural gas 

Construction* 
(quantity, units) 

44,000 tons 
>15,000 tons 
<l,000 tons 

100, 000 tons 
500 tons/yr 
500 tons/yr 
60 million ft3(std) 

30,000 tons 
100, DOD tons 
100,000 Y<l3 
600,000 yd3 
200. 000 Y<l3 

1 mi 11 Ion board ft 
500, 000 tons 
100,000 ft2 

266 acre-ft 
71 acre-ft 

494 - 3,395 acres 

15,830 acres 

42.6 x 106 kWh 

Operations* 
(quantity, units) 

14 million ft3(std) 

I, 775 acre-ft/yr 
400 acre-ft/yr 

227 - 1,327 acres 

15,830 acres 

888 x 106 kllh/yr 
55 MBtu/h 

* The quantities listed are order-of-magnitude estimates of major construction and 
operations resources. These estimates are based on a conceptual design at a gener.ic site with 
ass lilied geology, topography, and Infrastructure. 

**For site specific details, see Table 3-2. 

1CHP3A3368882 EIS Volume I Chapter 3 



Proposed Action and Alternatives 3-64 

3.6 MITIGATIONS 

The flexibility of the SSC design includes the actual placement of the 
ring footprint, the placement of shafts (and the angle shift from 
vertical), and the placement of surface facilities. The flexibility 
associated with proposed sites is one of the site selection criteria, 
specifically the third subcriterion of "setting.• (See Volume III, 
Chapter 3). The flexibility of the design and the site together provide 
the major mechanisms for mitigating impacts of the SSC constr~ction and 
operations. Therefore, the flexibility of the design and the flexibil
ity of the seven site alternatives are discussed within this section 
addressing mitigations. Alternative site-specific mitigations will be 
addressed in the Supplemental EIS. 

Four types of mitigations have been discussed and assessed in this EIS. 
The first type includes design and site flexibilities. The second type 
includes controlled elements that have been included in the conceptual 
design of the project or in the state proposal for the purpose of 
reducing the impacts of implementing the proposed project. The third 
type includes those which would be required of the DOE during project 
implementation~ The DOE is committed to these mitigations either 
because they are required by policy, statute, or regulation or because 
they would substantially reduce an adverse impact of large magnitude. 
The fourth type includes those which could be, but are not required to 
be, developed during final project design to reduce the anticipated 
adverse impacts of the project. These types of mitigations are 
identified in Chapter 5 in response to the identification of adverse 
impacts that would trigger the need for them. These mitigations may or 
may not be feasible or even desirable, depending on the final project 
design. Whether these mitigations could be applied to the SSC project 
will depend on the selected site, final location and design of facil
ities, and final design-phase consultations with Federal, State, and 
local agencies. 

3.6.1 Design and Site Flexibilities 

The conceptual design of the SSC is presented in the Conceptual Design 
Report and is the basis of the ISP. The flexibility of each site alter
native is summarized in Volume Ill, Chapter 3. 

3.6.1.J Design Flexibility 

The CDR describes a flexible SSC concept with nominal design criteria. 
These criteria were derived from the requirements of the technical 
systems. 
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Both flexibility in setting the boundaries of the final s;te configur
ation and adaptability of the SSC design to local conditions are needed 
to allow development of tllt! conceptual design. The considerations of 
flexibility and adaptability are important to optimize the design to the 
characteristics of the particular site and to allow mitigation by avoid
ance of wetlands, floodplains, etc. 

A. Flexibility in Ring ·orientation 

There is no preferred orientation for the overall ring that fs determined 
by the physics of the design. It is preferred that the collider ring be 
located in a horizontal plane. There is flexibi1ity such that the tunnel 
can be tilted if a more effective overall configuration is thereby 
achieved. However, the amount of tilt from the horizontal must not 
exceed 0.5 degree. 

B. Flexibility in Tunnel Depth 

There is great flexibility in tunnel depth since the best overall depth 
is determined by the topography and the geologic strata along the align
ment of the collider tunnel. It is desirable that the experimental 
facilities be near the surface to provide convenient and economical 
access for heavy experimental equipment. Consideration needs to be 
given to shaft depths around the ring since they influence the construc
tion cost and schedule as well as operational efficiency. As a practi
cal matter, it is desirable that shaft depths be no more than several 
hundred feet. 

The accelerators that make up the injection system will be buried under
ground with a minimum of 15 ft of soil above them due to radiological 
shielding design constraints. It is desirable to maintain a minimum 
vertical separation of 20 ft between the high energy booster and the 
collider to facilitate access to one machine while the other' is running. 

C. Flexibility in Planar Configuration 

The preferred collider ring configuration lies in a horizontal plane. 
There is some flexibility from a horizontal planar configuration which 
is technically possible. For example, the collider ring tunnel may 
follow a gentle undulation of a certain geological layer, or it may 
follow a gentle terrain to enable cut-and-cover construction. However, 
these lead to complications in construction, installation, and 
operation. 

To position the experimental halls near the surface, upward folding of 
the collider ring in the arcs may be desirable. An example of an 
upward fold configuration is given in the CDR. Design constraints are: 
1) the radius of curvature out of the collider plane should not, in 
general, be less than about 1 million ft, with no local slope larger 
than 0.5 degree; 2) such curvatures out of the colUder plane may occur 
only in the arc regions. 
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E. Flexibility in Land Requirements 

Land areas to satisfy the previously described consi1h!rations are sum
marized fn Table 3-1 and described in detail in Appendix 4 along wfth 
summaries of the states' proposed acquisition plans. 

Infrastructure developments are summarized in Table 3-4. A road network 
will be needed in the campus, injector, and experimental areas, as well 
as to connect the cluster regions and to provide access to the service 
areas and access points around the 53-mi ring. Existing roads will be 
utilized as much as practicable. In addition to easements for bringing 
utilities on site, distribution to the service areas around the ring 
will be needed. Distribution could be within existing easements or may 
require new easements. Depending on the construction methods and site 
characteristics, off-site locations for disposal of the spoils-excavated 
during tunneling will be needed. 

There is flexibility in infrastructure requirements. For example, in 
both the arc and cluster regions, it should be possible to continue to 
use existing roads, railroads, and utility easements as long as they do 
not interfere with the construction or use.of SSC surface buildings or 
the operation of the SSC. Because colliding-beam research depends on 
two small beams a<:curately hitting each other head-on for many hours, 
stability of operation is important. Vibration from railroads, 
highways, quarries, or heavy equipment could be disruptive. A design 
constraint is that a railroad line should not pass within approximately 
3,000 ft of an interaction point and that major public roads should be 
no closer than about 600 ft from an interaction point. 

Unconditional fee simple title is required for all areas listed in Table 
3-5, except possibly Areas D and I. For those regions of the arcs in 
which the center of the tunnel is 50 ft or more ·below the surface, a 
stratified fee estate for a strip with a cross section 70 ft by 1,000 ft 
is sufficient. Although obtaining the abort/external beam areas (Areas 
I) in unconditional fee simple would be advantageous and give the most 
flexibility, a stratified fee estate with vertical height 70 ft (35 ft 
above and below the collider ring center line) is acceptable in those 
areas with at least a 15-ft separation between the ground surface and 
the top of the stratified estate. 

On proposed Federally-owned land, the DOE must have complete administra
tive control of those areas identified as requiring unconditional fee 
simple title. Wherever the requirement for a stratified estate has been 
identified, a permit or use agreement from the Federal holding agency 
may be acceptable. Title to land owned by a lesser political subdivi
sion must be transferred to the United States. In Areas D and I, there 
is flexibility which would allow third party use at the discretion of 
the DOE. 
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1. Camous (Area. Al The campus area would be facility headquarters. 
Because of the focus of technical activity on the injector complex, it 
would be convenient to have the campus in a nearby location. The exact 
shape is totally flexible. 

The campus layout, including the building locations shown in Figure 3-2, 
has been conceptualized in an efficient a-rrangement. Other arrangements· 
are possible. The general terrain of the site and the location of 
existing towns, utility runs, and transportation services would have a 
major effect upon the shape, extent, and layout of the campus facili
ties. If required, the campus could even be located within the high 
energy booster ring, although that may impose growth limi_tations and 
should only be implemented after careful consideration. 

2. Injector (Area Bl Two straight section areas in one of the clusters 
are set aside for use as injection and beam absorber positions. The 
injector is near these two sections so that the proton beams can be 
introduced into the two rings of magnets. Given that the external beams 
and beam absorbers should be located to the outsi(le of the ring, it is 
preferable that the injector complex be inside the ring to avoid inter
ference. If the land for the proposed site is better utilized by having 
the injector on the outside of the ring, the design has this flexibility. 

3. Future Expansion <Area Cl This area is allowed for future expansion, 
and it would be advantageous if Areas A, B, and C formed a contiguous 
block; however flexibility is great in this area (See Chapter 3, 
Section 3.1.6). 

4. Upper and Lower Coll ider Arcs (Areas 0) The 1,000-ft width of the 
arc regions is set by construction and operation requirements and the 
need for flexibility of final adjustments of the circumference of the 
collider ring. For any regions in which cut-and-cover is used ·to con
struct the tunnel, construction easements would be necessary for those 
areas in which the DOE does not have the surface fee title. 

5. Intermediate Access and Service Areas (Areas E and Fl Points of 
access to the collider ring are required at 2.5-mi intervals. The ser
vice areas (Areas F) are required for supplying cryogenic cooling sys
tems to the magnets and are located at approximately 5-mi intervals 
around the ring. The intermediate access areas (Areas E) are located 
midway between the service areas. Since the arrangement of the collider 
systems is precise, there is no-significant flexibility below grade. 
However, the access shafts can be offset and the surface building loca
tions adjusted. In this manner, these areas could be moved horizontally 
by a few hundred feet at the surface to avoid local features. 

6. Near and Far Clusters (Areas G and Hl These areas connect the upper 
and lower arcs and provide space for the experimental areas as well as 
the injection and extraction points on fhe collider ring. The width is 
primarily set by the need to attenuate muons produced along the tangent 
directions at the interaction regions. In addition, space for a beam
bypass region has been added along the inside of the far cluster. This 
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allows the possibility of adding at some future time a bypass to provide 
additional flexibility in the mode of operation 1lf the experimental 
detectors. The beam bypass itself would essentially parallel the beam 
line with a horizontal separation between the two tunnels of about 
300 ft. 

7; Abort/External Beam Areas <Areas Il These areas.are located to the 
outside of the near cluster (the side containing the injection region). 
For beam tune-up, at the end of a colliding beam cycle, or in case of 

·power or equipment failure, the beams are quicklJ extracted and conveyed 
to special beam absorbers. Intense beams of noninteracting muons are 
produced at small angles, and the abort/external beam areas provide the 
shielding necessary to attenuate the muons. In addition, space is pro
vided for the production of high energy beams to test components for the 
SSC detectors. Depending on the discoveries made at the SSC and else
where, it might prove desirable to upgrade these external beams in order 
to interact ·high energy beams of mesons and other particles with various 
target nuclei at rest in the laboratory. The areas.shown allow for this 
possibility. Figure 3-3.shows the preferred arrangement in which Areas I 
are attached to the same cluster as the injector. If absolutely neces
sary to mitigate prevailing site conditions, these two areas could be in 
opposite clusters. · 

8. Abort/External Beam Access .(Areas J) These areas are 1 ocated as 
shown in Figure 3-3. As is the case for the service areas (Areas F), 
these areas could move horizontally several hundred feet from the posi
tions shown and would need road access and utility easements. Although 
six J areas are shown, it is probable that surface structures will be 
built at only two of the sites, one in the Jl, J2, J3 gro~, and one in 
the J-4, J-5, J-6 group. 

3.6.1.2 Site Flexibilities 

Each of the seven site alternatives has some amount of flexibility 
associated with th.e placement of the entire ring footprint and with 
placement of specific surface facilities. These can be summarized for 
each state as follows: 

o Arizona - Most surface facilities could be adjusted within the 
design constraints; additional land can be made available; 
shifting the entire ring is constrained by natural features. 

o Colorado - No site limitations to flexibility of either 
spec.ific faciliUes or shifts of the ring beyond design 
constraints. 

o Illinois - Withi·n the Federally-owned lands, flexibility is 
limited only by Fermilab developments; surface facilities 
flexibility is limited by the density of residences, 
businesses and other man-made features; shifting the entire 
ring is constrained by these features as well. 
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o Michigan ~ Most proposed surface facilities could be adjusted 
within design constraints; shifting the.entire ring is 
constrained by man-made features. 

o North Carolina - Great local flexibility; shifts of local 
facilities and A/B/C limited· to the west only. 

o Tennessee ~ No site limitations to flexibility of either 
specific facilities or shifts of the ring beyond design 
constraints •. 

o Texas - No. site limitations locally at surface facilities; 
entire ring shifts limited by .Lake Bardwell and Town of Ennis. 

DOE will use, as its preferred mitigation, moving the location of a 
facility, shaft, etc, within the design and site flexibilities avail
able. These flexibilities would allow many impacts to be mitigated by 
avoidance. Durir.ig the site-·specific conceptual design and preparation 
of the Supplemental EIS, the SSC surface facilities, shafts, and ancil
lary facilities would be analyzed in more detail for the selected site. 
The location of facilities would be selected to minimize impacts to 
floodplains, wetlands, sensitive habitats, and other important man-made 
or natural features of the site. 

3.6.2 Design-Controlled Elements of the Proposed Project 

o Surface water runoff and erosion control - The SSC project 
woµld be designed for protection of cut•and-cover construction 
activities with a berm to protect the excavation from runoff 
and erosion where necessary. 

o Effluent water quality - The conceptual design for the SSC 
project assumes that tertiary treatment is provided at on-site 
sewage treatment plants. Such plants would be subject to the 
requirements. of a National Pollutant Discharg.e Elimination 
System (NPOES) permit. 

o Disposal of spoils - Where surface disposal of spoils was not 
proposed, spoils disposal impacts would be reduced either by 
placing the spoils in abandoned quarries or mines or by pro
viding a mechanism for use or sale of the spoils as aggregate. 

o· Accidents and hazardous exposure to workers - Protective and 
emergency equipment would be provided at all facilities. 
Areas of potential exposure to unacceptable levels of radio
logical exposure woula be shielded. 

o Public radiation exposures - The SSC project would be designed 
to limit radiation exposure to the. general public to levels as 

·low as reasonably achievable (ALARA). Features of the concep
tual design which limit radiation exposure include: placing 
the collider in an underqround tunnel, controlling subsurface 
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activities in stratified fee areas, acquiring fee simple lands 
around the interaction regions in order to control access, 
designing the beam absorbers and machine controls, and provid
ing for a modular beam absorber that can be removed at decom
missioning without disassembly • 

. 3.6.3 DOE-Committed Mitigations 

o Occupational health and safety - Worker safety procedures 
would be instituted and use of protective equipment would be 
required. A site occupational health and ·safety officer would 
require appropriate safety training for employees and enforce 
~ompliance with all site regulations, .standards, and procedures 
relating to worker safety. 

o Disturbance of unforeseen archeological resources - Surveys, 
monitoring, and recovery would continue into the construction 
phase in consultation with the Advisory Council on Historic 
Preservation and SHPO at the respective sites. 

o Air quality - Fugitive dust emissions from construction would 
be controlled by the application of dust suppr·essants and 
paving, if necessary. 

o Floodplain encroachment - To the extent practicable, the DOE 
-would avoid placing facilities in the floodplains by changes 

in building layout or by relocating.the facility to nearby 
higher areas. Where there are no practicable alternatives, 
facilities in floodplains would be designed to minimize 
potential harm to and from the floodplain. 

o Wetlands damage and loss - It is DOE pol icy in accordance with 
Executive Order 11990 to avoid wetland impacts to the maximum 
extent practicable. Restoration/replacement of lost or im
pacted wetlands would be implemented after consultation with 
the COE, or delegated authorities in compliance with Sec-
tion 404 of the Clean Water Act and the USFWS. 

o Compliance with Arizona Native Plant Law - Notify the 
Commission of Agriculture and Hort.iculture 30 days in advance 
of site disturbance to allow the opportunity to salvage cacti 
and other protected plants. As a means of reducing impacts of 
the project, commit to mitigating disturbed Sonoran Desert 
Scrub habitat by collecting all cacti and other protected 
plants and restoring and revegetating areas not permanently 
disturbed. 

o Threatened and endangered species 

ICHP3A3368889 

State would mitigate new road construction in-Colorado in 
consultation with USFWS to mitiqate disturbance of bald 
eagles at Barr Lake and to avoid wetlands/floodplains in 
road placement to the maximum extent practicable. 
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Design considerations would be made toward use of water 
at Colorado site from a combination of Morgan County 
wells and/or Colorado-Big Thomson water to prevent 
effects on flows and water levels in both the Colorado 
basin and the South Platte river system. 

Sedimentation ponds/control of runoff would be used as 
necessary to prevent effects on the endangered tan riffle 
shell mussel and on the Duck River system in Tennessee., 

Oesign/preconstructiori confirmation studies would be . 
required to prevent hydraulic effects on caves (e.g., 
Snail Shell Cave) in Tennessee or hydraulic connections 
would be required to prevent impact on the endangered 
gray bat. 

Investigation of the Snail Cave system with respect to 
the proposed tunnel, shaft and surface facilities would 
be conducted .and mitigations needed to protect any iden
tified protected species developed. 

'Surveys for presence of tumamoc globeberry'in Arizona, black-capped 
vireo habitat in Texas, black-footed ferret in Colorado, prairie bush 
clover and lakeside daisy in Illinois, Indiana bat in Illinois, 
Michigan, and Tennessee, harperella in North Carolina, and Tennessee 
purple coneflower, grey bat, and tan riffle shell mussel in Tennessee 
would be required to avoid potential impacts to endangered species. 

3.6.4 Possible Mitigations to Further Reduce Adverse Impacts 

o loss of oil and gas reserves - Slant qrilling could be used to 
tap the reserves; · 

o Runoff and erosion control - Drainage from the site during 
construction and operations could be controlled by appropri
ately ,sized retention structures that would control and trap 
sediments from surface runoff and erosion and control flow 
from the site to stream channels. 

o Surface water supply - An additional source of water for the 
SSC project and surrounding communities would be the Fox River 
(Illinois) or Lake Michigan (Michigan). 

o Surface water qualitY. - Drainage from the site during con
struction and operations could be controlled by appropriately 
sized retention structures that would control and trap sedi
ments, from surface runoff and erosion. 

o Ground water supply - Loss of wells at the various sites can 
be partially mitigated by replacement wells or hookups to 
alternative supply sources. 
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o Air quality " Fugitive dust emissions from construction could 
be further controlled by wind screens, enclosures, construc
tion scheduling, or the addition of particulate removal 
equipment. · 

o Noise impacts on people - Spoils hauls.could be limited to 
12 hours per day. Construction of facilities near residences, 
schools, and other public institutions could be limited to 16 
hours per day. Cut-and-cover tunnel construction could be 
limited to 16 hours per day. Road construction could be 
limited to daytime hours. Trucks hauling spoils could be 
subject to muffler inspections and truck routes could be 
specified. Certain E and F areas could be bermed to provide a 
noise screen; and facilities in the E and F areas that produce 
noise could be provided with acoustic treatment to reduce· 
these noise sources. Such treatments for an·F area could be a 
quiet cooling tower design, an enclosure.for the emergency 
generator, individual enclosures for compressors, providing 
nitrogen relief valves with silencers, locating cryogenic 
pipelines in trenches, placing service areas partly below 
grade or surrounding them with a berm, rearranging site layout 
to put noise sources in the interior, or providing more l_and 
for a buffer zone around an area. Similar treatments could be 
used at the near and far clusters. 

Potential additional mitigation techniques that would be considered 
during detail design and construction planning could include the . 
following: 

The use of quieted construction equipment, use of atmospheric sounding 
techniques to avoid loud sounds such as blasting when conditions are 
conducive to atmospheric focussing of sound; inclusion of state-of-the
art noise control materials and techniques in the design of machinery 

·buildings and equipment enclosures; require contractors responsibl~.for 
design to use verified and validated sound-emission models to identify 
equipment that would represent a potential noise impact if not subjected 
to special quieting techniques; require designers and contractors to 
specify available quiet machinery and components in conjunction with the 
results of the modeling described above; enforce negative incentives for 
vendors of service area systems and components, with price penalties for 
vendors who fail to provide equipment that meets, and continues to meet, 
DOE system design requirements for sound emission limits. 

o Threatened and.endangered species - As an option to survey for 
habitat, commit to locate and protect riparian habitat with 
suitable large-diameter trees with sloughing bark by prohibit
ing cutting and trimming and providing a 100-ft buffer zone 
around the habitat to prevent effects on the endangered 
Indiana bat in Illinois, Michigan, and Tennessee. Survey 
habitat and confirm populations in all.areas which could be 

· surface disturbed in Arizona for night-blooming cereus and 
desert tortoise; develop mitigative plan in conjunction with 
USFWS, BLM, and Arizona State agencies. 
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o State-listed species - Consult w·ith states to discuss respec
tive needs for survey/m1t1gat1on of State-Listed Species. 

o State champion tree - Consult with the State of Michigan to 
mitigate or avoid effects on the champion pignut hickory tree 
during preconstruction design planning phase. 

o Cedar glades - Survey locations of sensitive cedar glade 
habitats. Reposition facilities where possible to avoid these 
habitats. 

o Blasting and vibrations · Annoyance of the public and vibra
tions of adjacent structures as a result of blasting could be 
mitigated by.limiting the charge weight, pre- and postblasting 
surveys of structures to identify damage, limiting blasting 
hours, reducing initial charges, and using blast mats. 

o Occupational health and safety ~ To reduce the risk of valley 
fever to construction workers at the Arizona site, the 
following mitigations could be implemented: minimizing soil 
disturbance, confining soil disturbance to low wind periods, 
application of dust suppressants, imposing contractor restric
tions on dust generations, and requiring workers .to wear 
respiratots in a high dust environment. 

To reduce the risk of imported fire ant attacks on construc
tion workers at the Texas site, the following mitigations 
could be implemented: application of an insecticide control 
program, minimizing disturbance of fire ant mounds in. construc
tion areas, training workers to use special procedures when 
performing manual work tasks in infested areas, and identify
ing individuals sensitive to the fire ant. venom. 

To reduce worker exposure to radionuclides, the following miti· 
gatlons could be implemented: providing a lining in the tu_nnel 
and other underground areas to reduce radon diffusion into the 
tunnel and maintaining a positive gas pressure in tunnel and 
other underground areas. 

o Vehicle/public safety - Route truck traffic away from areas of 
highest risk of accident. · 

o Traffic disruption during ancillary facility construction -
Disruption could be reduced or avoided by construction sched
uling, detours, flagmen, and construction of bypass roads. 

o Rail service interruptions · High impact rail service inter
ruptions could be mitigated during construction by construct
ing grade separations for road traffic to cross over the rail 
line. 
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o Spoils disposal truck traffic - Impacts could potentially be 
mitigated by the following: the use of State highways instead 
of local roads; direction of traffic away from residences and 
schools; use of traffic controls and speed limits; and the 
development of off-peak oriented disposal schedules to avoid 
normal urban congestion. 

o Traffic due to commuting workers - Congestion during peak 
worker commute hours could be reduced by encouraging car pool
ing, providing for buses, staggering shifts, and widening 
access roads. 

o Loss of paleontological resources - Monitoring of construction 
activities and recovery of affected resources. 

o Scenic and visual impacts - Visual impacts could be lessened 
by adjustments in siting, by design of access shaft areas and 
services areas, architectural treatment and coloring of struc
tures to blend with the background, planting vegetation, and 
constructing berms to screen facilities. 

o Land use - Agricultural lands not used for project activities 
could be leased back for activities that would not conflict 
with project operations. 

o Spoils disposal - Spoils could be used for roads and parking 
lots. 

o Disruption' of animal movement and migration - Provisions could 
be incorporated into final design that would allow for animal 
movement and migration', e.g., specially designed fences could 
be used for restriction of human access in areas of bighorn 
sheep, desert tortoise, and pronghorn antelope habitats. 
Attention would be given in such cases to use appropriate 
fencing and locate it to avoid direct adverse impacts to wild-
1 ife from the fencing itself. 

o Noise impacts on bighorn sheep (Arizona only) - Mitigations 
suggested to lessen noise annoyances to bighorn sheep could 
simultaneously act to mitigate overall negative impacts to the 
species. For example, construction, which would result in 
some noise and disturbance could be scheduled to avoid the 
rutting and lambing season. Where noise may cause bighorn 
sheep to avoid traditional water sources, mitigation measures, 
such as providing alternative water sources, would be taken. 
In such cases, efforts could be made to reduce adverse impacts 
to wildlife use.of these water supplies by human activities. 
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3.6.5 Cost of Mitigation 

In general, it would be feasible to mitigate the impacts of construction 
and operations of the SSC (see Table of Potential Impacts, Table 3-7). 
The costs of mitigation, however, cannot be accurately estimated based 
on the site adaptations of the conceptual designs. This uncertainty is 
largely due to the flexibility of the SSC design {see Section 3.6.1.l) 
and of the proposed· sites (see Section 3.6.1.Z). · 

Cost of mitigations can be relatively assessed based on the conceptual 
design and site-specific adaptations presented ip Section 3.1 (also see 
Volume IV, Appendix 1). The primary mechanism of mitigations, especially 
for wetlands and floodplains, is avoidance. Consistent with Executive 
Orders 11988 and 11990, it is DOE policy to avoid wetlands and flood
plains unless there is no practical alternative. Avoidance, often, is a 
cost-saving measure as well as a mitigation. This is particularly the 
case when avoidance not only serves as a mitigation but also minimizes 
wetlands or other resource replacement costs. 

Until the site-specific conceptual design is prepared, it is not pos
sible to approximate mitigation costs. The cost of total (among the 
various impacted resources (e.g., air quality, scenic and visual 
resources, ecological, etc.) mitigations of significant impacts are 
expected to be relatively small compared to the overall project, or even 
solely compared to the construction costs. The life cycle costs at each 
of the seven site alternatives are similar (± 5 percent). The 
mitigations which might be required at any site are similar from the 
cost standpoint and, although mitigation costs have not been yet 
available in detail, the differences in mitigation costs between site 
alternatives are estimated to be a small fraction of the uncertainty in 
the overall SSC cost estimate. Order-of-magnitude cost estimates for 
mitigations at the selected site will be included in the Supplemental 
EIS. 

3.6.6 Impacts of Mitigation 

During the site-specific conceptual design and final design phases, 
mitigation alternatives would be optimized, and costs estimates increas
ingly refined from order-of-magnitude to quantitative (± 5 percent). 
However, in addition to costs, the potential impacts of alternative 
mitigations must be considered. A mitigation which might be feasible 
and cost effective for one problem might also cause increased impacts in 
another area. 

For example, some mitigations of the noise of compressors in the service 
areas (F areas) might be effective for noise abatement but would increase 
scenic and visual impacts. Trade-off studies will be conducted to eval
uate the set of mitigations appropriate for the selected site which would 
minimize total adverse project impacts. Based on the data available, it 
is believed that mitigations would include: 
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o Avoidance (e.g. wetlands, floodplains) by facility relocation 
within the design and site flexibility. 

o Placement of facilities, e.g., placing cooling towers in the 
center of service areas {F areas) 

o Blending of surface facilities with natural landscape and 
local architectural features. 

o Dust suppression. 
• o. Recycling of spoils for usable constituents. 

o Selection of HVAC emphasizing solar or wind technologies for 
power and utilization of waste heat. 

o Recycling cooling waters and on-site treatment of water with 
reuse of treated water for industrial water applications. 

o Waste minimization program. 

o Minimization of habitat disturbance. 

o Careful data recovery and preservation of maximum number of . 
cultural and paleontological finds. 

These mitigations are expected to be complementary at most sites and 
specific areas. Total mitigations will be evaluated for the selected 
site and will be included in the Supplemental EIS. 

3.7 SUMMARY OF CUMULATIVE IMPACTS 

3.7.1 Proposed Action 

3.7.1.1 Regional Population Growth 

The SSC-related regional population growth ranges from 0.13 percent to 
1.12 percent based on population projections in each region without the 
proposed project. 

1CHP3A33688g5 

Site 

Arizona 
Colorado 
Illinois 
Michigan 
North Carolina 
Tennessee 
Texas 

Regional 
Population 

Growth 

0.43% 
0.38% 
0.13% 
0.14% 
0.83% 
1.12% 
0.28% 
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The projected growth is relatively small compared to the total popula
tion projections for each region. Impacts to the States of North 
Carolina, with an increase of approximately 15,000, and Tennessee, with 
a population increase of 14,000, would be highest during construction, 
~ith a lesser impact during operations. 

In addition, the SSC.-related housing unit demand for each of the sites 
varies from 1,830 to 4,070 units. 

Site 

Arizona 
Colorado 

. Illinois 
Michigan 
North Carolina 
Tennessee 
Texas 

Housing 
Unit Demand 

3,610 
2,290 
2,700 
1,830 
4,070 
3,990 
2,700 

Local impacts due to the implementation of thisproject are possible in 
the housing markets in Fort Morgan and Brush in Morgan County, Colorado, 
and the village of Stockbridge in Ingham County, Michigan, based on the 
existing housing market. · 

3.7 .1.2 Construction Materhls 

Approximately 1.3 to 1.8 million tons of high quality aggregate would be 
consumed by construction of the SSC project. All sites have abundant 
aggregate resources with the exception of Colorado. This is due to the 
rapid past expansion of the Denver area and the projected future growth. 
Transportation of such materials from outside the region may be required. 

3. 7 .1.3 Water Supply. 

The proposed SSC project would create an increased demand on water re
sources, both from direct project requirements and from indirect domestic 
water requirements due to regional population growth supporting the SSC 
project. Table 3-9 summarizes the potential impacts to water sources. 

3.7.1.4 Air Quality 

The contributions of the SSC to air emissions include particulates from 
construction activities and emission of combustion products from con· 
struction equipment, from vehicles of construction/operations workers, 
and from a proportional increase in the number of vehicles operating in 
the region due to in-migration. The increase in air pollutant emissions 
from the SSC relative to existing emissions ranges between 0.10 percent 
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Table 3-9 

POTENTIAL IMPACTS TO WATER SOURCES 

Site Water Source Potential Impacts 

Arizona Groundwater Overdraft is possible 
depending on the extent 
of other uses of aquifer. 

Colorado Partially met by Change in water use pattern 
purchase of existing due to purchase of existing 
surf ace and ground- water rights 
water allocations 

Illinois Groundwater Indirect SSC water require-
ments will incrementally 
increase existing regional 
groundwater overdraft. 

Michigan Groundwater Both direct: and indirect 
SSC water requirements could 
contribute to localized 
groundwater overdraft. 

North Surface water SSC operations would use 
Carolina about 23% of the available 

excess capacity of Lake 
Butner. 

Tennessee Surface water/ Direct and indirect water 
minor groundwater requirements would be 

provided by local small 
to moderately sized 
municipal water supply 
systems. Project 
requirements would use up 
to 22% of the available 
excess capacity in 
Rutherford County 
(supplies up to 1/3 of 
water requirements) 

Texas Surface water/ Direct and indirect water 
groundwater requirements would be a 

small increment to existing 
regional groundwater 
overdraft. 
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and 4.2 percent for the construction phase and between less than 0.10 
percent and 0.84.percent for the operations phases. This increase in 
emissions is not expected to cause National Ambient Air Quality 
Standards (NAAQS) exceedances in any of the BQL states. 

The Illinois, Michigan, and Tennessee sites are within regions desig
nated as nonattainment for ozone. Increases in pollutant emissions may 
result in further degradation in air quality. 

Much of the existing Ambient Air Quality Data used in this EIS was 
obtained from regional air monitoring stations and may not represent SSC 
site conditions. In several st.ates the carbon monoxide NAAQS appears to· 
be exceeded due to the SSC. Representative background carbon monoxide 
concentrations (existing levels from man-made and natural sources) are 
expected to be well below NAAQS limits. The SSC-related contributions 
to background are not expected to result in a violation of the carbon 
monoxide NAAQS. · 

3.7.1.5 Radiation 

Impacts from radiatioQ produced at the SSC on the total population are 
small compared to existing background (typically 0.007 person-rem/yr 
from the SSC as compared to 11,000 person-rem/yr for background}. They 
thus contribute cumulatively to adverse genetic and carcinogenic effects 
at a level about 0.00006. percent of that which would be caused by back
ground rad ht ion. 

3. 7. I. 6 Noise 

Impacts from noise generated during SSC construction and operations 
would be limited to the areas adjacent to the project facilities. SSC 
impacts o~ local residents would be most pronounced adjacent to service 
and intermediate areas unless mitigated. 

3.7.1.7 Wetlandi 

At all proposed sites except Arizona, construction of the SSC could 
disturb or displace wetlands habitats {See Table 3-10). Such impacts 
would be an incremental addition to the regional rate of wetlands 
degradation and conversion occurring as a result of agricultural 
drainage and/or rural/suburban development. 

It is DOE pol icy to !!Void and mitigate impacts to wetlands to the full 
extent practicable. Under Executive Order 11990, "Protection of 
Wetlands, "and DOE's regulations for compliance with floodplain/ 
wetlands environmental review requirements (10 CFR Part 1022), the 
potential adverse effects on wetlands at the various alternatlve sites 
(Table 3-16) would be substantially minimized through mitigation. 

Mitigation measures could include wetland avoidance, enhancement, or 
replacement. Compliance with Section 404 permitting requirements under 
the Clean Water Act will be accomplished, as required, with U.S. Army 
Corps of Engineers' coordination. 
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Table 3-10 

IMPACTS OF SURFACE CONSTRUCTJON ON WETLANDS 
AT THE SSC SITE ALTERNATIVE LOCATIONS 

Wetlandsl 
Site (Acres) 

Arizona 0 

Colorado 4 

Illinois 199 

Michigan 190 

North Carolina 41 

Tennessee 38 

Texas 3 

Surface Construction 
Areas 2 

B, El 

Fermilab (A, 8), 
F4, F8, F9, FlO 

A, B, El, E4, ES, Fl. 
F9, FIO, K2 

A, B, E2, E3, F7 

A, B, Fl. K2, K6 

A, B, K6 

1. The maximl.ln acreage of wetlands that could be impacted during construction of the surface 
facilities. 

2. Acreage~ of wetlands within future expa~nsion areas (area C, the J sites, and sites K3 and K4) were 
estimated although the percentage-of these areas to be developed is undetermined. These total esti
mates are presented in Chapter 5, Section 5.1.5.3 and Appendix 11. Also see Section 3.7.3. 

These actions serve to minimize the cumulative .impacts of this project 
with others locally and nationally. 

3.7.1.8 Prairies 

Only the sites in Illinois and Texas have pra1r1e remnants. In both 
cases, the incremental additions of the SSC project to regional impacts 
on prairie remnants would be limited to secondary impacts due to induced 
population growth. 

3.7.1.9 Cedar Glades 

Only the region in the vicinity of the Tennessee site has cedar glades. 
Approximately 22 percent of the forested land near the Tennessee site 
contains red cedar with several glades in the vicinity of the propose.d 
site. None of those'known glades would be impacted by the project; 
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however, there could be some.secondary impacts from construction. These 
impacts are incremental additions to other regional impacts (tree 
harvesting and stock grazing) on cedar glades. 

3.7.1.10 Karst Ecosystems 

The only proposed site with Karst ecosystems in the affected area is 
Tennessee. The Snail Shell Cave system is the longest continuous cave 
in the Central Basin of Tennessee. The system is a braided network of 
parallel streams with lateral passages with small wet-weather streams 
and residual pools and upper levels that act as water conduits only 
during flood stage (Barr lg88). The known fauna of the system includes 
several endemics, as well as certain small, more widely distributed·sub
terranean species. The system contains three, possibly four, endemic 
animals limited to caves and other subterranean microhabitats: the blind 
cave salamander, the cave snail, the Trechine cave beetle, and possibly 
the cave millipede. Cumulative impacts would include increased cave 
visitation. Secondary impacts would be likely including dust intro
duction, increased openings to portions of the caves, and changed water 
quality. 

3.7.1.11 Land Use· 

SSC project development would probably be an important/significant 
source of growth in each region. Major projects in the Arizona site 
vicinity are few; land use changes due to the SSC would be considerably 
greater in extent and intensity than those expected due to other proj
ects. The predicted ·indirect effects of the SSC on i11111igration to the 
region and the development of housing and supporting infrastructure are 
difficult to distinguish from the general pattern of regional growth. 

For Illinois, Michigan, North Carolina, Tennessee, and Texas, no 
specific major projects have been identified for the site vicinities, so 
no direct cumulative impacts are predicted at those sites. Due to the 
general pattern of growth in Illinois, North Carolina, and Tennessee, 
there may be local competition for housing that could induce more resi
dential development and supporting .infrastructure. For Michigan, SSC 
project-related growth wo~ld be diffused throughout the region, and in 
Texas the housing market is overbuilt and there would be no competition. 

For Colorado, few cumulative land use impacts are expected in the Denver 
metropolitan region due its distance from the SSC site., Some incre- · 
mental impacts in the SSC vicinity are expected due to the Pawnee 
Generating Station Unit II project and the Narrows Dam project, should 
they be built in the same time frame as the SSC. However, the SSC proj
ect without these additional projects has the potential for caus1ng 
significant land u.se changes, and the incremental impacts of the other 
projects would·be relatively small. 

3.7.1.12. Prime and Important Farmlands 

The removal of prime and important farm1ands to implement the proposed 
action would contribute to cumulative impacts at all sites. 
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Site 

Arizona 
Colorado 
Illinois 
Michigan 
North Carolina 
Tennessee 
Texas 
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Permanently Converted 
Prime and Important 

Farmland Acres 

0 
819 
197 
341 
955 
606 
588 

While there are appreciable acreages of prime and important farmlands 
proposed to be taken, in no state do they represent more·than 1 percent 
of the State inventory.in each of the seven regions. The increment is 
small and well below the average lost per year to urban development. 

3.7.2 Ancillary Facilities 

Ancillary facilities to the SSC include roads, railroads, and utilities, 
which are the responsibility of the selected state. The location of 
these facilities has not yet been determined, nor have alternatives to 
their design and l.Qcation been addressed. 

Construction of these facilities would create ecological habitat disturb
ance in addition to t~e habitats disturbed in constructing the main SSC 
facility. If these ancillary facilities were to be located in wetlands 
or sensitive habitats, impacts to these habitats could occur. However, 
it is anticipated that these habitats would be avoided during the place
ment of facilities and final design. 

3.7.3 Expansion Area Development 

Areas C, ·the J areas, K3 and K4 are set aside for future expansion of 
the research program at the SS'C. There are no current plans to develop 
these areas; thus impacts of construction and operation of the SSC in 
these areas have not been addressed as. part of the proposed action. 
However, land acquisition of these areas are planned now to allow DOE 
the capacity to develop new programs in the future. 

The environmental' impact of land acquisition for the expansion areas 
have been included in this EIS in so far as it is possible to do ~o. 
That is, it has been assumed, for example, in the case of wetlands and 
habitat loss, that whatever is built there eventually will be simil~r to 
that which is now planned for Area B. When plans are being made for any 
such expansion in the future, additional review, in accordance with NEPA, 
would need to be completed prior to decision or construction. 
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Some assumptions have been made regarding the type and location of 
future development. Area C is assumed to contain facilities similar to 
the injector facility in Area B. Construction of such facilities would 
require approximately 279 acres during construction, of which 186 acres 
would be permanently disturbed. It is anticipated that two of the .six J 
Areas could be. developed as experimental halls similar to those in the K 
Areas. Each experimental hall and its support facility would occupy 
approximately 20 acres. 

• 
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CHAPTER 4 AFFECTED ENVIRONMENT 

This chapter is a summary of the current conditions and baseline trends 
characteristic of the seven site alternatives. It is organized accord
ing to the primary resources assessed at each site. These resources 
include earth resources, water resources, air quality, noise, human 
health {including occupational and public health}, ecological resources 
{including threatened and endangered species, floodplains, and wet
lands), waste management facilities, land resources {including parks, 
wilderness, and prime farmlands), socioeconomics and infrastructure, 
cultural resources, and scenic and visual resources. The conditions 
that are described in this section for each of the sites are those that 
are assumed to continue if the proposed SSC is not implemented. Each of 
the seven site alternatives is fully described in Appendix 5. 

4.1 EARTH RESOURCES 

Geological and geotechnical characteristics of the site alternatives are 
presented in Table 4-1. These characteristics include physiography, 
topography, stratigraphy at shaft locations, stratigraphy at tunnel 
depth, geologic structure, geoengineering conditions, geologic hazards, 
and geologic resources. In addition, surface soils are included in the 
discussion in Sections 4.8 and 4.9 as prime farmlands and ecological 
resources, respectively. 

4.1.l Topography 

Large areas of flat or very gently sloping topography suitable for 
siting and development of the SSC surface facilities occur at all the 
sites. Each site's topography, according to its geologic setting and 
history, is characteristic of its region {physiographic province). 

The topography in Arizona is distinct, reflecting geologically recent 
tectonic activity. The basin and range setting consists of bedrock 
mountain ranges rising several hundred to over one thousand feet above 
sediment-filled valley basins. A bedrock range in the center of the 
Arizona site is flanked on all sides by gently sloping alluvial fans 
with numerous intermittent washes. Much of the collider ring is pro~ 
posed to lie within these alluvial-fan sediments. 

4-1 

Both the Colorado and Texas sites are located in rolling plains underlain 
by soft sedimentary rock. Streams {largely intermittent) have cut into 
the bedrock leaving flat uplands among them. In Colorado, the bedrock 
uplands are overlain by wind-laid loess and dune sand, relics of the 
colder, drier climate of the Ice Ages. In Texas, erosion of the gently 
tilted bedrock has produced a scarp-and-prairie topography. 
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Physiography 

T~raptiy 

St rat tgraphy at 
Shaft Locat 1ons 

Arizona 

Sonoran Desef't 

Rugged ridges cross 
center of site, r1se 
500-1,100 ft above 
f 1ank.1ng a 1 lu" ta 1 
fans; r1n1 slope to 
edges of stte at 1 
rate of 40-7,0 ft/rat; 
frequent dry washes 
on fans. 

ln valleys, vart-
ably c1mnted youn-
ger and older fan-

g lomerate (grave 1, 
sand, clay, ind 
1 I lt); In mountains, 
quartz, dtortte, 
gl"anlte, basalt 
flows, tuffs, con-
glomerate, ltme-
stone, and al 1Llvltn. 

Table 4-1 

COMPARISO!! OF EARTH RESOURCES CHAP.ACT£RISTICS 
OF SITE ALTERNATIVES 

Colorado Illinois 

Colorado Piedoont Tll 1 P-lainl 

Broadly rolling Low (SD ft), trreg· 
(25-75 ft/mt), ular htlls of gla~ 
llless-covered t'lal ft>reine and 
PlGln; tncised clri ft: 11Dder1te ly 
1a-110 ft by fncfstd dendrttfc 
Intermittent drainage. 
strNlll5 with narrow 
fiooclplains; long1-
tudina 1 dLlnes cover 
part of ring. 

A11uvt11n (sand and '4arytng thteknesses 
clay), loes1 (stlt of loess (1'1t), 
and clay). or clayey till, outwo.sh 

eolian sand above (sand and grave 1) , 
c:layJtone (Pierre lacustrlne clay and 
Shale) with 11tnor 1il~t. and organic 
limestone. led tmentt above beet--

rock of 1 tlftftton•, 
shale, and dolomite; 
mtnor tulfldet. 

Michigan North Carolina 

Eastern Lake 
Lowlands 

low (30-llD ft). 
1rregular hills cf 
glacial rrioratne; 
dendrtt ic dra lnage; 
frt!Q;.1ent ponds, 

&wa~s. and lakes. 

Glacial drift of 
s 1 lty and clayey 

sands and grave ls; 
bedrock of .pr tNr-

P 1ednont Up land 

L"' (50·100 ft 
high) rolling 

h111s; IM.ture der.~ 
drlt1c dra1n.a;e; 
detp ?y weathered 
bedroei<. 

So11 and "lathered 
rock proftle (pr!-

1r11r'1)' 1n-a1tu chem--
teal weathering); 

1 ly sandstor., c:blo- sapro1tte at sur-
m1te; shale, thin face' grades to un-
coal, and ltmt- WNthered tock al 
stone; thin coal. tunne 1 depth; roc~s 

loca t disseminated are 11 success ion of 
pyrite. metavo1Cantes and 

sediments Intruded 
by granitic 

plutons. 

Tennessee 

Mas tr. t ~le Bas in 

Flat to 1Hght1y 
rolHrtg (10-50 ft} 
O,t tom 1ar.d1J; loc:a l 
c 1..tster1 ,~f ro1,mdecl 
knobs {.?SC-400 ftj; 
locally karst and 
lerids lide paten-
t 1a 1; mature de~-
dr\t1c drainage. 

Th1n end d11cont!n-
1HJU1 res!dull so1 ls 

with '°"" alluvh.rn; 
bedl"OCk; cons 1 sts 
chtafly ot thick-
and thin-bedded 
l lrnastone wtth wavy 
or planar shale 
partings. 

Texu 

trest Gulf Coastal 
Plain 

Rolling plain; 50-70 ft 
rel1ef: dratnerd (m:istly 
tritennitttl'!tl'r) bl' :sev-
eral ct'eek. sy·ste~!; 

creeks heve narrow 
floodplains. 

up· to so ft of terrtce 
depcalts {calcareou$ 
clay, st1t, al'ld sand) 
and residual soil (clay, 
silty clay, and local 
s111d and gravel), above 
the chalk ar.d calcareous 
c laystofle . 
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Str1t tgr1phy 
1t Tunne 1 Dlpth 

Geologic 
Structure 

Arizona 

Jn valleys. vart~ 
ably cl!lllllftted fan-
glClllllrlte (gravel, 
Hnd, cl1y, and 
·1tlt); In tDUntalM, 
quartz dtortte, 
granite, bl11lt 
flows. tuff1. 
congl11111r1te, and 
lt11atone. 

In MarlCOfJI Moun
tains, tilted beds" 
OYerlte granitic 
p lutona that are 
In fault or 
tntrustve contact 
with 1eht1t; two 
st.ar Zantl ind a 
cmp lex of severa 1 
faults are known 
wtthtn the ring -
none known to cro11 
ring; jointing ts 
ca.m tn 111 crys
talltne units. 

Table 4-1 (Cont) 

COMPARISON OF EARTH RESOURCES CHARACTERISTICS 
OF SITE ALTERNATIVES 

Colorado Illinois 

Enttrely wtthtn· Entirely wtthtn .,,_ 

ttlty ind fine st'le dolmtte beds 
sandy clays tone, with occe1tona 1 
with several thin chert nodules; beds 
beds of 1 i•stone. separated by very 

thin, wavy, stylo-
ltttc cl1yey dolo-
mtte l•lnn; 111tnor 
sulftdts. 

8edl of Denver Bedrock genera 1 ly 
structural basin dtp dips 10-15 ft/1111 
about 12 ft/mt to SE; dtpt tncreaH 
tt. NW; no tndtca- up to 165 ft/1111 
tlon of 111jor ttruc- locally; joints are 
tum; ION! mtnur steep and widely 
soft 1edllll!nt defor- spaced: fa.ilts of 
.. tton; stH!JlY dip- little dtsplo-. 
ping, widely spaced 
joints. 

Michigan 

Prhaart ly sand-
stone; some 1 tme-
stone, do lomtte, 
and shale; 111inor 

siltstone, gypsin, 
1nhydr t te, and 
coa 1; sandstone 
DCCII tona 1 ly 
pyr1te-beartng. 

SE port ton of 
Mtchtga11 basin; beds 
dip slightly to the 

' MW; 1ever1 l NW-

strtk Ing and plung
ing reg Iona 1 fo ld1 
nHrby. 

North Caro 1i na 

Metainorphosld rocks 
(volcantc. granite, 
hor'nblende dtorlte, 
g1bbro, dtortte-
gabbro, Ind epl-
c last tc); younger 
rocks tncllldl dl1-
base and grantte; 
local d111111tnated 
pyrite. 

taroltn1 Slate 
Belt; llletlll)rphtc 

rocks are folded 
(Vtrgtltne l)ftClt· 
nort111) and faul
ted; )Oimger tn
truslcns: brecci
ated zones cross 
the ring; joints 
present tn 111 
units with shallow 
to steep dips. 

Tennessee 

Entirely within 
1 h•stone, predcll-
tn1nt ly niedttn--
bedded, nearly pure 
1 hmstone 1 lternet-
Ing with abundant, 
wavy st lty or sha ley 
l•tnae; and poten-
tlal •lnor sulfide 
11tnera l lzat ton. 

Beds an flanks of 

N .. twille -
genera 1 ly dip 
Z!HO ft/•I with 
minor foldl of a 
few degrees; 1ver-
1ge joint spacing 
of 1 pe_r S ft. 

Texas 

Entirely within 
chalk and calcareous 
claystone. 

Eastern 111rgtn of the 
Texes Criton; beds dip 
sltghtly to E; Z faults 
Npped ecrou the ring, 
7 Inside the ring, end 
Z within 1.5 mi of the 
ring (f1ults ire NE
trending. steep, with 
dtsplacanents 110Stly 
lus than 100 ft); 
Joints ire widely 
spaced end near 
verttCI 1. 
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Table 4·1 (Cont) 

COMPARISON OF EARTH RESOURCES CHAP.ACTERISTICS 
OF SITE ALTERNATIVES 

Geoeng tneer t ng 
Condit tons 

Arizona 

ftnglmpoate .. 

pl.tstl< f-.-. 
erate to ltroflll 
calc.t,_. ....i. 

Colorado 

kgl'91ble •·fl-
'" e:llf"'t:OM: bnie 
to-1,_ 
IOi ls; GOOrf roct 

htgll frlctlaa ..... , •11•1: _..,,.., 
htr to tr..i .,.1. ..... ...., ....... l 
!ty l'llCb wltft hit!' ·""'-'' drqth-.CW.- ~t•lht~. 

l1ttct; .. """ 
belrt111t nx:Q .... 

abrcat\'e; 1Jt .to. 
•tor~ .... 

GmloQI< llounh Ml .... tc- "*"' Mlstk rttk; 
evt~ rttk; 11111: s.1 .. tc z..., l; 
U.\f .... llulld"'9 . -•b!llty of 
Cade {UICI Sel•lc 

1 .... 1, -'~'· 
1octl dllN-1• fl<lw. 

Geologic Rescun:et low •IMr1l Pot•
tt1l; previaut 
.,..1o ... 11 ... ,.,,.,., 

for cq>per. -.
nesn; fe ldsper end 

111c.e l'HOUf'Cet to 
north rcent l)' \Stdtr 
deYtl-;ooder· 
•te QI.ii Hty 1911re
gate resources near 
the site. 

Wllf1!taroad of 1 
Ml,.. wlla. 

011 Ind tu fl•lds 
t" AgiO!'I ,~ 

ff'Gll th9 Wlderl)'ing 

OekoU S&ndstone. 

I1 lino is 

AtnWlg~ter 

trtfloi.it: tn tunnel 
Uf!it; low awcepti· 
btHtr of .-wllt!'g 

c .., '" ""lo: 
ff\ l flr'QPtrt\ft •t"e 

Cl ...,IL;~ 
.-, Ht1 rcr.:k 1.tOUS 
Viti! hifh H""'1th 
dliftet..WS:sttc:si. 

"-"'-''*' lllll: S.1•1< l°"" I; 
Jl,Ktnt1•1 fot •tHOt" 

!l»9 "' 11-.. ' 
drift. 

Sand, , .... 1. <nd 
do 1aa ltt pracM:ed 

In the area • 

Michigan North Caro 11 na 

a- fr lob lo •nd Pottntttl for imd· 
modertte1y i:;et"llt"' erete~tr 

•ble; pot .. ti1l for lnflooo .... tng - .... , ...... t .... Hng; ohrlrl</ 
...... 1 ttllo; , ... -11 pottnU•I fer 

~'•' t\11• ... ~u. c \tit j9-\ftls w\tft 
ooft to _, It lff law ....-111t1; 
cloy:--· .......... "" .. 
•-tone.""" llood-tcal 
"-le •tt" fair .,., ...,,., .. 1 

rod< ,...1 tt1 ""' •-••tics. 
•t-... 
-oot-•lolt; M-1o-.1o 
le: Set- Zono I; Ht•tc rtllk; 
POH lbtllty f1f Ult lo1•1c - ! . 
wu oeoudltd ot l 
.... ,. .. 11o. 

011...i,. ... , .. l••-·1--

"-'"'"""''" 11•1; ""- ... 
ZClllS GWar 3,000 ft 

111111oltod -·· 1>111 ... tbo bmll; tin lntbo .... 
sand, grav.1, tncU. ltmlt. 
stone, and c 111 tyantte 9l"OUP •tne-
mined tn the aru. r1l1, tl:lc. ·~· 

cGpper, 1 t lver, and 

gold . 

Tennessee 

Soll• •re ct ..m 
CH; good to excel· 
1 .. t rock ... , 

quollty: potentl•l 
-·nf- •t 
w llw doptll: 
klrwt f•turu NY 
require tl"lla.nt. 

M- IOl•lo rtolt; 
la: Sol•tc z- I 
,.._, ... I,_ 

1l-1e/ool1-
hlturu; lclOl I 
... .. u.1 ror 
.... 11 ..... 

PnrvtO&ll •tnor 
ng-lpraoU:tlcn 
tnc: 1wlH trm. 
.,.,.,.., fluorine, 
and 1Md; pa1t 
exploratlCl'I .of ztnc: 
end Mtural gu; 
operattng ltastone 
qurrtes. 

Texas 

Local saturated alluvh,111 
1111y cause '1ttnor ground-
water tnflowt tn shifts; 
toils wttft mcterate to 
hlgll ahrtnl</-11 poton· 
tlal; fOOd quollty ,_ 
wtth tight ~tnta Pd 

- .1., tnftlllng; 
11ake pot•tl1l 1n clay-

•tone. 

,.,,. low 11:t•tc rtlk:. 
WC lol•lc Zollo 0. 

Prwvtoua •tnor 011 pl'O"' 

duc:t1cri fn:11 over 800-ft 
depth; 1~1trt1l re-
1ourca ·Include stone, 
clay, and 11•. 
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In Hlcbigan and Illinois, Ice Age glaciers overrode the sedimentary bed
rock and, as they melted, dep.oslted a thick. blank.et of soil materials on 
top of the rock.. The surface of this blanket is characterized by low, 
rolling hills. The occasional higher hills, that rise above the general 
topography, are also glacial deposits (kames, eskers, and end moraines). 
These glacial landforms control the course of the many perennial streams 
that drain the sites. The Michigan drainage networks are particularly 
complex spatially and are very slow to drain. 

At both the North Carolina and Tennessee sites, bedrock. extends to the 
surface of the ground. In North Carolina, the bedrock. is deeply 
weathered and, hence, exerts little control on the drainage pattern. 
The character.istics of the resulting soils govel'n surface drainage pro-· 
cesses. The terrain in both. North Carolina and. Temessee ranges fr0111 
flat to rolling and hilly. In. Tennessee, the bedrock has dissolved 
locally, causing collapsed depressions at the surface. A portion of the 
surface water drains into these depressions and directly into ground
water, rather than into streams. 

4.1.2 Stratigraphy 

The stratigraphy of the seven sites varies widely. However, sedimentary 
rock strata are characteristic at the Colorado, Illinois, Michigan, 
Tennessee, and Texas sites. These strata are lithologically simple and 
laterally homogeneous. Glacial.materials cover sedimentary bedrock at 
both the Illinois and Michigan sites. Crystalline rock typ.es make up a 
significant portion of the geologic units that would be excavated from 
the tunnel if sited in Arizona or North Carolina. The greatest lateral 
continuity of rock types at tunnel depth is found in Colorado and 
Illinois, where the flat-layered sediments have been least deformed by 
subsequent geologic events. 

Wholly sedimentary bedrock occurs at the Tennessee, Illinois, Michigan, 
Colorado, and Texas sites. Limestone and dolomite predominate bedrock 
lithology at sites in both Tennessee and 11 l inoi s. In Michigan, sand
stone occurs within a vertical sequence including dolomite, siltstone, 
shale, and evaporites. Claystone, with minor limestone, is the major 
rock type at the Colorado site. Chalk- and marl are the major rock 
types at the Texas site. 

Soils vary considerably among these sedimentary-rock sites. Glacial drift 
deposited over the valleys and hills of the subglacial erosional surface 
in Illinois and.Michigan would constitute a large part of the material 
intersected by shafts. Thin and discontinuous residual soil, and slightly 
thicker alluvial materials in stream channels, are the only overburden 
present in Tennessee and Texas. Eolian sand and loess on uplands, and 
loess and alluvium in valleys, overlie the claystone in Colorado. 

Two different geologic settings occur along the ring in Arizona: 
1) fanglomerate in the valleys, and 2} intrusive, volcanic, and sedi
mentary rocks in the mountains. Basin fill/fanglomerate is also present 
in small pockets between hills. Recent alluvial materials occur in 
washes and stream channels. 

1CHP4X3368812 EIS Volume I Chapter 4 
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Crystalline rocks, including intrusive, volcanic, and sepimentary rocks 
that have been metamorphosed and deformed to varying degrees, compose 
the stratigraphic column in North Carolina. The oldest of these units 
are truncated by younger intrusions. Highly weathered rock (saprolite) 
is the dominant soil precursor; recent alluvial materials occur in 
stream channels. 

4.1.3 Geologic Structure 

The gross structure of the sedimentary rocks at the Colorado, Illinois, 
Michigan, Tennessee, and Texas sites is simple. Only minor, if any, 
structural features are known to disrupt the subhorizontal strata in 
Colorado, Illinois, and Tennessee. Strata· at the Texas site are broken 
by several faults; otherwise, the beds dip at very shallow angles to the 
east. Broad, open folds with shallow-dipping limbs have locally tilted 
the sediments at the Colorado, Illinois, Michigan, and Tennessee sites. 

Metamorphosed sedimentary and volcanic units in North Carolina are 
faulted, sheared, and deformed into high-amplitude regional folds. 
Rocks of the Maricopa Mountains at the Arizona site are also tilted and 
faulted (including shear zones up to 10 ft wide th~t are not known to 
intersect the collider tunnel). Intrusive rocks are also characteristic 
of the Arizona and North Carolina sites. 

Local faults have been mapped at the sites in Arizona, Illinois, and 
Texas. Small-scale structural features in the immediate vicinity of the. 
sites were identified duri.ng detailed mapping, and it is possible more 
will be encountered when geo 1 ogi c verification studies are conducted. 
Joints have been found in all bedrock units. Crystalline rocks are all 
moderately to highly jointed; sedimentary units are typically less 
jointed. 

4.1.4 Geoengineering Conditions 

Tunnel alignments at six of the sites are completely in competent rocks 
where rapid excavation tunneling methods using a tunnel boring machine 
(TBM) can be employed. At the Arizona site, a portion of the tunnel is 
in basin fill/fanglomerate, which contains weakly cemented sands and 
clay; here a cut-and-cover method is proposed to supplement TBM 
excavation. 

At the Arizona site, soil properties vary from silty or .clayey fine 
sands with slight plasticity to 1norganic clays with high plasticity. 
Soils at the Colorado site consist of eolian sand, loess, and alluvial 
deposits. Eolian sand and alluvial deposits are potentially unstable 
because of noncohesiveness and high plasticity, respectively. 

The majority of soils at the seven sites may be described based on the 
Unified Soil Classification System as CL (silty clay), ML (clayey silt), 
and SM (silty sands). Soils overlying bedrock at the Illinois, Michi
gan, North Carolina, Tennessee, and Texas sites are mostly inorganic 
clays of varying plasticity with local occurrences of gravel and sand. 

ICHP4X3368813 EIS Volume I Chapter 4 
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There is a. potential for groundwater inflows into shafts and surface 
excavations at all· but the.Arizona site. In Michigan and Illinois, 
water-bearing glacial overburden consisting of till, outwash, and lake 
deposits occurs over the entire site area. Permeabil Hies in this mate
rial vary from.10- 1 cm/s for clay-rich till to io-z cm/s for uncemented 
sands and gravels. Water-bearing zones are discontinuous due to the 
great variability in thickness and composition of the glacial material. 
In North Carolina, groundwater occurs in the weathered zone of bedrock 
above the tunnel level. Flow in this zone is primarily along fractures 
with permeabilities ranging from io-• to io-s cm/s. Flow volu~~s are 
1 imited by the low porosity and storage capacity of the weathered zone 
material. At both the Colorado and Texas sites, groundwater of any 
significance is generally restricted to thicker sections of alluvial 

,sands and gravels along 11tajor streams. Water volumes and thickness of 
saturated material are q11ite variable depending on recharge characteris
tics. Pen11eabilities for these W;}ter•bearing sediments are estimated to 
range from 10-2 to io- 1 cm/s. In Tenr.essee, groundwater occur·s in 
discrete solution cavities and along solution-widened joints in near
surfac.e limestones. Because of the highly discoiitinuoas nat:ire of the 
solution features, overa.11 rock permeability and water-bearing potential 
is low. Where water-filled cavities exist, high inflows can be 
supported. 

Potential for swell/shrink in clay soils exists at the Colorado, 
Illinois, Michigan, and North Carolina sites where tills or Quaternary 
terrace deposits contain soft to very stiff clay. Residual soils at the 
Tennessee site originated from the underlying limestone bedrock. The 
mechanical prOf)ertie.s of these Tennessee soils ·are poorly known. Resid
ual soils at the Texas site have a moderate to high shrink/swell 
potential. 

Rock quality for the sites is variable depending on composition, frac
ture frequency, weathering, etc. In Arizona, cemented basin-fill allu
vium (fanglo111erate} has generally low moisture content and plasticity 
and good strength characteristics. Granitic units at the site show fair 
to good strength characteristics, largely depending on extent of weather
ing. Rocks of the Tertiary volcanic assemblage range from weak, poorly 
cemented conglomerate to dense, high-strength basalt and tuff. In 
Colorado, the rock at tunnel depth is a uniform silty claystone with 
occasional thin layers of hard limestone. This claystone shows low
strength, moderate densities and moisture contents, and a moderate-to
higb slake potential. In Illinois, the rocks that would be encountered 
consist of high-strength dolomite andlimestone,with thin shale inter
beds. Rock at tunnel depth is dolomite; shale would be encountered only 
in shafts. Rock at tunnel depth in Michigan is variable in character, 
consisting p,ri11arily of low- to medium-strength sandstones, interbedded 
with low-strength shale and coal lenses, and .higher strength li111estone 
bands. Shales have a mederate slake potential. In North Carolina, a 
complex sequence of metavolcanic and granitic rock underlies the site 
area. These rocks tend to have similar high-strength characteristics, 
modified by degree of weathering and fracture prevalence. fractures are 
common within most of these units,. especially near the contacts of 
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granitic plutons and surrounding metavolcanics. In Tennessee, high
strength, nearly homogeneous limestone extends from surface to below
tunnel depth. Thin shale or shaley limestone interlayers occur in some 
parts of the section. Solution cavities, sinkholes, and solution
widened joints are common features near the surface around the site. 
The Texas site is underlain by beds of marl and chalk (with intermediate 
compositions common). The marl, a calcareous claystone, has low 
strength and a high slake potential. The chalk is a higher strength, 
very fine-grained limestone. Rock strength at this site increases in 
direct proportion to carbonate content and is inversely related to 
moisture content. 

Fractures and natural joint systems with varying orientation and spacing 
are associated with most of the rocks at the sites. Joints and bedding 
planes in the rocks are generally tight, with low hydraulic conductivity. 
Joints with calcite and clay infillings and rough apertures may permit 
minor water inflows as a result of local excavation-induced disturbances 
at the Illinois, Michigan, and North Carolina sites. 

4.1.5 Geologic Hazards 

There is some possibility of encountering small volumes of· natural gas 
during construction at the Colorado, Illinois,.and Michigan sites. The 
Colorado and Michigan sites have had relatively active oil and gas 
extraction (from strata far below the SSC tunnel depth); there is a 
small possibility that an unrecorded or improperly abandoned oil or gas 
well may be encountered along the tunnel alignment at those two sites. 
Natural gas (principally 111ethane), unrelated to oil and gas wells, has 
been encountered in excavations in the regions around the Michigan and 
Illinois sites in the bedrock and overlying sediments respectively. 

Surface geotechnical conditions that could be hazardous to construction 
if not properly handled occur in small portions of the Tennessee site 
(karst features, landslide-prone slopes) and the Arizona site (potential 
for debris flows). 

The risk of occurrence of a strong earthquake is small at all of the 
sites. Seismic zone classification for each site is shown in Table 4-1. 

4.1.6 Geologic Resources 

Stratigraphic equivalents of the rocks at all sites are known to contain 
a variety of geologic resources that are either presently exploited in 
the region or have been previously mined or identified as potential 
targets. Industrial resources (e.g., sand and gravel, crushed stone) 
are the most common, followed by oil and gas, and a variety of metallic 
and precious minerals. However, none of the sites contain deposits 
(other than sand, gravel, and stone) that are unique or of particular 
economic significance. 

ICHP4X3368815 EIS Volume I Chapter 4 
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Industrial resources in the form of stone or aggregate, as well as a 
variety of minerals, have been produced in the vicinity of the Illinois, 
Michigan, North Carolina, Tennessee, and Texas sites. Exposed rocks in 
Arizona are also potentially viable sources of aggregate. Industrial 
resources are connnon throughout all of these regions, and in no case do 
local operations represent a regionally unique resource. 

Oil and gas reserves are most prevalent in units underlying tunnel hori
zons in Colorado and Michigan. Although several producing fields at 
both sites occur within a few thousand feet of the vicinity of the pro
posed collider ring, most of the exploration and production in these 
areas have been historical and are expected to decline steadily with 
time. Oil and gas resources have also been exp1ored or produced on much 
smaller scales in the vicinity of the Illinois, Tennessee, and Texas 
sites. 

4.2 WATER RESOURCES 

4.2.1 Surface Water Hydrology and Quality 

Characteristics of surface water resources at site alternatives are 
compared in Table 4-2. Areas of special emphasis are surface runoff and 
flooding, surface water quality, and surface water use. Discussions of 
the variation of these characteristics among the sites follow. 

4.2.1.1 Runoff and Flooding 

The seven sites fall in diverse physiographic and climatic areas of the 
country, as described in Sections 4.l·and 4.3 of this. chapter. Four of 
the seven sites drain to the Gulf of Mexico (Texas, Illinois, Colorado, 
and Tennessee). The latter three are within the Mississippi River 
Basin. The other three sites drain to the Gulf of California (Arizona), 
Lake Michigan (Michigan), and the Atlantic Ocean (North Carolina). 
Because of the variation in physiography and climate, these sites have 
significant- differences in hydrologic regime, flow volume, and flooding. 

The Arizona site is arid, with no perennial streams and very little 
surface water. The Colorado site is semi-arid with no perennial 
streams, very low average flows, and a large range of maximum flows. 
Part of the reason for low average flows in the Colorado region is the 
use of -impoundments to regulate discharge and withdrawals for water use. 
The Texas site has relatively low average flows, but a moderately high 
range of maximum flows. The Michigan and Illinois sites have only 
slightly higher average flows and a broad range of maximum flows. The 
North Carolina and Tennessee sites have very similar rainfall amounts, 
but Tennessee has both higher average flows and higher maximum flows. 

Proposed locations of the ring in the local watersheds are also variable. 
In Arizona, Tennessee, and Texas the ring crosses low-order tributaries 
with the headwaters mostly inside the ring. The drainage areas of these 
tributaries are typically less than 100 mi 2 • In Colorado, all the 
tributaries intersected by the ring originate near or within the ring, 
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Gene,.al 
cn.ractertst tcs 

USGS Gauges tn 
Area 

Channels Cr011tng 
Rtnv 

Arizona 

Gtl1 lttYer btstn 
eventwally drains 
to totcM-ado RtVer 
and Gulf of 
Calltomta. 

Two ctnt stage ~~ 
cord9rs; drainage 
..... 61 and 403 -
mtZ; no average 
flows:,.,, flows 
16-39 ft3/s!iat'-

Ooly ~rel 
w1sht1 cr01stng 
ring; fl•sh flood 
potent\11 • 
concern. 

Table 4-2 

COMPARISON Of SURFACE ·wATER RESOURCE CHARACTERISTICS 
Of SITE ALTERNATIVES 

Colorado 

Sout~ Platte River 
basin; eventually 
dr1tns t~ 
Mlsaltsl:oPI Rher 
And G~lf of Mexico. 

rtv• g1uges; dratn4 

•ge areas f';r. 111 
to 1.6,8S2 1r1i ; 
•verage flows f~ 
o to 0.1 ft'ts/mtl, 
•11 flowa regulated 
and/or dhttTted up
ttr-; "'"flows 
M55 ft3/s/•t'. 

£\gilt cMnne 11 
Cr"OSslng ring with 
dratnage arets ftCll'I 
2'4 to 81.f 111tZ; 
width-depth ratios 
ff'Q'll 3.8 to 12.S; 
floodpl1ln widths 
frm l,!00 to 
10.000 ft. 

Illinois 

Fox Rtver ba1t11, 
tributary to 
Mt1st111J)pi llftf; 
ewntwtlly drains 
to Gulf of tilPleo. 

She gauges; draln· 
•9t areas 'rm 29 
to 1,403 •\ ; avt:r· 
•9" flows f- 0.6 
to 1.l ft3/s/ll'lt2; 
.... fl~ 5-38 
ft3/1/11t\ • 

Fourteen channels 
crosstng ring with 
dra in1g1 ar•• frm 
10 to 1,738 Ml2: 
width-depth ratios 
eenerally from 2~a 
to 11.7, except tt. 
Fox R her with 
rat !Os fNllll 100 to 
125; floodplatn 
w1dttis frm SOO to 
2,500 ft. 

Hlchlgan 

Grand R tver bas tn: 
dra1n~ directly to 
li.ke M1cht9.n. 

Sh: ective gaugi1s: 
drainagt 11'911 fran 
9to1,230111\Z; 
average f jows O I 
to 0.7 ft /s/mtl: 
.,.. flows 1-1!8 
ftl/s/miZ, 

N tne channe 11 
cros&ing rtng with 
drainage 1~1· frcn 
6 to ~] Ml ; 
width-depth r1t tos 
fr"' 1.2 to 15.0; 
floodplain w1dtl'• 
from 75 to 1,000 
ft. 

North Carolina Tennessee Texas 

Dtvtded ~ng Divided an::no Trll'llty River Des in; 
Neuse , Tar, and Cllftberland and evl"nt1.:..1lly dratn3 to 
Rozi,nolte R. Iver T enne1t• t \ver Gulf of Mexico. 
ba~tns; eventually be1tns; eventually 
dra tns to the dr1tn1 to t~ 
Atlantic Ocean. Mta1tsstppl River 

and &ulf of ~1co. 

Four active gaugeos; F'lve acttve 9au~1; Five gauges; drainage 
dr1tn1ge are(• fra1 dratnege aroel fron arfas from 63 to 963 
4l to 161 •1 ; 111 to 4&1 •\ ; 1111 ; l\'arag• flaws ~l"W 
avtrage flows fro11 everage flews fn111 0.2 to 0.4 ft3/1/111t ; 
o.9 to 1.2 ftl/1/otZ:. l.6 to l.9 ft3/s/ml2; ~x flows 77-238 
.. , fl::':! 15-134 '"'§ fl~ !06-~69 ftl/s/mlZ. 
ftl/1/ol • ft lsl•I . 

She: channels cros1-
tng rtrig wtth drain .. 
age 1reas fl"Olll 11 
to 141 1112 wtdth
deflth rat tos fraa 
3.3 to lZ.O; flood
plain wldtl"ls frm 
90 to 400 ft . 

JI Int chanM 11 cross
ing rtng with dratn
&go •re&• f,,.. 4 to 
72 otZ; width-depth 
rattot f'ra11 3.3 to 
7 .C; not all art 
perernlal ttreJIM; 
f1:-rxtp1aln widths 
fro> 200 to 2,000 
ft. 

tight channels cr.>ssl~ 
ring with drilnaga 
a-as frtllft 4l to 107 
iu1~; width-depth r1t los 
from 2.3 to 5.0; flood
plain widths frcm 300 
to 2,000 ft. 
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Table 4-2 (Cont) 

COMPARISON OF SURFACE WATER RESOURCE CHARACTERISTICS 
OF SITE ALTERNATIVES 

Arizona Colorado 

floodplain llopo Ono Flood Homd Ono Flood lllHnl 
Avotlolllo _..,.., .... .................. 

- preltliiMry .. prt1ltlltn11"J 
FIRM' 1 for *""" FIRM' t for MDf'IM 
County Including County including 
porttOM of e..vw port tana of 8el'ler c-.-c-. C1'91k,llud<C-. 
end Shlln Drlllf. lftd ShMra Dr•. 

VATll QU!l.ITY 

Conltttmnt No turflC8 •ter L.wela frm -
Cclncent:ratlont qua ltty data , .... 1t1t Ion on South 

t..ttate vtctntty Plitt• River ha"' 
U. fallowing 
r111111: 

DD ("911) 0-11 
[S] 

Nttroto (':'J/11 
2-6 [0.1 

T1)S (111/ll 
625-1.105 

Lllld J119ill 1-ZI 
[0.05 

1. DD • Dt1to 1Yif OX)'9ln 
2. T1IS •Total dl-lWld ooltdl 
FEM • Federo 1 &.rgoncy Ilona- Agonoy 
FIRM • Flood ln1Ur1nce Rite Map 
FlllM • Flood -nl _.., .... 

1111no1s Michigan North Carolina 

ec:..nttn tn Wttch llo FEM -Ing of One county cavered 
rtng wtll be floadpl1t111 tn by FIRM; two _,.. 
loc1ted an GOVeAd vtctntty of ring ti•• coveNd by 
by Fllll. exc-.:it for 1 par- Ftal; no countt11 

t ton a( tt. Grand nc luded frm FEM 
R tv1r. 5""' US6S -Ing. 
flood-prone •rt• 
lllPI 11"1 ...,, t lab le. 

level• frm four level• ,.,. five Le¥tll ,,. llX 
1t1tton1 tn 1tte 1tattons In 1tt1 1t1tton1 ·In 1tt1 
vicinity hive the vlctntty tw.vs the vlcinlty hl"M thl 
following nnga: following rf1n9U: following rtft9U: 

DD (og/1) 4-17 DD (og/1) 4-IZ DD ("911) 2-11 
[SJ r.£.~ Col. 

[SJ r ... 1 eo1. (11100 mrota (11V/ll 
•11 t-53,000 (11100 •11 0-2 og/l 
[200] 2-92.000 [200] Lllld ("9111 100-200 

Kttrota (111111 0-12 Nttrato (og/1) [25] 
T1)S (111/11 220-1.000 12-17 

[1,000] T05 (og/11 270-710 DID] 
L•d (llf/1) D-100 Lllld (!19111 
[100] 1-50 [14] 

Tennessee Texas 

One county eovt1red Only county tn •tch 
by FIRM; thrae ring wt 11 be 10Clted It 
count tea covered by cove...t by FIRM • 
nat; no counties 
nc ludld fn11 FEM 
-Ing. 

level• ,,.. four levalt fra1 three 
atl.ttons In tit• 1t1tton1 ln tt. 1tt1 
vtctntty have the vlctnlty hive thl 
following ranges: following rangu: 

DD (og/ll 1-17 DD (og/ll 5-14 ['] pi Focal. Col. T,~"'1/lJ 150-580 
1/100 •1) 

10-12,300 [ZOO] 
Kltroto (11Vlll 

D.4-1.0 

[] Stitt •ttr qt,a1ltt11t1ndlrd for •ltlple111 •t•• . · 
[*] Surfece .ner quelttr ltlnderdl tn Tues are...-......... 1. rmt-to1xclld lt•tu. end ere, therefore, not appllclblti to C1G11P1rtson wtth tn1tantln1C1111 obaetvattOn1. 

Sourcet: lr.lm!!I.: 1-a 19881>; U.S. """1Co<pooffngl_,..1!182. '2.lwll!l: _,,,ld 19'8; lllS to.p 1988; U.S. A"'1 Corpa of Engl-rs 1977. lll.!mll: tludd 1988; 
Fffijii'ald et al. 1917; Federal '-"lincy ..._t Agonoy 1911a, 1981b; •high 19'8; U.S. k"'1 Corpo of fngl...,. 1914. ll.llihlJtln: FederoH•i'goncy ...,_.t AolncJ 1~: Mtller It 11. 1987: U.S. E,,.t.,,,_t1l Protctton Ao-ncy 19881. "frth Cam11i1: 8arkar et al. l~ral Emrgwy Manegwnt 
Agency 19781. 197•~ 19711; lorUI Caroltna o.,t. of Wltar and 1tr Reaourca No date; U.S. nviror.nta Protection Agel!cy 1988b. Il!muut.= Biker 1988; Coff• 
et al. 1114; Fodlrol fJoorvonc1111-t -y 19711o, 197111, 1980, 1911c; L_,y et al. 1987. IuQ: Federal &.rgoncy Ml-t-llgitliiy 11117; 61ncorz 19881, 
1981b; Trlntty Rhw Authority of TtxA, State of TIXlll 1988. t 
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Affected Enviro11111ent 4-12 

except for Beaver and Badger Creeks. Both Beaver and Badger Creeks 
would be crossed twice by the ring. At the downstream crossings, Beaver 
and Badger Creeks have drainage areas of tDOre than 800 mil and 300 111J2 
respectively. In North Carolina, the tributaries intersected by the 
ring originate near the center of the sife, except for the Flat River. 
Each of the drainage areas is less than 150 mii. The ring location in 
Michigan crosses the headwater reaches of streams, mostly within the 
Grand River watershed, which is nearly 450 mi2, The Illinois site has 
the largest channel (the Fox River) crossing a proposed ring location 
with a watershed area of more than 1,700 miz. 

Floodplains of the various sites fall into three approximate width 
ranges: less than 1,000 ft, over 1,000 ft but less than 5,000 ft, and 
up to 10,000 ft. Arizona's floodplains are not comparable because of 
the ephemeral nature of streamflow. flooding widths have not been esti
mated for the major washes or other flash flood areas. North Carolina 
is the only site where the floodplains of all channels in the vicinity 
of their ring crossing are less than 1,000 ft in width. This reflects 
the topography of the upper Piedmont where streams are typically located 
in narrow valleys. Illinois, Michigan, Tennessee, and Texas have pro
posed ring locations crossing streams and rivers with maximum floodplain 
widths between 1,000 and 2,500 ft. The Colorado ring includes channels 
that cross.the ring and have greater floodplain widths.· None of the 
Colorado floodplains js less than 1,500 ft wide, and one area of channel 
confluence is estimated to have a 10,000-ft-wide ffoodplain. 

The existence of flood insurance mapping indicates not only an identified 
flood potential, but also the presence of enough improved property at 
risk from flooding to be a concern. Thus, areas that may have signifi
cant flood potential but little or no development would not need flood 
insurance mapping. For those areas that do have flood insurance needs, 
there are different levels of detail and accuracy in the mapping pre
pared by the Federal Emergency Management Agency (FEMA). A Flood Hazard 
Boundary Map (FHBM) gives approximate limits of floodplains to .Identify 
hazard areas. A Flood Insurance Rate Map (FIRM) is based on more 
detailed analyses and is necessary where significant flooding occurs in 
developed areas. At the seven site alternatives, only Illinois and 
Texas have complete coverage of the ring area with FIRM's. Arizona pre
sently does not have FEMA mapping in the vicinity of its proposed site. 

4.2.1.2 Water Oualjty 

The amounts of existing water quality data are highly variable for the 
seven states. Table.4-2 .Presents data collected from surface waters in 
the major drainage basins of each of six site alternatives. (Arizona is 
not included because the proposed site does not have any surface water 
streams or rivers on the site.) These data come from streams of various 
sizes and from stations selected for the purpose of monitoring these 
streams, often concentrating on problem areas. 
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Affected Environment 4-13 

In general, the surface waters associated with each of the sites are 
suitable for multiple uses (recreation, aquatic life, and public water 
supply after proper treatment). The criteria associated with multiple
use waters are not the same among the sites; dissolved oxygen (DO) 
should be maintained at not less than S 111!1/l; total dissolved solids 
should not exceed 1,000 mg/l for Illinois, 750 mg/l for Michigan, 
500 mg/l for North Carolina and Tennessee, 300 mg/1 and 500 mg/1 (both 
annual average not-to-exceed limits) for Texas; fecal coliform should 
not exceed 200 colonies per 100 ml for Illinois, Michigan, Tennessee, 
and Texas; nitrate level should not exceed 0.1 mg/t for Colorado, and 
10.0 mg/l for North Carolina; lead level should not exceed 0.05 µg/l for 
Colorado, 100 µg/l for Illinois, 14 µg/l for Michigan, 25 µgfl for North 
Carolina, and 50 µg/l for Tennessee. 

Dissolved oxygen (DO) does not differ significantly at the seven sites. 
Nitrate levels in Illinois and Michigan ranged between 10 and 20 mg/l, 
Colorado's highest value is below 10 mg/1, and North Carolina and 
Tennessee have values well below 5 mg/1. Colorado and Illinois streams 
have maximum total dissolved solids (TDS) values around 1,000 mg/l, and 
Michigan and Texas sttea11s have maxi11111111 values less titan 1,001> mg/l. 
Illinois and North Carolina have maximum lead values from 100 to 200 
µg/1, while Colorado and Michigan lead levels are between 20 and 50 
µg/l. Michigan and Illinois streams have maximum levels of over 50,000 
fecal coliform bacteria per 100 ml, while Tennessee has a maximum of 
12,000. 

An indicator of point source loading of pollutants can be obtained from 
the number of permitted dischargers under the National Pollutant Dis
charge Elimination System {NPDES). Such permits are obtained for indus
trial discharges, cooling water, and a'fly number of other discharges, but 
are primarily for sewage or wastewater treatment plants. The n1111ber of 
NPDES permits issued in the proposed site vicinities are: 

Arizona - None 
Colorado 14 
Illinois 117 
Michigan 5 
North Carolina - 15 
Tennessee - <10 
Texas 16 

4.2.2 Groundwater Hydrology and Quality 

Characteristics of the groundwater resources at the site alternatives 
are compared in Table 4-3. Areas emphasized in the comparison are 
hydrologic setting, llydrologic controls, piezometric conditi-Ons, depth
to-water, groundwater quality, and groundwater use. 

4.2.2.l Groundwater Hydrology 

The seven sites represent five different hydrogeologic regimes. The 
Arizona site is characterized by basin and range structure and uncon
solidated to moderately consolidated basin alluvial deposits. 
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Hydrologtc 
Sett Ing 

Hydro1ogtc 
Contro1s (Flow 

Mechml•) 

Pteu.t:rtc 
tondttlons 

Arizona 

Unconaoltdated to 
.aderately conso1t-
dlttd 11luvt11 fill 
waterta \ derived 
ff'Clll IUrroundlng 
11111tly granitic 
bedrock 1110Unta Ins 

Porous lllldla fl~ 
tn ba1tn alluvlUll 

Unconfined l•t•r-
t1ble) In upper 
portion of sa.tu-
rated allwh111; 
conftned tn deeJler 
ncn....,ts 

Table 4-3 

COMPARISON OF GROUNDWATER RESOURCE CHARACTERISTICS 
OF SITE ALTERNATIVES 

Colorado 111 inois Michigan North Carolina 

Unconsolidated sur- UnconsoHdated gila- Unc:onso ltdlted Saproltte and par-
ftctal deposits ctal drift 9l1ct1l drift ttally Withered 
consist Ing of dune overlying lndurated overlying lndurated bedrock overlying 
sands, loess, and sediments sedt111ents consist- highly tndurated 
alluvial deposits eonststtng of dolo- Ing of sandstone, Igneous and 111et1-
a long stream chan- 111ttes, shales, and she le, 1tnestone, morphtc rock1 
nels; underlain by sandstones dolantte and tome 
genere 1 ly lfllPIT'lllll!-
able claystone 

11tltstone 

Porous Media flCJllll Porous lltdla flow Porous medta flow Porous oedta flow 
In surf le ta 1 de- In glacial drift: In glacial drift; In tapro11te; 
pos tts; fracture fracture and dis- fracture and dis- fracture f-low tn 
flow In up to 70 solution f1-t In 10lutlon flow in part la 1 ly weathered 
ft of -thered dolC01itH Ind 11..,tono, Iha 1•. bedrodt zone 
c laystone; very sha lei; precbftt- and dolanlte: pre-
1 ltt le, If any flow nantly porouJ lllldta dCllltnantly porous 
tn relativity llft"' flow In sandsto11es -'1• flow In 
pe,_.b le unwu- 1and1tone 
the red. c laystone 

Unconfined In sur- Mixed unconfined/ Mixed unconfined/ Predominantly uncon-
flct1l deposits and confined In surftclal confined In 1urftct1l fined In saproltte; 
weathered c l1ystone 'glacial deposits; glacta 1 deposits; occastcmally uml· 

smt-conflned to con- unconfined to con· conftned tn par• 
ftned tn deeper bed- f tned tn deeper bed· ttolly ... tharod 
rock units rock untts bedrOck 

Tennessee' 

Indurated bedrock 
consisting of thtdl-
and tht n-bedded 
limestone, dol0111lt1 
and some shale 

Fracture and di•-
solution flow In 
l tmestone1. do lo-
111ttn and 1httes. 

Unconfined tn upper 
limestone; confined 
conditions In deep 
1ol11tton futures 
tn t h~estone 

Texas 

Unconsolidated alluvial 
deposits along 1tn1111111: 
relatively Impermeable 
tndurated chalk, mrl, 
and claystone overlying 
sandstone wtth tnter-
bedded shale 

Por01.11 ndt1 flow tn 
aurftctal alluvial 
de!JoSlts and deep 
sandstone un t t1 ; 
1 t•tted fracture flaw 
In Up to 15 ft of 
-thered cM 1k and 
... ,1 

Unconfined tn surftclal 
11luvt11 dapostts: deep 
sandstone aquifer 
units conftned 
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Arizona 

Depth-to-Water Ral'lget f,.on 100 to 
7D<l ft be low land 
turfaoe t11 ba11nf: 
thrau~t site t::· 
1r1 l ly 1rt1.ter t n 
SSO ft be low land 
surface 

liro•mdwatt:r SGl!lll \T"Ul varitbt-
Quality lity; 1odl"' chlo-

ride I>"" p....,.,,,1-
nant; TOS t~tcally 
300 to 550 og/1 -
"" to 1.aoo og11 
tn trrtgatld 
ere1s • locally 

"""""" not1""41 drt.,ic. tng •ttr 
tetondeTy •tandard 
for TDS; _,.11, 
•oft; no uie ll•tt-
inQ canst 'tUMtt. 

Table 4-3 (Cont) 

COMPARISON OF GROUNDWATER RESOURCE CHARACTERISTICS 
OF SITE ALTERllAT1VES 

Colorado lllinoli Michigan North Carolina 

R1ncps frfJll n11r ll«n;et fron 1'1Ur ftlrtget ft(lft l\Ut' lt&l\gff ff'OI l'\Mf 
1wrface to about 60 surf1ce to 20 ft su1"f1ce to SO ft surface to 30 ft 
ft be low l•nd belw l111d surface belGlrf land surface be low land surfac:;t 
surf1" 

V•riab'• ~twelm SGlll •Ntal '4a.ri- $~ ., .. , 'ff:?\•b\ .. l 1ttle 1rnl v1r,a-
units: e1lc:t1.11 ibl ltty Ind bet...., ht)' bat.,..n untt1: btlity betwNn 
l\l 1fate/btcarbonat• untts; calcll.lft-"11119· ~•le h11rt111gn11hn untt1; •1xed btCJr--
type 5ltedalllnant; ntth• bt(.lrbonate bt-c:1rbaf\o.te t¥CM bon&t•trs-11<-
TQS r111ge 120 to t,,,. pr-ln .. t; precbtlnJinti TDS tl\lnt: T S rtl'Mll 
a,700 1119/11 TOS ood TD$ t>1>1c•HY ra:11f11100 io 1,000 H to 800 og/1; TDS 
aulfata CC1111D111y 300 to 1,ZOO "'/1; 11g1/l; lOS, lrert and oocetlonall~ arid 
exclld nat tOM l TGS, tulfate end ohlorlclo loe11ly t ron COlllll1fl y ex .. 
drtnt tng weter tron 1QC4117 exceed ·~- NittQNl i;"'*' n1tt0Ml 
HCondilry •tan .. n11ttON1l drt,.lng drtnk Ing water MC• df'i,.tng 111ter 
dafds; h~gh nitrat• watv •tcondtry ancMry 1t1ndfrd1; secx>Pdeiry 1t1n .. 
1rtd hardnest typt- 1tendards; ~lgh htgh tron ·very CCIII"' dlrcflj Ybl'ttble 
Clll In wllow '""' very a1111111n: lllOnl typt"lly very f PQll nft to "91")' 
1llttt11-l dtpo1\t1. tY1*1"1\y 'ft1'~ hanl. hard. 

hlrtl; 1 lev•tff* 
rlCiilll' tn gl"Ound-
water tn 1ru Just 
tatt of 1tte • 

•GrO!J111Miter wtth elevated r1dh11 level1 tnlY be uttd u cool1,,g water or for otN:r J!Urpctn exc:ept 11 a pottble aource. 

Tennessee Texas 

ltar\9'~ f~ f\tl.1" lt!e1r t.~rfac• 'n tuTfi-
1urf1ce to about etal tlluvtal dapo11t1; 
ZSO ft bolo• land water may te eri;oun-
surf•ce tered tn u.ppar 15 ft cf 

cM lk and inarl; be1C1111 
wutkered ton• units 
1r1 iesseottilly dry; 
depth to wet1r is <15 
ft 

V1rl1b'• 1r .. lly Variable 1ret11y ind 
and between unttsi bet....,. unit•: sodlm 
Cl 1~ 'lUIH1lagf'ell hlll bicarbonate t)'pe pre-
bta.rboN.te t~ dcsr.11\41\t; TOS rL'\91 $\l\l 
pradaftltr.1nt; TOI to 3.ooo 1111111: ros. 
ranae zoo tP 12,000 sulfate and Ghlortdl 
bt.it 9ener1 l ly 200 locally exi:-.d national 
to 1.soo lllJ/1; ws, drink Ing water 111cond-
chloride and Iron ary 1t1.ndeirdl; nitrite 
c:omon 1 y nc:Hd loaa 1 ly excltds n.t~ tonal 
"1ttonal drinktng drtmttng wat9r prt111&ry 
wtter tecand!ry 1ttnd1rds tn sr .. 1 low 
st.ndlrds; ~)'dragon alluvt~: hl.rclnei' 
1ulf1dt odor 11 v•r1ab1e - toft to 
CCIR)n; variable 11t~ly f!lnl ln deep 
fro11 soft to very •C1U'fers, vtry hard fn 
hord. , .. ,,. •l\1,Nil.lll. 

Sources: 6ent!JJ: Drtacoll 1981; U.S. Envtrornmt1l Proteetton Afenc:y 1977. ~: 8rookt 1987; Cuff 19fM: Ho11ttt and Marte 1987: U.S. Envtromie:nte.l Prottctlan ~f.fltY 
l9831i'W\Ts0n 1979. Cl!Jmdo: IJorklund and B"°"" 19$7; Colorldo Geol091C,"T.0.. 1916; Colorodo Geol09loal Sorv1y 1988; McGovern !PM; Motg'" County Qu<Hty W.ter 
Oistrlot 1~7; Re11111loretil. 19811 lltl, Curtis Voll• ...ct Co. 1978. ilJ.ID2!1: Boot~ 111d V1ugt 1986; Curry et 11. 1118ll; Huohl• et 11. 1986; Jonnl091 1987; K"""ton et •I. 
18871 and 1987b; Schtct tt 1l. 1976: Yatden et 411. 1881; Vtsacty et 1._1. 1985; Vtsocky and Sat..!9et1t1r 1988; Wo1ltl' tind S1ndtr1r.m 1978; W.:,lltr f't 11. 1988. ~: 
611bert/ t-lth of Mlehlgan, lnc. 19881, 1-. and 1988o; loghllo tounty llellth Depsrt•nt 1987; MleMgan Depsrtiaant of Public HM 1th 1988; Michigan Geo!Ogltil 
!t.trvty 1987i RedfaP 1979i IJ.S. Ari!)' Corps of (ngtnetrs 1970; Western Michigan-lk!1vers1ty 1981. !o1h1;•1"(!1lna: Bain ind 11Pas 195&; M.ty end TtOM.• 1968; Mortn Ca'.'"Olina 
Deplrt.nt of Mtt11rel Resource• 1nd eo..ntty Defflcpnent 1983 ind 1986, Tenns111n: Adw et 11. 9a; Br6ha.n11nd BNdley 1988: Geotrans, In~. 1S8!1; Newcom 1958; 
~ tnd Smtth 196Z~ ~''"'et''· lt71; l\IT"•ki and &uroMtt 1960. ~: f~• and Cheery 1979; Ma1on, Johnston end As1ocl•te1. }nc. 19&1; ltord11tro111 1982'; 
Souttwe1tem l1boretorte1 1987: TelCIS Wtter Developnent Board 191e: Thon1pson 1967; Wl1H1111 F. 9uytgn A1soct1tes, Jnc. 1987. 
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Affected Environment 4-16 

Illinois and Michigan have unlithified glacial drift overlying a typical 
midcontinent sedimentary sequence. Tennessee is characterized by a 
shallow karst (limestone) hydrologic regime typical of the west-central 
Appalachian portion of the country. The North Carolina site is pre
dominantly crystalline rocks with a deeply weathered profile. The 
hydrogeologic regimes at the Colorado and Texas sites are similar in 
that shallow permeable alluvial sediments overlie fine-grained sedimen
tary rocks in which groundwater movement is limited or nonexistent. In 
Texas, major regional aquifers underlie the fine-grained sedimentary 
rocks. In Colorado, there are no major regional aquifers at depth. 

"Qie hydrogeologic controls that govern movement of groundwater in the 
unconsolidated deposits vary from site to site. In Arizona, porous 
media flow is the predominant mechanism for groundwater movement within 
the basin-fill alluvium. In Colorado and Texas, porous media flow 
occurs in the surficial alluvial deposits, while fracture flow is likely 
dominant in the upper, weathered portions of the underlying fine-grained 
sedimentary rocks. Below the weathered zones, little, if any, 
groundwater movement occurs in these sedimentary rocks. In Illinois and 
Michigan, porous media flow occurs in the glacial drift, while 
dissolution and fracture flow occurs in the carbonate sequences. Porous 
media flow also occurs in the interbedded sandstone sequences. In 
Tennessee, dissolution and fracture flow occurs in the carbonate and 
shale sequences. In North Carolina, porous media flow occurs in the 
saprolite, and fracture flow occurs in the partially weathered crys
talline rocks. Below the weathered zone, a limited amount of 
fracture-dominated flew is likely. 

General piezometric conditions throughout the sites are similar in that 
groundwater in the shallow, surficial, alluvial, glacial, or weathered 
bedrock deposits is typically under water table or unconfined condi
tions, while groundwater in the deeper sediments is typically confined. 
Both unconfined and confined conditions occur within the ·alluvial sedi
ments at the Arizona site because of the presenc~ of interlayers of 
clay. The surficial glacial deposits of the Illinois and Michigan sites 
also have mixed unconfined/confined conditions because of the variable 
lithology of the deposits. 

Depth-to-water at the sites is typically shallow except in Arizona where 
it is generally greater than 350 ft below land surface. At the other 
sites, the water table is typically within the upper unconsolidated and/ 
or weathered/fractured sediments that overlie low to very low perme
ability bedrock units. In Colorado, Illinois, Michigan, and North 
Carolina, water is generally from near the surface to 60 ft below the 
surface, while in Tennessee, water is generally from near the surface to 
250 ft below the surface. In Texas, where alluvial deposits occur along 
stream channels and in the upper weathered portion of chalk and marl, 
depth-to-water is typically less than 15 ft. For the major aquifer in 

· the Texas project area, depth-to-water is approximately 440 to 880 ft 
below land surface. 
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4.2.2.2 Groundwater Oualitv 

Groundwater quality is generally good at all of the sites; however, 
there are differences in the variability and nature of groundwater 
quality among the sites. The differences in groundwater quality are the 
result of differences in rock type and mineralogy and groundwater flow 
conditions. · 

Rock type and mineralogy control the ionic composition of site ground
water •. Calcium-magnesium bicarbonate-type water is predominant in the 
carbonate rock terrains of Illinois, Michigan, and Tennessee. A calcium 
sulfate/bicarbonate-type water in Colorado is likely the result of gyp
sum in the weathered Pierre shale bedrock. A mixed bicarbonate-type 
water is predominant in North Carolina, reflecting the availability of 
all major cations in the mineralogically diverse metamorphic and igneous 
host rock. Sodium bicarbonate and sodium chloride-type waters are 
predominant in Texas and Arizona, respectively. 

All sites show local variability in groundwater quality, either areally, 
between hydrogeologic units, and/or with depth. This variation is 
greatest in Tennessee, Colorado, and Texas. TDS range from slightly in 
excess of 100 to several thousand mg/l within these sites. There is 
less variability in groundwater quality in Arizona, Illinois, Michigan, 
and North Carolina, where TDS typically range from 300 rng/l or less to 
approximately 1,000 mg/1. Groundwater with TDS of up to 1,800 mg/l 
occurs beneath irrigated areas in the vicinity of the Arizona site. 

Although relatively good quality groundwater is, in general, typical of 
all sites, TDS and selected chemical constituents locally exceed second
ary (recommended) national drinking water standards for public sources 
of drinking water at all the sites (see Chapter 6). The TDS standard of 
500 mg/1 is commonly .exceeded at the Colorado site. Groundwater beneath 
irrigated areas in Arizona commonly exceeds the standard, while ground
water outside irrigated areas is commonly within the standard. The TOS 
standard is only locally exceeded at the Illinois, Michigan, North 
Carolina, Tennessee, and Texas sites. In general, the higher TDS values 
are associated with groundwater from deeper aquifers or formations. 
However, groundwater with TDS in excess of 500 mg/l occurs intermit
tently within shallow aquifers at all of the sites. The secondary 
national drinking water standard for iron (O.l mg/l) is commonly ex
ceeded in Illinois, Michigan, North Carolina, and Tennessee. Secondary 
standards for chloride and/or sulfate (both 25 mg/l) are locally 
exceeded in Colorado, Illinois, Michigan, Tennessee, and Texas. Nitrate 
in excess of the primary standard of 45 mg/l is common in shallow allu
vial deposits at both the Colorado and Texas sites. 

Water hardness shows some variation among the sites. Soft to slightly 
hard groundwater is typical of the Arizona site and the deep aquifers at 
the Texas site. Hard to very hard groundwater is typical for the shal
low alluvium at the Texas site and is, in general, typical of the 
Colorado, Illinois, Michigan, and North Carolina sites. Groundwater at 
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the Tennessee site shows somewhat more variability, ranging from soft to 
very hard, but relatively hard water is most typical of the site. The 
one unique groundwater quality identified was naturally elevated radium 
levels in the region of the Illinois site. In general, data for metals 
and radiologic constituents and parameters is limited. 

The water quality management plans of some of the proposed states in_clude 
antidegradation provisions to protect the quality of waters. Five of 
the seven states have specific antidegradation or nondegradation policies 
which relate to groundwater. Of the remaining two, Texas has a general 
degradation policy and has a committee that is working on antidegradation 
rules which may be in place in about a year. Colorado has implemented a 
system designed to set groundwater standards, classify aquifers, and 
characterize them based on chemical standards. These antidegradation 
policies· are targeted to "prevent the degradation of water qualityn but 
rely on the "best technical judgment" of their staff rather than on 
radiological or chemical concentration limits. All of the proposed 
states allow variances, determined on a case-by-case basis, considering 
social and economic factors. ·There are no sole-source aquifers at any 
of the sites. 

4.2.3 Water Use 

The characteristics of water use at the site alternatives are compared 
in Table 4-4. In general, surface water resources are limited at the 
Arizona and Colorado sites·while relatively abundant at the Illinois, 
Michigan, North Carolina, Tennessee, and Texas sites. Groundwater 
resources are available but limited in areal extent or with depth at the 
Arizona, Colorado, North Carolina, and Tennessee sites. Local and 
regional aquifers and relatively abundant groundwater resources occur at 
the Illinois, Michigan, and Texas sites. 

4.2.3.l Surface Water Use 

Current surface water use in the vicinity of each of the sites is 
different. The data available for water use for each site, and even for 
different uses at the same site, is of variable quality and complete
ness. Nonetheless, some general comparisons can be made concerning the 
types of uses and, in some cases, the approximate amounts of surface 
water used in the vicinity of each site. 

The Arizona and Colorado sites have little surface water available. 
Arizona uses the least--only what can be collected in cattle tanks for 
stock watering. Colorado also has small collection ponds or tanks for 
stock watering in the site vicinity, but no records exist for this water 
use. Beyond the immediate site vicinity in Colorado, surface water from 
the South Platte River is applied to a broader spectrum of uses. Very 
little surface water is presently used in the Illinois site vicinity 
except as cooling water a,t Fermilab. Surface water use in the Texas 
site vicinity is around 11,000 acre-ft/yr. The water uses in Texas are 
municipal, industrial, and agricultural. Surface water use in North 
Carolina and Tennessee is approximately 33,000 and 22,000 acre-ft/yr, 
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Water Resource 
Available 

Current Surface 
Water Use 

Arizona 

Essent ta 1 ly l'MJ lo-
cal surface water; 
1\•\t~ g~tff 

tn alluvia; basin 
aquifers; recover-
able grounctw.ttr tn 
storage In proposed 
source (Northern 
Vlkol Valley) estt-
Nted 2.0-3,l 
111tllton acre .. ft. 

l hntted to stock 
watering fr°"' 
ponds; 1..,.rted 
surf ice water used 
for lgrlci.ilture In 
Gila Bend 8utn to 
tho -t. 

Colorado 

Surface WJter 
1 ltntted 1t s1te; 
1tte streams '\nter-
"'ttttnt; South 
Platte River 
hNvi ly used and 
carnttted; ground-
wtter H111tted to 
1lluvtai aquifers 
and weathered zones 
tn Pierre Shale; 
Hay Gulch aquifer 
I pniposed IOUTCO) 

contains 2,000,000 
acre-ft storage, 
annua 1 recharge of' 
7 ,000 acre-ft/yr. 

Only •lnor stock 
a.nd agriculture use 
except for South 
Platte River north 
of stte. 

Table 4-4 

COMPARISON OF WATER USE CllARACTERISTICS 
OF SITE ALTERNATIVES 

Illinois Michigan North Caro 11 na 

Extensive ground- Exteristve surface EJCtenstve surface 
water and surface and groundlfater water resources; 
wa.ter reswrces; resources; surface surface water in 
perennial strea1111; •.tter in perennial perennta 1 streams 
groundwater tn strNlllS ind reser- and reservoirs; 
glacial drift. .,.airs; groundwater distrtbuted rural 
shallow and deep !n glacta.1 drift, water-supply 
bedrock : bedrock shallow bedrock: systems: lti11tted 
1qutfer1 mst and deep bedrock groundffit1r 1n 
developed; ufe aqutfers. near turface 
yields of 85,000 -theredf 
and 19,000 acre- fractured zones tn 
ft/yr for caitltned Nt.wnorptitc and 
gl1cl1l-drlftf Igneous rocks. 
shl 1 low-bedrock 

•nd dee9-bedrock 
aquifers respec-
ttvely. 

Very 1t111lted use: Jn two-county aru Total UH In site 
Fox Rt'ltlr ts total use ts about vicinity ts about 
Industrial supply 125,000 •ere-ft/yr, 47, SOD acre-ft/yr; 
at Femi lab - prl1111rt ly pcwer 65" resldent1•1, 
1,300 acre-ft/yr; plant cooling water 13X trrtgatton, 171 
1t1na wun\c\pa1 use. (91'}, """1nder eoo11ng, m11111rcl1l 

(3X) used for' lrrt- and 1nduttrl• 1 (51}. 
gat ton and tn~s-
trial; 1urfac1 
water largely 
undeveloped. 

Tennessee Texas 

Extenstve surface Extenstve 'surface water 
weter resources tn resources tn reser-
perennial streams voirs; groundwater 
and reserve I rs that resources tn shallow 
are heavt ly used; 1l1uvt1111 (minor) and 
11-i\ted 9roUT1difater deep Nndstone aqu,fers 
deve lopn1nt f rcn (mojor). 

shallow (up to 
200 ft depth) 
fractUrn and 
dissolution zones 
tn lt•1tone bed-
rock; 11f1 yield 
11tt1111tes suggest 
100,000 ICA-ftfyr 
of~ter 
available tn 
shallow aquifer 
beneath the atte. 

Total UM tn site Total use tn Ellis 
vicinity ft about County ts about 9, 700 > 
20,600 ocro-ftfyr; acre-ft/yr: 83X 111.1-

...., ...., 
SOI rn1dentltl, nlctpal, 9X 1111nufac- <II 

n 
29X c_,.rc ta 1, ind turtng, Ind 8X ..+ 

<II 
211 Industrial. livestock. Q. ..., 

" < 
~ ., 
0 

" 3 
ID 

" <+ 

... 
' ..... 

ID 



...... 
n 
:J: ..., .... 
>< ..., ..., ..., 
~ ..., 
C> 

.... ,.,., .... _ 
...... (/) 
N 
-.c: '-C 
CD~ 

CD c: 
3 

"' -
n 
"3" 

"' "CJ .... 
"' ..... ... 

Current Ground· 

water Use 

Arizona 

About 45,000 acre· 
ft/yr pr1•rt ly for 
trrtgat ton In 
V.tenNln Wish; 
inlnor rural 
donesttc/stock use; 
bes Ins to north and 
west are over-
drafted; ihwtted 
use t n proposed 
source basin; 
itunlC ipa 1/ 

tndustrta 1 needs of 
raoote popu lat Ion 
centers (Ntrlcop&, 
Avonda 11, Buckeye) 
served by water 
distrlct1 uch 
PIJllP1ng: 500 to 
8,000 acre-ft/yr of 
grouncMter f~ a 
few we111 - total 
1nnU1 1 uae ts about 
12.300 l<rt·ft/yr; 
very fe. wells t.n 

the lnmedlete 
vicinity of site. 

Colorado 

Abollt 30,000 acre· 
ft/yr; prt1111ry 
users Include 
BNYer Creek trrl-
gatlon 16,300 
acre·ft/yr, Fort 
Morgan and Brush 
PllllP 4, 700- itere·ft/ 
yr for 11mtctp1l 
and tndustrta 1 
uses, uti ltty pt111p1 

6,000 acre-ft/yr 
for cooling; Hay 
Gulch aquifer pre-
sent ly JKlllP9d at 
800 ecre-ft/yro 
1 Hght loCa t over· 
dreft po1slble: 
ltwilted to l!Dderate 
nllllber of we 111 In 
tflmdtate vicinity 
of 1tt1. 

Table 4-4 (Cont) 

COMPARISON OF WATER USE CHARACTERISTICS 
OF SITE ALTERNATIVES 

Illinois Hlcltigan North Carolina 

Total UH '" the About 52, 000 acre~ About l ,450 acre-
Ka:ne-OuPa91 Covnty ft/yr In SSC proj· ft/yr, prlNrlly 
area ts about ect aru; 90I of far rural-dclnnttc 
148,000 acre-ft/yr, use ts for publtc and t'rrtgatton use: 
ccmbtned shallow and supply, 6X for tndustrla 1/ 
deep aquifer 1ystS11s Irrigation, re111tn- cC11111erct1 l use ts 
uch Pf'O'¥ tded about de• (41) f°' lncll1- •tt10r, no re:ordld 
helf of the total: tr ta 1 end power 1U1tctpal use; 
1pp'l'Ox"hmte dts- generation; lddt- -go -11 ond 
trtbutt'on 481 rest- ttonal unquanttfted unlikely to exceed 
denttal, 211 eom- rural-dcnnt le, and recharge; llDderate 
llltl'Ct11, iis Industrial use 11 to l«rge nuntier of 
tndultrtal, ZOX 11'111111 In """"'"Ison wells tn 1tte 

othet": deep bed""* to ""niclp1l use; vicinity. 
aquifer regionally loca 1 overdraft of 
overdrefted, sha 1 low groundlll'ater near 

bedrodt •qutfer lensing and Jackson 
loce 11y overdrefted; ~Ing eenters; 
project 111mtctpal llOderate nl.llhr of 
use to decrease 11 wells tn site 
Like vicinity. 

Tennessee 

About 8,000 acre-
ft/yr prl•rt ly for 
rura 1 dcmnt tc/ 
stock use and 
ILlnlclpal 1upply; 
trrtgat ton and 
1-t•l•l/ 
cc.erctal t1 
•tnor; ~not 
1 tke ly to exceed 
l'OCherge: lol'gO 
nllllber of • 111 
In tlte vtctntty. 

Texas 

Total use tn £111• 
taunt)' ,. about a.100 
acre-ft/yr (67X frmi 
Trinity Group, 33X fran 
Woodbine); u1e1 Include 

elude 661111Urtlctpal, 
3ZX aanufeeturtn9. 
ZS •tntng and ltvestock; 
P1111Plng his ht1tortc111y 
exceeded rech.rge to 
deep 11ndstone equtfers 

and these are reg tone lly 
OVllrdrafted: use 
projected to die 1 tne 

after 1990 •• 111.1ntct-
pa 1 tt tes switch to sur-
face weter; 1 l•tted to 
axNrtt• llUlllber ¢ 
we111 tn 1lte 
vicinity. 
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Water Use Trends• 
(Annua 1 Change} 

Arizona 

Increase tn ground
water (<UC) use 

Colorado 

Increase 1n surface 
water (<11) and 
grounddter 
(HX) UH 

Table •-4 (Cont) 

COM,ARIS°" OF ~AT~~ USE ~HA~TERl$TICI 
OF SITE ALTERNATJV~S 

11 H11QI s Michigan "orth C1ro11nt · Ten11essee 

Mtchtga" us, 
inc"ll•es; wtdl
sprvd use: l•r8' 
nuintwr of "'1111 In 
1tta 'll;h1tt1· 

lnc"Jt•• t~ 1urface 
water 1nd QJ'OlPld

watttr u", ·Tot1 l 
water uw shQu 14 
tncrt11t Ml!· 

fni;re••• In 1urft1tt: 
watv (<IX) Ind 
,...,,c1w1ter ( h31f 
fM, 

lni;ru•• '" tlfflftce 
""ter (IX) 1M 
9 .......... t ... 1111 ..... 

Inc,.... tp ourf ... 
.. 1 .. (l~J and • 

.......... ll~l -. 

Texa1 

lncreau tn 114rf14;1 
Wlter ( Sl) Ull; 
dlcretse Or stab lt 
groundwater u .. , 

•eadcf on populat-lon growth trends and projec:ttons by Federal and Sqtf: t.1eacde1 (11)1 APPlftdhc 7} 
Sources: !r.!!2!!!' Brooks 19B8a; Hollett and Marte 1997. t!>Jmllo, (nglneering 'rof1sslonal1, Inc, 11111; Htlff1eld 1911111 1111114!• em.oult1nu, Inc. 1996; Mc:Clary llBt; 

Norton, Unde- aod l...,, Inc. 1988; S•san 1998. I!lliiii' 11ltnt1• l\at1 litter Survey 19881 ~tPk 1187; VtlO'll\y fll1ll lcl'M1'1ot~•or \"', ~' 81rth>Hc •\ ,1, 
1982; Bedell 1982; ltuff .. n 198S; Ven Ttll •nd Scott 1986. !!ort~ ctgl~ C.rp1tna ,_,. •nd P9tit c-nf 1977; ....... IP7B1 Mi~~ ~r.H111 lliP11'\111ont of Natural ._ .. e 
and C-.Otty DevelopMnt 19B8a and 198Bb. !tnn11see: Tenn•"'!t Vi~ t ~f lflalt~ and En•tr-nl 1918, !l!ul T..,• llltv -1-t lloa"" 1976 and 1988 • 
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respectively. The uses in North Carolina and Tennessee are municipal, 
irrigation and other agricultural, industrial, and cooling water. In 
the Michigan site vicinity, 97 percent of the surface water use is for 
power plant cooling. 

' 4.2.3.2 Groundwater Use 

Groundwater is developed. in the. vicinity of all of the sites. It is 
most extensively developed around the Arizona, Colorado, Illinois, and 
Michigan sites where groundwater use ranges from about 30,000 to 
approximately 56,000 acre-ft/yr. Groundwater use at the Tennessee and 
Texas sites is approximately 8,000 to 9,000 acre-ft/yr, and at the North 
Carolina site, it is approximately l,450 acre-ft/yr. Irrigation use is 
dominant in Arizona and Colorado. Municipal supply use is dominant in 
Illinois, Michigan, and Texas, and is notable in Tennessee. Rural 
domestic/stock use, while not volumetrically large, is a significant use 
in Colorado, Illinois, Michigan, North Carolina, Tennessee, and Texas. 

Present groundwater use locally exceeds recharge to the most heavily 
developed aquifers at or near the Arizona, Colorado, Illinois, Michigan, 
and Texas sites. Overdraft is not large or areally extensive at the 
Arizona, Colorado, or Michigan sites. Little, if any, regional or 
localized groundwater overdraft is apparent at the North Carolina or 
Tennessee sites. 

Groundwater use is not projected to incre.ase significantly at any of the 
sites except in Illinois. Future increased reliance on surface water · 
sources, including transfer of some municipal water supply systems from 
groundwater to surface water sources near the Illinois and Texas sites, 
would reduce projected increases in regional groundwater overdrafts. 
Although no detailed projections are available, only a slow growth in 
local groundwater use is likely in Arizona, Colorado, Michigan, North 
Carolina, and Tennessee. 
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4.3 CLIMATE AHD METEOROLOGY 

The climates at the site alternatives are compared below in qualitative 
tenns for temperature, precipitation, wind, humidity, and severe weather. 
Qualitative and quantitative discussions of the sites' climates are pre
sented in Appendix 5. Table 4-5 delineates climatic data for the seven 
site alternatives. 

4.3.1 Te.'ilperature 

Temperatures at the site alternatives can be characterized both in terms 
of diurnal variation (average difference between daily high and low tem
peratures) and annual averages. Temperatures at the Arizona and Colo
rado sites have the largest diurnal variation, averaging betweeQ 25 and 
30 degrees F. The Texas slte has the aext highest average diunLil 
variation, beiween 2& and 25 degrees F. The Illinois, Michigan, North 
Carolina, and Tennessee sites have diurnal variations ranging between 10 
and 20 degrees F. 

Average annual temperatures are warmest at the Arizona site, follol!IE!d in 
descending order by the Texas, North Carol'<ina, Ten!H!ssee, Colorado, 
Illinois. and fttchigaR sites. 

4.3.2 Precipitation 

Precipitation at the site alternatives is best characterized by type, 
amount, and annual distribution. The Arizona site receives all of its 
annual precipitation as rain. The. North Carolina, Texas, and Teflflessee 
sites typically receive most precipitation as rain with little, or none, 
as snow. The Colorado, Illinois, and Michigan sites normally receive 
annual precipitation as a combination .of rain and snow. 

The amourrt of annual precivftation. at each of the sites varies greatly. 
Artzona typically receives the least precipitation. In· ascending order, 
the Colorado, Texas, Illinois, Michigan, and North Carol Ina sites 
receive greater rainfall. The Tennessee site receives the greatest 
average annual precipitation. 

The annual distribution of rainfall also varies greatly by site. The 
Arizona stte has a distinctly bimodal distribution, with winter and 
summer peaks in the monthly precipitation averages. The Colorado, 
Illinois, and Kichigan sites generally receive the majority of the 
annual precipitation during the summer growing season. The Texas site 
receives a>st of its precipitation during winter and spring. At the 
Tennesse1! and North Carolina s1tes, pret.ipita.tion is generallJ well
dtstributed on an annual basis. 

4.3.3 lflnds 

Average annual wtncts at the site alternatives range froni 111edi1111 to 
light. Ttle Texas sfte has the higllest annual average wind speed, fol
lowed in decreasing order by the Colorado, Jllfnois, Michfgan, North 
Carolina, Tennessee, and Arizona sites. 
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Table 4-5 
.... COMPARISON OF CLIMATE DATA FOR SITE ALTERNATIVES ('") 
::r:: .,, .... 
>< .., .., .,, 

Arizona Colorado Illinois Michigan North Carolina Tennessee Texas (lO 
(lO .., 
(lO 

Highest monthly high 101 90 85 86 90 91 95 
temp (OF) 

Month of highest Aug Jul Jul Jul Jun, Aug Jul Jul, Aug 
temp 

Lowest monthly 64 40 32 33 55 31 57 
1 ow temp (OF) 

Month of lowest Dec Jan Jan Jan Jan, Dec Jan Jan, Dec 
temp (OF) 

Record high 123 105 105 105 105 107 112 
temp (OF) 

Record low 22 -30 -23 -24 -2 -15 -8 
temp (OF) 

,..., 
> ..... Peak monthly heating 474 1,132 1,200 1,181 691 778 625 V> .... 

< degree days ;: 
0 n 
~ ... 
c: Total heating degree 1,765 6,283 6,500 6,232 3, 191 3,578 2,500 "' 3 Q. 

"' days per year ,,, 
..... "' < 
('") Total cooling degree 3,000 700 1,050 650 1,500 1,800 2,500 .... 
~ ~ 

"' days per year 0 
"'O "' ... SI 

"' "' ~ Mean annual 10.33 15.62 33.57 30.68 46.12 50.60 32.21 "' ... .... precipitation (in) .... 
• N .... 



...... 
M 
:::c 
-0 ... 
t:l 
"" Cl'I 

~ 
IO 

""' .... 
V> 

< 
0 
~ 

c 
i6 -n 
"'" "' .., 
.+ 
'11 
"'I ... 

Table 4-5 (Cont) 

COMPARISON OF CLIMATE DATA FOR SITE ALTERNATIVES 

Arizona Colorado Illinois Michigan North Carolina Tennessee 

Hean annual o.o 36.0 36.0 36.0 4.0 7.0 
snowfall 
(inches as snowfall) 

Annual average wind 
speed (mi/h)/direction* 

5/W 11/SW 10/NNE 10/NE 8/NE 8/N 

Hean.annual relative 40 60 73 73 70 70 
humidity (%) 

Mean annual dewpoint (Of) 41 31 40 39 49 49 

Tornado point return 4,750 960 770 1,400 2,300 2,300 
period, yr 

Fastest wind speed, 77 88 82 87 90 85 
100-yr return period, 

mph 

Thunderstorms, yearly 27 50 57 46 62 77 
frequency 

• Direction toward which toe wind I• bl<><ing 
Sources: Baldwin 1974; Changery 1981; Herschfleld 1961; Lewis 1988; Than 1963, 1968; U.S. Department of Comnerce 1968. 
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4.3.4 Humidity 

Average annual relative humidity at the site alternatives varies from 75 
to 40 percent. The Illinois and Michigan sites have the highest average 
annual relative humidity, followed 1n descending order by the North 
Carolina, Tennessee, Texas, Colorado, and Arizona sites. 

4.3.5 Severe Weather 

Severe weather, which includes extreme winds, thunderstorms, and tor
nadoes, is experienced in varying amounts at each of the site alterna
tive~. The North Carolina site has the highest expected 100-yr return 
period wind speed, followed by the Colorado, Michigan, Tennessee, 
Illinois, Arizona, and Texas sites. The Tennessee site has the highest 
annual frequency of thunderstorms, followed by the North Carolina, Illi
nois, Texas, Colorado, Michigan, and Arizona sites. The site with ~he 
highest frequency of tornadoes is Texas, followed in descending order by 
the Illinois, Colorado, Michigan, North Carolina, Tennessee, and Arizona 
sites. 

4.4 AIR QUALITY 

The following discussion compares conditions which affect air pollutant 
dispersion, background air quality, and emissions inventories for the 
site alternatives. Detailed discussions of the background data on a 
site-specific basis are presented in Appendix 5. 

4.4.1 Conditions Affecting Air Quality 

The primary conditions that affect the ability of the atmosphere to 
dissipate air pollutants include the height of the mixing layer in the 
atmosphere, average wind speed within the mixing layer, and amount of 
incoming. solar radiation. The mixing layer in the atmosphere is the 
region in which relatively vigorous vertical mixing occurs. An increase 
in the volume of the mixing layer results in greater dispersion of air 
pollutants. ·An increase in the average wind speed also produces greater 
air pollutant dispersion, as does a greater amount of incoming solar 
radiation. 

Through evaluation of the above dissipation factors, the number of days 
per year of high air pollution potential can be determined. Holzworth's 
nuiut:er (Holzworth 1972) is a fynction of the height of the mixing layer 
and the average wind speed within the mixing layer. This number reflects 
only the meteorological potential for high ambient concentrations of air 
pollutants. In the absence of air pollution sources, high air pollutant 
concentrations would not be realized (see Section 4.4.3 for potential 
sources). The potential for an area to have high levels of air pollution 
is a function of the height of the mixing layer and the average wind 
speed within the mixing layers. 
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Based upon Holzworth's analysis (AP-101, 1972), a rough indicator of the 
potential number of days jn 5 years that could have high air pollution 
potential is: 

Arizona - 10-20 
Colorado - <10 
Illinois - <10 
Michigan - <10 
North Carolina - 10-20 
Tennessee - 20-30 
Texas - O 

This data should be viewed with caution since only mixing height and 
wind speed data were considered in deriving the above estimates. 
Several meso- and synoptic scale meteorological variables (i.e., 
meso-scale corrective precipitation systems, low-level nocturnal jets, 
wind persistence, and atmospheric turbulence) influence the potential 
for episodic air pollution conditions. 

4.4.2 Ambient Air Quality 

Background ambient air quality at each site is compared with the primary 
National Ambient Air Quality Standards (40 CFR 50) or State Ambient Air 
Quality Standards (AAQS) in Table 4-6. The monitoring data in Table 4-6 
were compiled from a variety of sources. Because of the lack of back
ground data, no PM10 (particulates having an equivalent aerodynamic 

, diameter less than 10 microns) values are shown. 

Under the Clean Air Act, regions which fail to comply with the AAQS 
primary standards for specific pollutants are designated as nonattain
ment areas for that pollutant. Once an area is so designated, it must 
demonstrate air quality better than the AAQS for a number of calendar 
quarters before it can be redesignated as attainment. Current SSC 
possible host regions (meaning county(s) with the SSC facility or some 
portion actually inside their boundaries) that have previously been 
designated as nonattainment are as follows: 

Illinois 
Michigan 
Tennessee 

- Ozone 
- Ozone 
• Ozone 

On June 6, 1988, the U.S. Environmental Protection Agency (EPA} pub
lished a notice of proposed rulemaking in the federal Register (53 FR 
20722) soliciting comments on possible interpretations· of the Mitchell· 
Conte Amendment passed by Congress on December 22, 1987. This amendment 
proposed the designation of carbon monoxide and ozone nonattainment 
areas under the Clean Air Act. Numerous potential SSC host counties or 
portions of them were included on the EPA's list of areas ~nd may be so 
designated in the near future. The effect of this proposed rulemaking 
on the SSC is discussed in Section 5.1.3.2. 
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Table 4-6 

COMPARISON OF AMBIENT AIR QUALITY DATA 
FOR SITE ALTERNATIVES 

Pollutant AAQsa Arlzonal 
..Joncentratlf (p/m3) 

Colar llllnals Hlchlgan4 Nort.h Caro 1fna5 Tennessee& Texas7 

To!9l ~U§IZl!lsi!d 
~1r:tt!i1i1l1t1 
- 24-h average 260 91 160 130 107 81 90 55 
- Annual geometric 

mean 75 70 58 46 45 47 44 32 

~Y ]fur g tspd sf! 
- 24-h average 365 33 21 168 99 90 111 SD 
- Annua 1 wean 80 2 3 8 15 15 32 8 

Nitrgg~a gj2xidl 
- Annual .an lDO 15 4 26 34 28 49 28 

Carbon H2!!oxlt:teb 
- 1-h average 40,DOD 13,752 2,292 8,300 23,7oo8 

10,4008 
26.ooo& 
15,0008 

17,oooB 
l2,DOo8 

11, llD 
- 8-h average 10,00D 6,876 1,146 5,400 8,360 

~ 
2539 zg59 - 1-h average 235 154 183 218 228 206 

Lead 
- calendar quarter 

overage 1.5 0.3 0.4 0.08 D.06 D.4 D.2 0.7 

a. lmblent Air Quality Standards (Prltnary). All seven states also have secondary AAQS far TSP of 150 µg/~ 
24-h average and 60 1J9/rr!J annual geometric mean. 

b. Monitoring data In Table 4-6 indicate t~.at not all of these areas are currently above the NAAQS. 
1. Paints of Heasur.,..nt: TSP - 24 h, TSP - Annual Geometric Means: SOz - 3 h, SOz - 24 h. SOz - Annual, 

ND2 - Annual, CO - 1 h, CO - 8 h, 03 -1 h, Sierra Estrella S.ilport, 1978. · 
Pb - Calendar Quarter Average, Tucson, 1986. 

2. Paints of lleasuranent: TSP - 24 h, , S02 - 3 h, SO, - 24 h, SDi! - Annual, NDi! - Annual, CO - 1 h, 
CD - 8 h, Ga - 1 h, Pa"""" Generating Station, 1~ Pb - Calendar Quarter Average, Denver (CAMP), 
1986. TSP - Annual 6eametrlc Hean, Brush, 1985 

3. Paints of lleasuranent: TSP - 24 h, TSP - Annual Geometric Hean, West Chicago, 1986. SOz - 3 h, 
502 - 24 h, 502 - Annual, 03 - 1 h, Pb - Calendar Quarter Average, Elgin, 1986. N02 - Annual, lanont, 
1986. CO - 1 ~. CO - 8 h, Cicero, 1986. 

4. Points of lleosuranent: TSP - 24 h, TSP - Annual Geometric Mean, Lansing (Holy Cross ~chool), 1986. 
SOz. - 3 h, 502 - 24 h, SOz - Annual, Lansing (Eastern High School), 1986. NOz - Annual, Detroit 
(Osborn High School), 1986. CO - 1 h, Detroit (Stapel Park), 1986. CO - 8 h, Detroit (West Union}, 
1986. 03 - I h, Pb - Calendar Quarter Average, Lansing, 1986. 

5. Points of lleasuranent: TSP - 24 h, TSP - Annual Geometric Mean, CO - 1 h. CO - 8 h, Durham, 1985. 
SOz - 3 h, SOz ~ 24 h, S02 - Annual, Pb - Calendar Quarter, Greensboro, 198S. NDz - Annual, 
Vinston-S.lem, 1985. 03 - 1 h, Wake Forest, 1985. 

6. Points of lleasur""""t: TSP - 24 h, TSP - Annual Geometric Mean, Murfreesboro, 1986. SD2 - 3 h, 
S02 - 24 h, SOz - Annual, Nashville, 1986. ND2 - Annual, Memphis, 1986. CO - I h, Nashville (9th and 
Broadway), 1986. CO - 8 h, Nashville (North 7th), 1986. 0,. - I h, Nashville (East Health Center). 
1986. Pb - Calendar Quarter, Nashville (Mccann School), 19li6. 

7. Points of Measurement: TSP - 24 h, TSP - Annual Geometric Mean, Palmer, 1986. so2 - 3 h, so2 - 24 h, 
SD2 - Annual, NOz - Annual, For,t.Warth (North-West), 1986. CO - 1 h, CO - 8 h, Fort Worth (Downtown), 
1988. O~ - 1 h, Dallas (North), 1986. Pb - Calendar Quarter, Baton Rouge, Louisiana, 1986. 
(Texas did not report Pb monitoring.) 

8. The only antJient carbon lllOflOxide data ovailable was that associated with sanpllng In downtown Detroit, 
Dur'-, and Nashville. There ls no reason to believe these numers are representative of conditions at the 
proposed sites. They were used because they were the only quantitative data located and probably represent 
hypothetical worst case scenarios that are overly conservative In nature. It ls not believed that the 
carbon monoxide lfAAQS are or wl ll be exceeded at any of the sites. 

9. These OJ exceedances were measured tn large metropolitan centers and are not representative af the rural SSC sit1 

Sources: Arizona Departnent of tnvira11110ntal Quality 1987: Colorado Deparbnent of Health and Enviro,..,.nt 1987; 
Illinois Environmental Protection Agency 1987; Michigan Depart11Ent of Natural Resources !Sal; Provident Energy 
~any 1987: Louisiana Departl!Ent of Envlrarmental Quality 1987; North Carolina Division of Environ..,ntal 
Management 1986; Tennessee Department of Health and Envirormeht 1987; Texas Air Control Board 1987, U.S. 
Envlronnental Protection Agency 40 CFll SO. 
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4.4.3 Regional Air Pollutant Sources 

The ambient air quality at the site .alternatives is influenced by the 
quantity of po'Jlutant emissions in the regian and by the dispersion 
characterist1cs of the site. Table 4-7 shows the estimated yearly 
emissions of pollutants· from sources in the host counties for e.ach 
praposed site. 

Taltht 4-7 

COMPARISON OF QUANTITIES OF R£610HAL POLLIJfANT EMISSIONS 
FOR SIT£ ALTERNATIVES 

Air pollutant source AZ• crJ> ILC 

Total suspettcled 
particulates (TSP)l 

Z95,291 111,648 33,850 

S"lfur di00<ide (502)1 16,090 32,639 5,152 

Nitrogen dioxide (llOz)l 98,075 52,758 35.610 

carbon mo<IOXide (CO)l 265,005 102, 024 175, 172 

Vo latl le o"rvan lcs (VOC J 1 102,522 25,729 64,250 

I. Ton/"yr 
a. Maricopa County 
b. Adams, Morgan, a'1d l/ashlngtOft Countl<!s 
c. OuP.gio, KaRe. and Kenda 11 CoUflt les 
d. Ingham and JacksOA Counties 
e. Durham. Granville, and Person Counties 
f, Bedford, Marshall, IM:!ierford, and Vlllt"""'on CO•Totles 
g. Ellis County 

~id 

34,873 

14,969 

22,729 

116, 742 

31,~25 

Source: U.S. Envlro1111ental Protection Agency 1938a, 1988b. 

Nee ™' 
25,893 ~.010 

114,390 3,855 

81 ,.9S4 10.950 

SS,430 49,812 

?.D,283 25,571 

TX9 

22,847 

15,302 

25,83-0 

Z4,780 

5,807 
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4.5 NOISE AND VIBRATION 

This section compares background sound levels, sensitive noise recep
tors, and ambient human-induced vibration conditions for the site 
alternatives. Detailed site-specific discussions on these topics are 
presented in Appendix 5. 

4.5.1 Noise 

Noise is most commonly measured and reported in units of dBA (decibels
A-weighted scale, that which is audible to the human ear), which approxi
mates the frequency-dependent response of the human ear to sound. The 
specific, all-purpose meast:re recommended for use is the day/night sound 
level, A-weighted (Ldn). Ldn accounts for the increased sensitivity of 
human receptors to noise during sleeping hours, which are usually at 
night. The average sound level (A-weighted), Leq. is also a recognized 
all-purpose measure. Leq makes no special allowance for nighttime sound 
levels (U.S. Environmental Protection Agency 1982). 

The noise environment at each of the site alternatives is characterized 
by ambient noise level and by major factors that influence that ambient 
noise level. These major factors, in the absence of large or unusual 
noise sources, are related to land use. Rural or unindustrialized land 
use generally has the lowest average background level; highly developed 
areas have the highest average- background levels. Based on land use, 
the average day/night sound level (Ldn) at the Arizona, Colorado, North 
Carolina, Tennessee, and Texas sites is approximately 40 dBA (U.S. EPA 
1982). The average day/night sound level at the Illinois and Michigan 
sites is approximately 50 dBA (U.S. Environmental Protection Agency 1982). 

The noise environment can also be characterized by facilities, animals, 
or humans present to receive any i~creases in the ambient noise level. 
These sensitive receptors, which include residences, churches, parks, 
and other noise-sensitive land uses, are present in varying quantities 
at each of the site alternatives. In terms of the number of humans 
close to project facilities, the Illinois site has the most, followed by 
North Carolina, Michigan, Tennessee, Texas, Colorado, and Arizona. 
Noise-sensitive wildlife are addressed under Section 4.7, Ecological 
Resources. 

4.5.2 Vibration 

Major influences on ground motion, especially in the lower frequency 
ranges to which the SSC is sensitive, include local and distant seismic 
activity, local railroad and freeway traffic, local blasting, and local 
drilling activities. 

Roads cross the plane of the collider ring at each of the site alter
natives. Railroads cross the plane of the collider ring at the Arizona, 
Illinois, Michigan, North Carolina, Tennessee, and Texas sites. Blast
ing and drilling occur within 5 mi of the vicinity of the Illinois, 
Michigan, North Carolina, Tennessee, and.. Texas sites. 
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4.6 EHVIROHlllEHTAl HAZARDS AftD WASTE 

This section describes the existing background radiation at all S1!Vtln 
sites in terms of both natural and 111an-111ade components. Add;tionally, 
nonradioactive environmental hazards are s-t111111arized for the seven sites. 
A description of the availability of nont!,azardous waste management 
facilities is presented. Detailed descriptions of these existing cond;
tlcins can be found in Appendix 5. 

4.6.l Environmental Radiation 

There are three existing sources of individual exposure to radiation: 
naturally occurring background sources, industrial and agricultural 
sources introduced by man, and radiation used in medical diagnosis and 
treatment. 

The main source of naturally occurring background radiation is raoon. 
Radon is a radioactive gas that eHlves fl"Olll uraniu11, thorium, and 
radium--elements that are present in ~inute amounts throughout much of 
the earth's surface. Uranium, thoriu111, and radium are also present to a 
greater or lesser extent in rocks and rocky materials both on and below 
the earth's surface. As a result, stone and brick building materials 
are also a source of natural background radiation. These and other 
sources of radioactivity produce a secondary effect which is not negli
gible. This effect is that all human sources of food, drink, and even 
air have been inevitably exposed to the natural background and contain 
very low levels of radi<1activity. When they are tnhaled or ingested by. 
humans, sol1H! of the radioactivity remains tn the body, and the human 
body itself becomes a source of radioactivity. Also contributing to 
this are tbe minute fractions of radioactive isotopes naturally 
occurring in wme of the e 1 ements the human body requires, such as 
potassium and phospflorus. 

The magnitude of this effect ·can be expt""essed with the unit used to 
measure the biological dose of radiation in humans for any type of 
radiatior.i--the rem. It is convenient to use a smaller derivation of the 
rem, the 111fl 11re111 (mrem), which is 1/lOOOth rem. The average annua 1 
radiation dose to an individual from external radiathm (terrestrial and 
cosmic rays) and internal radiation is about 100 mrem; the dose from 
radon may be as much as 200 mrem. 

Industrial and agricultural sources of radioactivity contribute appr<1xi
mately 5 to 13 mrem/yr to the total annual dosage to an individual. 
These sources include nuclear power plant discharges, the burning of 
coal (there are usually minute amol.lflts <1f naturally occurring uranium in 
coal), and the use of potassi u111-c-0ntainfog fert i1 i zers in agriculture 
which contain small amounts of uranium and thorium and their daughters 
which over time can build up. The use of fertilized lands for 
residential development housing has a potential impact on possible 
radiation.exposures. 
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Finally, the largest contributor of man-made radiation dose is medical 
x-rays which can contribute substantially to the annual dosage to an 
individual. Through the use of Federally-mandated manufacturing and use 
sta!ldards enforced by state radiation control agencies, the dose has 
been significantly reduced but not totally minimized. The national 
average annual dose for an individual is approximately 39 mrem from 
medical x-rays and 14 mrem from nuclear medicine procedures. 

The total average background dose to an individual is approximately 
360 mrem/yr. 

4.6.I.l Natural Radioactivity 

A. Cosmic Rays 

Cosmic rays enter the earth's atmosphere from space. They are 
attenuated greatly by the earth's atmosphere, so the actual exposure 
rate to an individual depends upon altitude. All of the proposed s11e.s, 
except Colorado, are at roughly the same altitude, so cosmic ray 
background at those sites is approximately the same. The Colorado 
site's cosmic ray background is about 20 percent higher than the other 
sites. · 

B. Radon 

Radon is a gaseous radionuclide produced by radioactive decay of radium, 
which in turn is produced as a result of radioactive decay of uranium 
and thorium. Although certain geologic conditions are more likely to 
include uranium and thorium than others, the presence of trace amounts 
of these elements at any specific location is not predictable in general 
geologic terms. In fact, a very local concentration of radon may exist 
in an area where it is otherwise rare, or conversely, a local absence of 
radon may ot<"ur in an at·ea of considerable concentration. It follows 
that measurements of high levels of radon in one spot or locality do not 
necessarily indicate a general presence of radon in a wider associated 
area. Measurements of radon in living areas and basements have been 
made throughout the United States and, particularly, in many counties 
within the proposed sites. These measurements are given in Tables 4-8 
and 4-9. The differences in levels among the various counties and the 
various states are probably not significant. 

C. Soil/RoQs 

Radionuclide concentrations. in the soil and at tunnel depth at the 
proposed sites are presented in Tables 4-10 and 4-11. The number of 
samples from each of the sites was small; consequently,, differences 
among sites are probably not significant. 
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Radoo Leveli*** 

Geometric 
Mean pCi/l* 

Counties 
State 

Average pCi/1* 
Counties 
State 

P1rc1ntag~ of H~s 

<4 pCi/l 
Counties 
State 

4-20 pCi/l 
Counties 
State 

>20 pCi/l 
Counties 
State 

Table 4-8 

COMPARISON OF CURRENT RADON LEVELS IN LlVlHG SPACE 
OF HOMES IN THE REGIONS OF THE SITE ALTERNATIVES 

PROPOSED SSC REGION OF INFLUENCE COUNTIES/STATE 
U.S. AZ co IL MI NC 

1.8 l.8 2.7 NC NC 1.2 
2.0 3.3 1.5 1.3 2.0 

4.0 2.5 3.2 2.9 1.8 l.6 
3.2 5.4 2.3 2.4 3.3 

80 94 61 82 94 100 
83 60 87 89 78 

18 4 29 18 6 0 
15 37 13 11 20 

2. 2 0 0 0 0 
2 3 0 0 2 

* Rounded to nearest tenth 
** Not Ava 1lab le 
***Weighted averages for living plus living/basement spaces 
NC - Not Calculated 

TN TX 

NC .. 
2.6 l.6 

2.8 ** 
3.1 5.5 

82 •• 
80 85 

18 ** 
18 14 

0 ** 
2 1 

Sources: Cohen 1988; Gilkeson et al. 1988; Tennessee Department of Health and Environrent Oivisi"" of Radiological 
Health 1987; U.S. Environnental Protection Agency 1987. 
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Table 4-9 

COMPARISON OF CURRENT RADON LEVELS IN BASEMENTS OF HOMES 
IN THE REGIONS OF THE SITE ALTERNATIVES 

PROPOSEO SSC COUMTIES/STATE 
PeBAM~T3 U.S. Al. co IL HI NC 

Radon levels*** 

Geometric 
Hean pCl/1* 
Countte1 3.4 .. 5.1 NC NC 2.6 
State 6.4 6.1 2.5 1.9 2.8 

Average pC1(1* 
Counties 7 .9 •• 5.2 4.1 3.7 2.9 
State 6.8 9.4 3.8 3.Z 3.9 

Eerc1"tage ~f Hane§ 

<4 pC1/1 
Count~e• 59 •• 14 61 66 100 
State 0 30 71 83 68 

4-20 pC1/1 
Co1mtles 34 •• 86 38 34 0 
State 100 63 28 16 32 

>20 ptl/1 
Count 111 7 •• 0 1 0 0 
State 0 7 1 l 0 

* Rounded to nearest tenth 
** Not Available 
*** Wei9hted averages for ba,enent spaces 
NC - Not Calculated 

TN TX 

NC .. 
3.7 3.5 

6.4 •• 
6.3 5.8 

ZS .. 
55 38 

75 .. 
40 62 

0 .. 
5 0 

Sources: Cohen 1988; G!lkeson et al. 1988; Tennessee ll<!Ptrtll!ent of Health and EnviroM111nt, D1v1slon of Radiological 
Hulth 1987 
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Table 4-10 

COMPARISON OF BACKGROUND CONCENTRATIONS OF RADIONUCLIOES 
IN SURFACE SOILS IN THE REGiONS OF THE SITE ALTEPJ!ATiVES 

PROPOSED SITE 
Rad ionu' lide U.S. AZ co .. Ml NC •• 

(pCi/g)* 

Radiun-226 (Avg) (1.1) (l.3) (l.3) (LO) (0.5) (0.8) 
Range 0.2-4.4 <0.3-2.0 0.8-l.8 0.7-l.2 0.3-l.2 0.5-l.2 

Uranilll!-238 (Avg) (1.0) <LLD (1.1) (0.9) (2) (0.2) 
Range 0.1-3.8 0.8-1.7 0:3-1.2 0.08-15.0 <0.0-0.4 

Thorilll!-232 (Avg) (I.OJ (1.3) (l. 2) (1.0) (0.1) (0.7) 
Range O.lD-3.4 l.l-1.6 0.9-1.6 0.3-1.2 0.0-0.3 0.6-0.8 

Avg - Average Value 
LLD - Lower limit of detectability 
• Rounded to nearest tenth 

TN TX 

(l.1) (0.8) 
(0.7-1.4) 0.4-1.l 

(1.0) (0.8) 
0.7-1.3 0.5-1.5 

(1.0) (0.9) 
0.7-1.5 <0.0-1.5 

Sources: Borak !987; Gilkeson et al. 1988; Jobst 198!; McKlveen 1985, 1987; Myrick 1981; North Carolina Department of 
Human Resources, Radiation Protection Section 1988b; Te1edl"'a 1988; Texas Department of Health 1988; X-Ray Assay 
Laboratory 1988. . > .... 
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Table 4·11 

COMPARISON OF BACKGROUND CONCENTRATIONS OF RADIONUCLIDES 
IN ROCK AT TUNNEL DEPTH OF THE SITE ALTERNATIVES 

PROPOSEO S !TE 
l!Jidlonuc Hde AI. co IL HI NC TN TX 

(pCi/g)* 

Rad1um-?2& {Avg) (1.3)*" (1.5) (0.3) (0.4) (0.3) (0.4) (0.6) 
Range •0.3-2.0 1.2-1.9 0.1-0.5 0.2-0.6 0.1-0.8 0.4 0.3-1.3 . 

Urant ... -!!8 (Avg) <LLD (0.8) (0.3) (0.2) (0.5) (O.S) (0.6)*** 
Range 0.6-0.9 0.1-0.s 0.0-0.6 0.1-1. 7 0.3 0.3-1.3 

Thorl...,,-232 (Avg) (1.3) (1.3) (0.1) (0.1) (0.4) (0.4) (1.0) 
Range 1.1-1.6 1.1-1.S o.o-o.r 0.3-0.5 0.1-1.2 0.4 <0.1-1.8 

Avg - Average Value 
LLO - Lower limit of detectabtl1ty 
* Rounded to nearest tenth 
•• Values for So11 
*** Calculated 
Sources: Barak 1987; G\lkeson et al. 1988: Jobst 1981: Mcl:lveen 1985, l&87; Myrick 1981: North Carolina Department of 

Human Resources, Radiation Protection Section 1988b; Teledyne 1988; Tennessee l)i!114rtment of Health ond Env1ronmeni 
1987: Tennessee Dlvts1on of lladtological Healt~ 1988: Tens Department 'of Health 1988; X-Ray Assay Laboratory 1988 • 
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D. Water 

Water provides a major mechanism for the transport of radicnuclides in 
the environment as well as pathways for exposure through drinking and 
(to a lesser extent) submersion. Table 4-12 lists the radioactivity in 
surface water at the proposed SSC sites. Tt.e radium content of surface 
waters is low, 0.3 to 1.8 pCi/1 (Hess 1985), compared to most ground
waters. Dissolved radium adsorbs quickly to solids and may r.rigrate far 
from its place of release to groundwater. Radioactivity in groundwater 
at the proposed SSC sites is listed in Table 4-13. Few samples have 
been taken from the sites, and differences in surface and groundwater 
radioactivity measured among the sites are prob'1bly not significant. 

Although some water supplies in northern 111 inois contain higher-than
average radium-226 concentrations, the radon-222 concentrations are not 
necessarily higher than the national average. Also, the higher 1·ad1um-22:6 
concentrations in water do not necessarily imply that radium-226 concen
trations in the sandstone are higher than normal, but may be caused by 
conditions favoring the release of radium. Sandstones with high 
radium-226 concentrations are not expected to be encountered at the 
proposed tunnel depth in Illinois. 

4.6.1.2 M.gp-Made ~adiation 

The National Council on Radiation Protection and Measurements has esti
mated that the annual dose equivalent in the United States population 
from man-made radiation is 5 to 13 mrem/yr. Table 4-14 summarizes the 
sou1'ces of man-made radiation at the proposed sites. In addition to 
those listed, other possible sources of radioactivity are: 

On-site radioactive 
byproducts from 
existing activities 

Building materials 

Nuclear power plant 
exhaust plume within 10 mi 

Spent fuel storage installation 

Federal facilities on site 

None for any of the sites 

Norma 1 and identical for an 
sites 

tlone for any of the sites 

None for any of the sites 

None except· Fermilab in Illinois 

4.6.1.3 Dt>se E\l!!..i.valent Rate from Environmental Background 

Because radon is usually the major contributor to environmental back
ground radiation, and because of the uncertainties in predicting the 
presence of radon on the basis of its existence in local areas, all of 
the sites appear to be approximately equivalent with regard to the 
existence of background environmental radiation. 
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Table 4-12 

COMPARISON OF BACKGROUND CONCENTRATIONS OF RADIONUCLIDES 
IN SURFACE WATERS JN THE REGIONS OF THE SITE ALTERNATIVES 

PROPOSED SITE 
RADIONUCLIDE AI. co IL Ml NC 

(pC1/1)* 

Uranl1111 (Avg) No surface <2.1 ** (2.6) ** 
Range water <2.1 1.6-3.6 

found 

Radlum-226 (Avg) No surface 0.1 ** ( 1.1) •• 
Ran!Jf! water 0.1 <0.7-1.8 

found 

Gross Alpha (Avg) No surface 1 1.3*** •• (0.8) 
Range water I 0-3.4 1.2-1.S 

found 

Gross Beta (Avg) No surface 26 5.3*** •• (0.9) 
Range water 26 3.5-6.2 •0.2-1.S 

found 

Avg - Average Value 
• Rounded to nearest tenth 
•• Not Available 
*** Based on analyses of Fox River water at Elgin In 1976, State of Illinois. 

TH TX 

** ** 

•• (0.4) 
0.3-0.5 

(3) (7 .3) 
1-6 0.2-46 

(!) 10.9 
0-3 3.7-51 

Sources: Borak. 1981: Gllkeson et al. 1988; McKlveen 1985, 1987: North Carolina Department of Hunan Resources 1986. 1987, 
1988b; Teledyne 1988: Tennessee Department of Health and Environment 1987; Texas Department of Health 1988 . 
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Table 4-13 

COMPARISON OF BACKGROUND CONCENTRATIONS OF RADIONUCLIDES 
IN GROUNDWATER IN THE REGIONS OF THE SITE ALTERNATIVES 

RADIONUCLIDE 

Uraniun (Avg) 

Range 

Radiurn-226 {Avg) 

Range 

Gross Alpha (Avg) 
Range 

Gross Seta (Avg) 
Range 

Avg ~ Average value 
LLD - Lower level of detectability 
- Rounded to nearest tenth 
s• ~ot Ava1lable 

Af. 

.. 

( 0 .1) 

0.0-0.2 

(12.99) 
•8.9-17.l 

(7 .2) 

6.2-8.2 

co 

(7 .8) 

2.1-9.9 

(0.5) 

0.3-0.9 

(2.6) 

1.4-5 

(l~) 
2.7-26 

PROPOSED SITE 

IL Ml 

** 
0.2-2.5 

(pCi/1}* 

(l.9) 

<0.2-5.6 

(7.3) (1.0) 
0.5-15.2 <l-1.2 

(l.2) ** 
<•LD-4.6 

(2.8) •• 
<LL0-1&.l 

NC 

( 1.9) 

** 

(3 .1) 

0.3-8.5 

(2.5) 
0.7-4.5 

TN 

•• 

** 

(28} 
<LLD-121 

(9) 

<LL0·39 

TX 

•• 

(C. 5) 

0.4-C.7 

(5) 

<!O 

(5.2) 

3.6-7.l 

Sources: Borak !987; Gilkeson et al, 1988; HcKlveen 1985, 1987; North Carolina Department of Human Resources 1986, 
196Sb; Teledyne 1988; Tennessee Depart.,..,nt of Health and Envir°"""nt 1987; Texas Depari.....nt of Health 1988. 
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Table 4-14 

SOURCES OF MAN-HADE RADIOACTIVITY IN THE REGIONS 
OF THE,SITE ALTERNATIVES 

Proposed Site 
Source co IL Ml NC TN TX 

NRC 1 icenses 21 42 125 700 17 25 86 
for radloact Ive 
rraterial 

Phosphate- Low Low High High Moderate Moderate Moderate 
fertilized fields Usage Usage Usage Usage Usage Usage U.sa9e 

Coal-fired Nune Pawnee Hone None Mayo None Hone 
power plants Elencrat;ng Lake 

Station P·lant 

Uranium-Thorium None None Kerr HcGf!e* None None None Hone 
mining/milling/ 
processing 
operations 

, 
State 445 461 1,216 0 533 669 2, 145 
licensees 

50-mi Palo Verde-I Hone Dresder.-2 None None None None 
enersency Pa lo Verde-2 Dresden,3 
plann·ing zone Pa lo Verde-3 LaSalle County-I 
(fron SSC LaSalle County-2 
ca"'us) Braidwood-I 

BraiU.ood-2 
Zion-I 
Zion-2 
B_yron-1 

Byron-·2 

• Inactive facility 
Sources: Conference of Radiation Control Program Directors 1987: NRC Region Ill 1988, 
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4.6.2 Nonradioactive Environmental Hazards 

4.6.2.1 Hazardous/Toxic Materials 

A su11111ary of the hazardous/toxic materials (HTM's) existing at or near, 
or suspected to be present at or near, the seven sites is presented in 
Table 4-.15. The review of potential environmental hazards at each site 
was based on the assumption that there are basically two ways that 
workers or the public could encounter these hazardous substances: 
I) from soil or groundwater contamination; or 2) upon release from 
storage, distribution, or industrial operations. Potential sources were 
also categorized by location relative to the proposed siting of the SSC 
facilities and in the area beyond the ring to a distance of 1 mi. 
Similarly, industrial sources were investigated withi11 the SSC ring, 
within 1 mi of. the proposed ring, and in the area between 1 and 5 mi of 
the ring. 

None of the sites was found to have known soil or groundwater con
tamination within the area of the proposed SSC facilities. At both the 
Colorado and Michigan sites, small amounts of soil contamination as a 
result of residues from former oil and gas operations may possibly be 
encountered. One such location is within the area of the Michigan site. 
(Grobe 1988) and several other possible locations are former oil wells 
at the Colorado site (McHugh 1988). 

Two of the sites, Michigan (Godbold 1988) and Tennessee (Moore 1988), 
have locations of known soil and groundwater contamination within I mi 
of the SSC ring. The Colorado site has a number of potentially con
taminated locations from former oil well operations within the I-mi 
corridor (McHugh 1988). 

Illinois has existing industrial sources of HTM's within the proposed 
ring. Both the Fermilab and an AT&T facility have potentially releas
able materials on their site (O'Brien 1988). The Arizona site has a 
natural gas pipeline and a proposed crude oil pipeline that cross the 
SSC ring at the same location (beam absorber area only). The proposed 
Texas site has a total of 13 oil and gas pipelines that cross the SSC 
footprint at various locations. 

Industrial sources of HTM's within I mi of the SSC ring were found in 
Illinois (O'Brien 1988), Michigan (Godbold 1988), North Carolina (Crosby 
1988; Butler 1987), and Tennessee (Moore 198B). In addition, industrial 
sources just beyond the 1-mi corridor were found in Illinois (O'Brien 
19B8) and North Carolina (Crosby 1988; Butler 1987). 

A potential hazard exists at the proposed North Carolina site. A por
tion of the SSC ring would pass through the edge of the firing range at 
Camp Butner which could contain unexploded ordnance (North Carolina 
National Guard 1987). 
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Table 4-15 

... POTENTIAL HAZARDOUS/TOXIC MATERIAL SOURCES JN THE IMMEDIATE AREAS OF THE SITE ALTERNATIVES n 
::c 
"'O ->: 
~ 
>< 
"" Category Ar1zcma Colorado Illinois Michigan North Caro 11na Tennessee .Texas 

i .. Soil or water con~ Nona Potsible flmlll None Pol1ibl1 aoil con· None None None 
taminants within residue frcm 011 t .. lliant f rcm 
SSC proposed ring ... 11 llrine p Its fonn1r gas desul-

furltation plant 

Soil or water cllli• Nona Mone Nena Groundwater Nona General None 
. taminants outside bf contaminant Smelting & 

ring· but within I llli frail lllldflll Refining Co. 
Allied (soil & 

groundwater 
contaminants) 

. Industrial sources ExistinjJ natural None Fermllab None None Noni 13 existing 
within SSC ring gU pipeline (~aste storage) oil and gas 

crosrnts beam ab- pipelines 
Sorber area cross the 

footprint 
Proposed crude oil ATU 
pipelinl will croos 
blilm absorber area 

Industrial sources None None Pride Petro lelln Gas procetting A lUMrk corp. Genera 1 None 
outside ring but Co. plant (CONOCO) Smelting l 
within I mi Lear Sieglor, Refining Co. 

Inc. ... ,.., Griffin Wheal -- co . )> 
....... V> .... N Jamel River/ .... ...... < HandH<up "' -....o n 
O>~ Ho $a9 Prod- ..... 
O> r:: ducto corp. "' 3 c.. 

"' Industrial source• PrOposed small oil None Valiey Maid None Eaton Corp. None None ,.,., - ::::J ...., more than I mi be- refinary: 3 mi from lce·Cream Channe 1 Master < 
yond the ring, but ring near Mobile CAMSCO co. ... 

::T .., ... less than 5 mi Prtldute 0 -0 =i .... 3 11) Ordnance None None Nono None Posoible unex· None None co "'I p loded ordnance =i .... from Camp Butner 
..... 

Biologic pathogons Valley Fever Spores None None None 
.... 

None None None ' .... 
N 
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Potentially hazardous geologic materials, such as natural gas and 
petroleum resources, are discussed in Sections 4.1.5 and 4.1.6. 

4.6.2.2 Biological Hazards 

Only the Arizona and Texas sites were found to contain any known biolog
ical hazards that cou1d potentially affect the SSC project. Flora were 
not included in the definition of a biological hazard. 

A potential hazard exists in Arizona that is unique among the sites. 
The proposed SSC site is located in an area that is known to be a source 
of the fungal spore Coccidioides immitis. This pathogen thrives in 
undisturbed arid soil and through airborne transport can cause a disease 
in humans known as Valley Fever (Coccidioidomycosjs). The spores can be 
transmitted over long distances by high winds (U.S. Environmental 
Protection Agency 1983a). The Rainbow Valley (located just north of the 
SSC site) has been characterized as a source of the spore, as well as 
the area west of Mobile (Leathers 1982). 

The effects of this disease most commonly resemble a bad cold, but can 
sometimes (in about one-third of the cases) lead to a more serious, 
debilitating illness. It has been estimated that two-thirds of all 
adults who have lived in Valley Fever endemic areas have acquired 
immunity.to the disease after having been initially infected, usually 
manifesting no symptoms (U.S. Environmental Protection Agency 1983a). 

The proposed Texas site is located within the area of the southeastern 
United States that is infested with the imported fire ant, Solenopsis 
sp. (TOA 1986). Residents near the proposed site have reported heavy 
infestations on their property and indicate that the ants have caused 
numerous problems with the operation of home and farm equipment. Fire 
ants appear to be attracted to electrical equipment and can cause shorts 
by chewing through insulation ~nd by crowding into spaces around elec
trical contacts. They are also attracted to moisture (TOA 1986). 

In addition, fire ants can pose a potential health risk since their bite 
is painful and can sometimes lead to other, more serious reactions in 
human victims. For most people, .a fire ant sting would result in the 
formation of a pustule, accompanied by pain and itching that lasts about 
a week. If the pustule is broken, infection is possible and would 
require medical attention. For a few people who are particularly 
sensitive to the fire ant venom, a sting can result in anaphylactic 
shock which would require immediate medical attention. 

4.6.3 Solid and Industrial Waste Management 

A. Existing Sewage Treatment Plants 

There are no sewage treatment plants in the area of the proposed Arizona 
site. Domestic wastes from ranches near the site are disposed of at 
their point of origin .. 
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There are fOUf' existing sewage treatment plants in Colorado within 25 mi 
of the SSC site. The closest plants are located at BnJsh and Fort Morgan, 
about ZO mi away. The cumulative excess capacity of the Brush and Fort 
Morgan sewage treatment plants is about 2.1 million gal/d. Sewer ser
vice in the rural areas of Horgan County is provided by septic tanks. 

There are 14 existing sewage treatment plants within about 21> mi of the 
Illinois campus site. The remaining CU!IU1at1ve excess capacity of these 
14 plants is about 27 million gal/d. The existing Batavia wastewater 
treatment ptant is the closest one to the SSC campus {approximately 3 
mi). This plant has_about l million gal/d excess capacity. 

There are about 20 sewage ireattnent plants within 3D mi of the Michigan 
site. The re111ining cumulative excess c.apacity .of these plants is about 
64 million gal/d. The existing Stockbridge sewage treatment plant is 
the closest to the canrpus (approximately l ml). This plant has about 
0.04 million gal/d excess capacity. · 

There are two existing sewage treatment plants within 5 mi of the North 
Carolina s1te .. The cumulative excess capacity of these plants is about 
1.2 million gal/d. The Butner sewage treatment plant is the closest 
(4 mi) and has an eKcess capacity of about 1 mill ion galjd. 

There are two existing sewage treatt1ent plants within 20 mi of the 
Tennessee site. The cumulative re111aining excess capacity of these 
pl ants is ·about 7 mi 11 ion gal/d. The Murfreesboro sewage treatment 
plant is thi! closest, located about 8.5 mi from the campus, and has 
about 5 million gal/d excess capacity. 

There are abo.ut nine existing sewage treatment plants within 20 mi of 
the Texas sit11. The cl.llllllhtive excess capacity of these plants is about 
1.75 111i1lion gal/d (based on current daily average flowrate). The 
Waxahachie sewage treatment plant is the closest (6 mi). Based on a 
daily average flow rate, the remaining excess capacity of this plant is 
about 0.3 million gal/d. 

B. Exjsting Sanitary landfills 

There are three existing sanitary landfills with remaining excess 
capacity in the area of the proposed Arizona site, but these landfills 
presently do not accept sol Id waste from other communities. The sol id 
waste from the site could go to either of two proposed (southwest and 
northwest) regional landfills. 

In the area of the proposed Colorado site. there are four sanitary 
landfills each with excess capacity of more than 10 years. The Morgan 
County landfill is· the closest, located about 25 mi from the site. This 
landfill has about 25 to 50 years of remaining capacity. · 
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There are four.sanitary landfills in the area of the proposed Illinois 
site with remaining excess capacity of more than 12 years. The Settlers 
Hill landfill (S mi from the site) and Winnetka Municipal landfill {30 mi 
from the site) have remaining capacities of. 12 and 14 years, respectively. 

There are seven sanitary landfills in the area of the proposed Michigan 
site with more than 10 years of remaining capacity. These landfills are 
within about 50 mi of the site. The closest one is the Ann Arbor land
fill (35 mi) which has a remaining capacity of 10 to 15 years •. 

There are four landfills with remaining capacity of about 5 years ir1 the 
area of the proposed North Carolina site. These landfills are located 
about 25 mi from the s1te. 

There are three landfills with more than 5 years of remaining capacity 
in the area of the proposed Tennessee site. The Rutherford County land
fill {BFI) is the closest (13 mi} and has about 17 years of remaining 
capacity. 

There are about 20 landfills in the area of the proposed Texas site with 
more than 10 years of re111C1ining capacity. The closest landfill is the 
Waxahachie landfill which has a remaining capacity of about 15 years and 
is located about 6 mi from the site. 
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4.7 ECOLOGICAL RESOURCES 

Ecological resources are the biological organisms and the processes 
{interactions) among populations and communities occupying the terres
trial, wetlands, and aquatic environments in the vicinity of the site 
alternatives. Species within these natural ecosystems may also have 
social value. These values include: 1) protected status because of 
threatened or endangered listing; 2) commercial harvest, especially · 
livestock and stocked fish; 3) recreationally hunted/fished; or 4) 
culturally important {especially of Native American religious 
significance) •. The only culturally important species considered are 
feral burros in Arizona. 

There are three primary levels within ecosystems which may be impacted 
by the proposed action. These are: 1) populations--the presence, pro
ductivity, and distribution of species which are permanent or seasonal 
residents of the area; 2) communities--the spatial and seasonal patterns 
exhibited among the various associations of species occupying the area; 
and 3) system level dynamics--the total energy captured and the nutri
ents accumulated among the populations and within soils determining 
sensitivity to disturbance and the rate of recovery from disturbance. 

4.7.1 Ecological Resources of the Site Alternatives 

The site alternatives contain many of the lowland ecosystems typical of 
the continental United States. The diversity of the biological commu
nities is high at each site. The sites differ radically in the portion 
of the sites remaining in natural state and in the numbers/types of 
important populations including threatened and endangered {T&E) species. 
The types of habitats present in Areas A and B {Areas A, B, and C for 
Illinois) are shown for each state in Table 4-15A. 

The desert shrub communities at Arizona's proposed site are the most 
pristine of the seven sites, although ecological resources are widely 
used for recreational activities. While cattle grazing and off-road 
vehicle traffic and other recreational activities have had some local
ized influences in the area, many wilderness characteristics are still 
apparent. This is reflected in the Wilderness Study Area designation of 
part of the site vicinity. No wetlands are present at the proposed 
Arizona site. 

Colorado's proposed site is rural but modified from short-grass and 
mixed-grass prairie to croplands and pasture. The site and surrounding 
area are typical of the western-great plains, occupied' by populations of 
prairie wildlife such as pronghorn antelope, raptors, and migratory 
~irds. Some wetlands are scattered throughout the proposed site area. 

The Illinois site has largely been disrupted· by development of resi
dential, agricultural, and industrial facilities. This site is perhaps 
the most ecologically altered of the seven sites. However, biota are 
plentiful and pockets of natural systems (prairie, wetlands, and wood
lots) are found throughout the area. A restored prairie area is main
tained on the Fermilab property. 
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Table 4·15A 

ACRES OF HABITAT WITHIN AREAS A AND B 

A+B AG NS UD Wetlands 
Areas (Included 
Total in NS) 

State 

AZ 2,0.50 0 2,050 0 0 

co 2,050 1,260 790 0 3 

IL 2,6301 1,000 940 690 6202 

MI 2,050 1,860 190 0 163 

NC 2,050 310 1,730 10 38 

TN 2,050 1,510 540 0 35 

TX 2,050 1,880 110 60 2 

1 Portions of the A, B, and C areas within the Femi lab property. 

2 Total area of wetlands on the Fermi lab property minus 280 acreS of cooling canals and other water bodies 
associated with the existing Fennilab facilities. 

/lJ'J =AGRICULTURAL 
NS = NATlRAL. S'!ST£MS lltC!.UDING WCTlAND 
UD = URBAN/DEVELDPED 

Michigan, North Carolina, Tennessee, and Texas are somewhat similar in 
their rural, populated patchworks of farms, forests, and residential 
areas. Michigan has a large number and a wide variety of wetlands in 
the vicinity of the ring. Wetlands in North Carolina are also 
relatively abundant and diverse in nature. Wetlands are not prominent 
features of the Tennessee and Texas project areas. Michigan, North 
Carolina, and Tennessee have forests that provide diverse habitats, . 
especially at the borders between croplands, forests, and wetlands. The 
Tennessee site is in an area of karst topography. There is a large cave 
system in the area that supports unique fauna. 

Texas has limited but similar forest habitats in the northwest portion 
of the proposed site. The majority of the Texas site acreage is devel
oped into croplands and pasture. 
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Table 4-16 summarizes characteristics of the site alternatives. The 
Arizona site lacks appreciable aquatic habitats or wetlands. The 
Colorado and Texas sites have relatively few wetlands and aquatic sys
tems in the proposed ring locations. In contrast, the Illinois and 
Michigan sites contain the greatest number and amounts of wetlands and 
aquatic systems, while intermediate amounts occur at the Tennessee and 
North Carolina sites. 

Natural ecological productivity of the ecosystems generally declines in 
the order from the southeastern Piedmont sites to the western sites. 
The lowest annual productivity is associated with the Sonoran desert 
systems of the Arizona site. Nutrient conservation mechanisms are 
important in all systems. Western ecotypes rely more heavily on 
nitrogen fixation by algae and bacteria than the eastern systems which 
recover and recycle more than 90 percent of the nitrogen inventory via 
plant litter decomposition and root uptake of nitrate and ammonium ions. 

Economically and recreationally important populations occur at all seven 
sites. Livestock production is appreciable at all seven sites. The 
highest cattle production is in the proposed Colorado site region; the 
highest pig and hog production is in the proposed Illinois site region. 
Cattle production is lowest in the proposed Arizona site region because 
of 1 ow range carrying capacities. Hunting. of mammal and bi rd popul a
t ions is popular in all areas as are recreational activities such as 
birdwatching. 

While fishing is an important recreational use of fish species in 
Colorado, these resources are located 10 to 15 mi northwest of the site. 
Fishing is also popular in the immediate area of the Illinois, Michigan, 
North Carolina, Tennessee, and Texas sites. 

4.7.2 Drainage Basin Processes and Types 

The ecological systems at the site alternatives are as varied as the 
physiographic regions in which they are found. Sections 4.1 and 4.2 
discuss geological and water resources of the regions .. 

The drainage basin potentially affected by the Arizona SSC site is the 
Gila River· drainage basin. In the area of the proposed site, there is 
only ephemeral flow in the Gila River because of upstream diversions for 
earlier developments. 

The three subdrainage basins of the Gila River within the site are: 

o Vekol Wash in the east which drains into the Gila River 
northeast of the site (50 percent of the basin)--Arizona 
Upland Association. 

o Waterman Wash which drains into the Gila River due north of 
the site (40 percent) of the basin)--mostly Lower Colorado 
Association. 

1CHP4V336883 EIS Volume I Chapter 4 



-n :c 
~ 
-< w 
w 
w 
~ • 

.... ..,., ..... ,_ 
........ "' N 
..... < 

........ 0 
00-' 
00 c: 

ffi -
n 
:::r 

"' ~ 
'1> .., 
... 

Oraln199 b11ln(1) 

Dr:rn1nant 1:rst• 

Terrestrtal 
ecotypes 

Aquatic ecotypes 

Vet lands 

Ec~ita,,y, 
recreat iona 1 ly, 
end culturally 
t~rtant 5pec: ies 
(See AP!1""d1x Sl 

ARIZONA 

6111 Rlver 

\onor.an tletert 

ArtiOl\I. Upland 
lower to lorado 
desert scrub 

Dry was1'191, stock 
ponds, .. ter 
Qtetnnts 

Jllone present 

8\ghorn theep, 
Gubel'I quail, 
rabbtts, •le 
deer, Jsve.Hna, 
COyt!'te, burrat 

Table 4-16 

CO"PARISON OF ECOLOGICAL CHARACTERISTICS OF SITE ALTERNATIVES 

COLOAADO llllNOIS 

South Platte Rtver Fox Rtver, 

Htgh platns, 
short-grass 
pr1trie 

C-rc, 11nd'S, rtnge· 
l3ndt swa lu/ 
flooqtlains 1lk1lt 
range 
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trlbut•rt1s, 
,._,..,.t ... 
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sytt-
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t111td deer, 
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Cl'IJIPfl, tunftsh 
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Ea1tern dlctduws 
forest. l"llll'lant 
prairie 

Upland f.,...t>, 
llYll'lnl, llllltC, 
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btrd1, -.11, ......... _ 
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Neuse, Tar, and Temn .. Rt¥tr. Trfntty Rtver 
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o Bender Wash in the west which drains into the Gila River 
west-southwest of the site (IO percent of the basin)--lower 
Colorado Association. 

The ecosystems within this drainage basin are moderately undisturbed 
desert scrub systems that: l) are slow to recover from disturbance, 2) 
exhibit stochastic productivity (rapidly growing and reproducing during 
periods of water availability), and 3) have nutrient cycles that depend 
on atmosphere/soil (including microbial-invertebrate inter
actions}/vegetation interactions. 

The ecotypes within the Arizona site are two forms of desert scrub, the 
Arizona Upland and lower Colorado associations. These associations 
occupy more than 90 percent of the proposed site. There are negligible 
aquatic ecosystems in the area. Ephemeral associations are especially 
associated with temporary catchments used for livestock and wildlife 
watering. There are no permanent ponds or perennial streams in the 
area. 

The one xeroriparian associatton in the area is the Sonoran riparian 
woodlands. The woodland ecotype is limited to the two ephemeral washes 
traversing the site. 

The drainage basin potentially affected by the SSC in Colorado is tribu
taries to the South Platte River. The subdrainages of the South Platte 
basin were originally gently rolling grasslands, typical of the Great 
Plains. The two potentially affected subdrainages are: 

o Beaver Creek, the la.rgest, originates in the high plains to 
the south near Limon and drains approximately 60 percent of 
the site. 

o Badger Creek also originates in the high plains, but to the 
southwest, and flows to the north paralleling Beaver Creek on 
the west; it drains approximately 40 percent of the site. 

The ecosystems withtn the drainage basin are high plains mixed and 
short-grass prairie, modified by dryland cropping and some irrigated 
agricultural areas. These ecosystems are water limited but are produc
tive and recover from stress rapidly. Nutrient cycling of the prairie 
is dependent on atmosphere/soil/vegetation interactions. 

Within the Colorado ROI, the distribution of ecotypes is approximately: 
cropland (90 percent); mixed-grass (7 percent}; short-grass prairie (3 
percent}; swa 1 es, floodplains ( l percent} ; and a 1ka11 range (I percent} . 
Most of the noncropland areas are grazed. 

Aquatic ecosystems include Riverside, Empire, Jackson, Prewitt, Barr, 
and Horse Cre~k reservoirs and the Mile-High Lakes Area, which is a 
series of small ponds and reservoirs north of Bromley Lake managed 
primarily for waterfowl. LQt1c systems in the Colorado region, include a 
series of intermittent and perennial streams within the South Platte 
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River drainage from its confluence with the Cache La Poudre River to 
·Sterling. There·are numerous small streams that are tributaries of 
Beaver and Badger Creeks. 

The proposed Illinois site is located within a transitional zone between 
the eastern lake and the till plain section of the interior lowlands 
physiographic province. The great majority of the proposed SSC site 
lies within the Fox River Drainage Basin. A small portion of the site 
is drained along the eastern edge by the West Branch of the DuPage River 
near West Chicago. The final portion of the site, along the north
western edge, drains west to the South Branch of the Kishwaukee River. 

The terrestrial ecotypes in the area of the Illinois site include: up
land forests; palustrine, lacustrine, and riverine wetlands; savannah; 
mesic prairie, and prairie reconstruction; agricultural systems, includ
ing timberlands, row croplands, and hayfields; and successional old 
fields. 

Aquatic ecotypes in the area include small ponds and lakes, reservoirs, 
and numerous miles of first and second order streams and small rivers. 
The aquatic portion of the three-county area is approximately 8 percent 
and provides substantial aquatic resources. · 

. 
The proposed Michigan SSC site is located almost entirely within the 
Grand River Basin, with a small amount of drainage to the upper reaches 
of the Huron River Basin to the east. 

The site is located within a number of ecotypes: forest, agricultural, 
and several types of wetlands. Both terrestrial and aquatic ecotypes 
are diverse throughout the vicinity. The terrestrial ecotypes include: 
upland and lowland forests and woodlots; agricultural systems, including 
timber, row crops, orchards, pasture, and rangeland·; and palustrine, 
lacustrine, and riverine wetlands. 

The area of the proposed North Carolina site .includes several 
headwaters, first and second order streams, and small reservoirs used 
for surface water storage. These include: 

o Neuse watershed, including the Flat River, Deep Creek, Lake 
Michie, Lake Butner, and Knap of Reeds. Creek, is a 168-mi2 
watershed in the western portion of the site. Deep Creek 
flows into Flat River almost due west of the.proposed campus, 
and the river then flows into Lake Michie south of the site; 
first order streams flow south through the proposed campus and 
drain into Lake Butner which subsequently flows through Knap 
of Reeds Creek south to the confluence with Flat River. 

o Tar watershed, including Cub Creek, Shelton Creek, Jackson 
Creek, as well as a diverse dendritic pattern of first order 
streams flowing southeast into the Tar River, is approximately 
two-thirds of the proposed site area but smaller in total size 
than the Neuse watershed, having an area of 122 mi2. 

1CHP4Y336887 EIS Volume I Chapter 4 



Affected Environment 4-52 

o Roanoke watershed, including Mill Creek and Mayo Creek, drains 
from the northwest portion of the site north into the Mayo 
Reservoir, which flows into the Roanoke River. 

The proposed North Carolina site occupies an area of diverse mesic 
terrestrial and aquatic ecosystems. Wetland types include palustrine, 
lacustrine, and riverine systems. The majority of the terrestrial 
systems are upland communities in some stage of oak-hickory succession. 
Most are second growth; few are mature deciduous forests. There is a 
high proportion of cleared land, regrowth area, and planted coniferous 
woodlands, largely loblolly pine. There are several relatively rare 
plant communities; the most notable are the Upland Depression Swamp 
Foresi.s. 

The proposed SSC alignment in Tennessee is bisected by the divide 
between the Tennessee River and the Lower Cumberland River. The 
Tennessee River basin is located in the south and east and the Lower 
Cumberland is located to the north and west. Within the area of the 
ring are the headwaters of the East Fork Stones River, the West Fork 
Stones River, and the Harpeth River (tributaries of the Lower Cumberland 
River). Tributary drainage along the north side of the Duck River 
between Shelbyville and Henry Horton State Park are part of the 
Tennessee River Basin. 

The Tennessee site is in an area of diverse terrestrial communities that 
vary principally with soil depth and moisture. Hardwood forests and 
other deep soil communities are intermixed with shallower soil-based red 
cedar communities and shallow soil cedar glades. ·Palustrine and 
riverine wetlands are scattered throughout the area. Small communities 
may occur around sinkholes that contain species dependent upon higher 
soil moisture conditions. Both these sinkhole-dependent and cedar glade 
communities are characterized by the possible presence of endemic, 
relict, or other unusual plant and animal species. 

The site is also located in an area of karst development. The Snail 
Shell Cave system underlies the site. The system is a braided network 
of parallel streams with lateral passages which support several endemic 
species. 

Numerous freshwater aquatic communities, including small ponds, streams, 
and rivers, are present in the area of the SSC site. Some of the 
smaller streams in the area are subject to seasonal dryness in all but · 
the deepest pools. Wetlands along stream and river courses are not 
common but do occur. The number and quality of aquatic communities in 
the area are typical of middle Tennessee, with the exception of the 
absence of larger rivers. 

The Texas SSC site is in the central part of the Trinity River Basin. 
Major drainage systems within the project site include Red Oak Creek, 
Waxahachie, Big Onion, and Chambers Creeks. In addition to the various 
streams tra.nssecting the SSC ring area, other major surface water fea
tures of the project area include Lake Waxahachie and Lake Bardwell, 
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located on Waxahachie Creek; several floodwater-retarding structures of 
the Soil ConservaUon Service located on tributaries of Waxahachie and 
Chambers Creeks; and numerous small sarface water impoundments. 

The productive ·clay loa111 soils of the central Texas prairies, commonly 
referred to as the Blacklands because of the soil color, support exten
sive agricultural development. Blackland prairie occupies a narrow band 
up to 60 mi wfde ortented along a north-south axis from roughJY Dallas 
in the oorth to San Antonio in the south. 

Most of ttie upland areas of the proposed Texas SSC site are in cropland 
or pasture or .an are:a in some stage CJf secondary succession associated 
with past cultfvation. lowlands are typically cultivated or in pasture. 
The few wetlands in the area include palustrine, riverill1!, and 
lacustrine systems. Successional communities in the uplands are 
typically dominated by mesquite. Lowlands in succession, especially 
those along Waxahachie, Mustang, Grove, and Red Oak Creeks, are 
dominated by an elm-sugarbe:rry forest. 

Native 81acldand pra1rie is rare and the Increasing pressure of urbani
zation 1n the area is causing the remaining examples to diminish. Mo 
intact prairie re1111ants are present in the area proposed for the ssc. 
although several examples are found in the county. 

4.7.3 Sensitive Terrestr~a1/Aquatic Colllnunittes 

Most sites NW! sensitive communities, reHc populations, or unusual, 
remnant associations. These are often noted by their inclusion in 
state-managed lands. Each proposing state has state statutes protecting 
species which tl:ive signiflcance in the region or are locally threatened 
or endangered. 

4. 7 .3.1 Arizona 

The Arizona site. as we 11 as 1 arge expanses of the surrounding desert, 
supports po,ul at ions of three state ,threatened species, the desert 
tortoise, Gila monster, and the desert bighorn sheep. The Maricopa 
Mountains are covered by terrestrial plant and animal communities that 
are similar to those in the itllllediate region. The Maricopa Mountains 
and surrounding areas support a few xeroriparian areas; but these are 
neither extensive in acreage. nor well devel()f>ed. 

Populations of the desert tortoise are limited to mountain pediments 
rocky slopes, and washes. While the factors limiting tortoise distribu
tion to these are.as are not completely understood, requirements provided 
by these areas may include the .avaHabH ity of ungrazed habitat and 
water. The hiding places available for the Gila monster may similarly 
limit its range. The bigho.rn sheep migr.aUons within the site and the 
requiremeflts during lambing season will also continue to limit their 
range. The javel lna, mostly located in the bajadas and Maricopa Moun
tains, are at the northern e~e of their range within the area. 
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Tortoise densities in the northern Maricopa Mountains have been 
estimated recently as high as 57 individuals/mi 2

• The densities of 
tortoises in the mountain areas are considered to be highly productive, 
one of the highest in the southwestern United States. Tortoise 
densities are typically much lower in lowland habitats {Lower Colorado 
Association). 

The bighorn sheep are a State-protected.species in Arizona, as are sev
eral species which are Federally protected or candidates for threatened 
or endangered listing. The Mexicana desert bighorn sheep occupy a · 
significant portion of the proposed SSC site. The total population of 
bighorn sheep in Arizona currently ranges between 2,000 and 3,000 indi
viduals. While they are common in western Arizona, the bighorn sheep 
are rare or absent from much of their traditional habitat in central and 
southwestern Arizona. 

Over the last decade, the sheep population has been declining in the 
state. Hunting is severely restricted and probably does not represent 
the major reason for the decline. Principal threats include encroach
ment including roads, power lines, land development, and mineral exp l or
ation; competition with the burro and cattle; disease; and disruption of 
the migration routes (U.S. Department of the Interior Bureau of Land 
Management 1987). 

Prime habitat in the project area occurs in the Maricopa Mountains. The 
density of sheep in the area approximates one to five per 10 mi 2

• The 
population densities, recruitment rate, and characteristics have not 
been thoroughly documented. 

The Gila monster, a venomous reptile, is probably present in the SSC 
region of influence in stable populations. However, documentation of 
the populations is minimal, and the species occurs throughout the 
Sonoran region of the southwestern United States and Mexico. The Gila 

.monster is a USFWS Category 2 species, but is not currently classified 
as threatened under the State program. However, it is "protected", 
requiring a Scientific Collecting or Management Research Permit for 
removal or collection. · 

4.7.3.2 Colorado 

Riparian vegetation is uncommon and consequently of major importance to 
wildlife populations in northeastern Colorado. These areas are 
described in Sect ion 4. 7. 5. 2. The Pronghorn antelope is a sensitive 
species in Colorado. They are disturbed by human presence, fencing, and 
noise. The species inhabits short-grass and mixed-grass prairie land. 
The site is also known to support populations of Swainson's hawk and 
ferruginous hawk, whic_h are both candidate species for Federal listing, 
and may also contain· prairie dog towns, which provide potential habitat 
for the Federally listed endangered black-footed ferret. The two State~ 
listed species are widely distributed and have large ranges when com
pared with the area affected by the proposed action. 
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4.7.3.l Illinois 

Illinois has many Slllill remnant ecotypes whicll host co11111Unities and 
populations which are sensitive or .ecologically important. There are 17 
natural areas and nature preserves in the area, including DOE reserva
tions (Fermilab and Argonne National Laboratory (ANL)). 

The prairie reconstruction project on the Fenailab site represents a 
unique opportunity to redevelop an area of mesic prairie in the proposed 
project site. Approximately seven prairie remnants are located in the 
vicinity of the proposed SSC site. -

'Remnant woodland cOlllllUlllties are present as are a few acres of savannah. 
Most of these C0111111unities a.re folll\d in protected lands. 

There are 110 plants or anilliil.1 s c0011110n to the .area o.r of economic impor
tance or which are Federally listed threat~ed/e.ndangered that are at 
the extent of their range in the proposed SSC site. Because of the 
patchwork nature of the area, there are· numerous transition zones favor
ing successiooal develop111ent and providing diverse wildlife habitat. 

Illinois lists 8.7 State-protected species whose ranges may include the 
general region of the site. However, many of these are associated with 
specific micro habitats in flooqplains, wetlaDds, and protected areas, 
e.g., parks, and are not expected to be found in the areas propt>se.d to 
be disturbed. 

4.7.3.4 Michigan 

Similarly, Michigan contains many small sensitive communities in the 
area of the proposed site. One tract .of black spruce receives special 
protection and study at the Waterloo Recreation Area. Other plants in 
the vicinity common to the spaghnlllll bogs of the area are also protected 
at the recreation area. 

There are several unique communities 1n the vici.nity cf tqe Michigan 
site. Both the Waterloo Recreation Area and the Haehnle.~ildlife 
Sanctuary contain numerous unique c.otnm.unities. The Haehnle Wi1dllfe 
Sanctuary is especiaHy important because of the sandhill crane habitat 
which is protected there. A unique dry, 111esic southern forest is 
located near the recreation area. An unusual wetland bog ;s located in 
the recreation area. A good example of a marsh habitat is present at 
the Haehnle Wildlife Sanctuary. 

A state champion pignut hickory tree, largest and oldest known to· occur 
in the state, is located on or near Area 8 of the proposed collider 
alignment. 

Transitional zones exist throughout the Micbigan site because .of the 
diversity of ecotypes. 
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The Dansville State Game Area ls located within the proposed ring. The 
Waterloo State Recreation Area and Haehnle Wildlife Sanctuary, operated 
by the Audubon Society, are located on the southeast boundary of the 
proposed site. Several other small areas of particular ecological 
interest are in the vicinity of the Michigan site • . 
Michigan has several protected species in the general area of the site. 
These are almost all plants and most are present in wetland environments 
(see Volume IV, Appendix 5, Section 5.7.4). 

4.7.3.5 North Carolina 

There are no natural ecosystems protected by statute within the proposed 
North Carolina SSC site area. Natural areas, having unique or unusual 
resources, have been identified throughout North Carolina by the North 
Carolina Natural Heritage Program. Several of these natural areas are 
in the vicinity of the proposed SSC site. Although these sites are 
defined primarily on the basis of their botanical resources, some of 
them provide habitat for locally or regionally rare animal species. 

These sites are: Goshen Gabbro forest (statewide); Vernon Hill Church 
Road dry forest (regional); Roanoke, Neuse, and Tar River 
basins--aquatic habitat (regional); Flat River slopes above Lake Michie 
(regional); Mayo Creek slopes (l~cal); Timberlake--poorly drained upland 
forest (local); South Flat River rock. outcrops (local); and Flat River 
s 1 opes at Red Mountain ( 1 oca l). Descriptions of these .areas are 
presented in Volume IV, Appendix 11 along with the discussion of 
site-specific impacts. 

The proposed SSC site in North Carolina is located in the middle of the 
Piedmont physiographic province and no major transition zones are . 
present. The proposed.site area involves the watersheds of three river 
systems near their headwaters. These three rivers all flow to the · 
Atlantic and support similar flora and fauna. 

There is one Federally-listed endangered plant, harperella, and several 
State-protected species in the area of the proposed North Carolina site. 
The plants are primarily Piedmont remnant species found· in old fields 
and within transition zones. They occur in areas with circumneutral or . 
basic soils; some have prairie affinities. The Roanoke bass ts known in 
the site headwaters and is particularly sensitive to increased 
sedimentation and alteration of its h~bitat. 

4.7.3.6 Tennessee 

No areas protected by statute are known to occur within the collider 
ring alignment proposed for Tennessee. State-protected lands, such as 
Cedars of Lebanon State Park, are nearby. · 

Middle Tennessee, the site of the proposed SSC alignment, ls character
ized by many diverse types of habitats. As a result, there are numerous 
transitional areas. Rock outcroppings and cedar glades are intermixed 
with pasture lands, croplands, and forests. The relatively large number 
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of bi rd and small mammal species present in the area is in part a result 
. of this diversity and variability. Additionally, the site traverses a 
divide between the Tennessee River and the Lower Cumberland River. 
These two basins, while similar, do have differences in average rainfall 
and in general terrain. 

Many of the threatened and endangered species are found in or associated 
with cedar glade communities. Cedar glades are the most distinctive 
botanical resource of the area, occupying flat limestone natural 
openings in the cedar or cedar-hardwood forests. These openings may 
range from several square yards to several acres in size. Cedar glades 
are characterized by assemblages of pariicular plant species, some of 
which occur only in cedar glades (endemic). Bridges and Orzell (lg86) • 
estimate that there are 16 endemic or near endemic plant species 
associated with cedar glades in Middle Tennessee. These species are 
reported to represent approximately 6 percent of the native flora of the 
area. Cedar glade endemics include plants such as glade cress, necklace 
glade cress, limestone fameflower, and leafy prairie clover. Cedar 
glade plant communities are rela.tively common in the ger:ieral area of the 
proposed SSC. 

The Snail Shell Cave system is the longest continuous cave in the 
Central Basin of Tennessee. The system is a braided network of parallel 
streams with lateral passages with small wet-weather streams and 
residual pools and upper levels that act as water conduits only during 
flood stage (Barr 1988). The cave system is physically isolated by 
shaly noncavernous formations that preclude gene flow among many groups 
of obligate cave animals. The known fauna of the system include several 
endemics, as well as certain small, more widely distributed subterranean 
species. The system contains three, possibly four, endemic animals 
limited to caves and other subterranean microhabitats: the blind cave 
salamander, the cave snail, the Trechine cave beetle, and possibly the 
cave millipede (Barr 1988). 

There are several rivers and streams in the area of the proposed site. 
The riparian communities in these areas are described in Section 
4.7.5.6. 

4.7.3.7 Texas 

In Texas two man-made lakes, lake Waxahachie and Lake Bardwell, are used 
for flood control, water supply, and recreation. There are several 
unique riparian woodland areas in the vicinity of the proposed SSC ring. 
While these areas are not unique, they are very uncommon and of key 
importance to many wildlife species for food and cover; they are also 
the habitat for a number of the less common plant species in the area. 
The White Rock Escarpment, west of the proposed Texas SSC site, has been 
known to serve as a unique habitat for several endangered species. 

The proposed site falls within the Texas Biotic Province. The Texas 
Biotic Province is a transition zone between eastern mesic forests and 
northern and western arid grasslands. On a more local level, the major 
portion of the Texas site area is agricultural land. Transition 
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zones expected in the vicinity include agricultural/ woodlands, 
agricultural/wetlands, and woodlands/wetlands. There are no designated 
wildlife refuges in the project vicinity. Eleven species of animals 
that exist in Ellis County are listed as threatened or endangered by the 
State. No State-listed plant species are known to occur in Ellis 
County. · 

Some native blackland prairie grasslands occur as remnants in Ellis 
County, however no extensive surveys of the area are known. The grass
lands are very rare due to agricultural practices and urbanization. 

4.7.A Threatened, Endangered, and State-Protected Species 

4.7.4.1 Federally Listed Species 

Federally listed threatened and endangered species and candidate species 
in the vicinity of the proposed sites are summarized in Table 4-17. 
None of the site alternatives is located on or near any of the critical 
habitats for these species designated by the U.S. Fish and Wildlife 
Service (USFWS). A review of the descriptions published through 
October 1, 1986, demonstrates the project will not affect critical habi
tats if located at any of the site alternatives (U.S. Department of the 
Interior 50 CFR 17). See the USFWS consultation letters attached to 
Volume IV, Appendix II. 

In the general areas of the proposed sites, there are few listed 
threatened and endangered species. By site, these can be summarized as: 

Arizona 
Colorado 
IH inois 
Michigan 
North Carolina 
Tennessee 
Texas 

Number of Federally Listed Species 
(Identified by the USFWS as Potentially Present) 

Threatened and Candidate and 
Endangered Review 

1 5 
9 10 
5 6 
I 4 
I 6 
4 11 
6 0 

North Carolina has no listed threatened and endangered species. In 
Colorado, listed species are associated with the South Platte or 
Colorado Rivers. These species may require consideration only if there 
are changes to the water withdrawn from these systems. 

The USFWS has indicated that there is one endangered species near the 
proposed Arizona site, the Tumamoc globeberry. This is a perennial vine 
which is associated with shrubs and small trees. In the winter, there 
is no visible growth above ground. Recent surveys identified the 
g1obeberry south of Interstate 8 in the vicinity of the southern portion 
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Table 4-17 

FEDERALLY LISTED AND CANDIDATE THREATENED AND ENDANGERED SPECIES 
IN THE REGIONS OF THE SITE ALTERNATIVES 

ARIZOllAI 

r._,1-..ry 
(E) 

Neollo)dl1 
sp. (Cl) 

Nlghtb1-lng 
c ...... (C2) 

Dnert tortoise 
(CZ) 

GI II _,.tor (C2) 
Swa1nttn'I Mlllk 

{CZ) 

ca.ORAIJ02 

llr01ked r._.i 
(CZ) 

Colorido butterfly 
plent (Cl) 

'11!1"9 pl ... r (r)S 
in'Ooplng crane (f)B 
Bild e1gle (£) 
Pvegrtne f1lcon 
IEJ 

le11t tern (E )8 
81&c:k-foot9d ferret 
(E) 

Swift fox (CZ) 
Preble'• J~tng 
"'""(CZ) 

F1trTU9tnow hawt 
(CZ) 

lang·btlltd curlew 
(CZ) 

Western snowy 
plover (CZ) 

llouftt1ln pl~r (Cl) 
Co lorodo squawf lsh 

(£)9 

~chub (E)9 
8onyt1il chub (£)9 
Razorback sucker 

(C2)9-
S...1nson'1 hi* 

(CZ) 

ILLlllOJS3 

Forked ester (CIJ 
lakeside dllsy {T) 
Sa 1-.inder Ill.ISM 1 

(CZ) 
Illtnots n;d turtle 
(C2) 

Ktrtland'• water 
snake (CZ) 

Eastern 1111111auga 
(CZ) 

S.tnsan's hallt. 
(CZ) 

Bild esgle (E) 
Peregrtne f1 lcon 

(E) 
lndlene bit (E) 
Pr•trte bush clover 

{T) 0 

MICHi~ 

Klttentolls (CZ) 
lndton1 bit (£) 
l~ sedge (CZ) 
Bog bloegrase (C2J 
Pratrle frtnged 
on:hld (CZ) 

NlllTH CAROllNAS 

H1rperel11 (E) 
C.ro11na •dtm (C2) 
5-th cone flower (C2) 
B.rbar1'1 buttons (C2) 
Hestronl1 (CZ) 
l .. ls' heart leaf (CZ) 
Dwarf ...tge ""ssel (C2)11 

l. Arizona ~----spTI~rt l 26, 1goa - t • ti'idlfigered 
2. Coloredo • Opdycke M.\y 11, 19!»S, end ~luly 10, 1988 T •Threatened 

TENllESSEEB 

Tennon• purple 
contfl_,. (E) 

Gray bit (E) 
lndl1na bit (El 
Ton rtff11 lhell 
.. ssel (E) 

TIMlll• mtlk
vetth (CZ) 

6atttrqer'1 
lobe Ha (CZ) 

T imnassee glade 
i:re11 (C2} 

:i-l"atr1e clOY1r (C2) 
Ctnberl1nd ro1tn· 
-(CZ) 

Lt11ettone f-· 
n-r (CZ) 

Stone's Rtver 
blldde'l>Od (CZ) 

Cleft phlox (CZ) 
lorto rock tree• (CZ) 
Easter blue ·ata.r 1c2l 
Vater 1tttct.ort C2 

3. I111nots ·Nelson Ml}'· le, JS%, ,11nd !l)!uot1 ptof.'()aal Septentier 1981 Cl• Category 1 Candidate 
4. Htchtgan • Koltr Mey 5. 1988, cr.d ~1ehi9an 'H"O;rsal September 1987 C2 • tategory 2.C.nd1dlte 
5. North Caroltrv • Gal'itt May 9, 19Ja, and Rackley June 2•. 1988 PE •Proposed Endangered 
6, Tennessee • Vtnford Hay 16, 1988 
1. Tex's • Curt is May 13, 1988 
B, Associated wlth South Platte River 
9. Associated with Colorado Rt~er 
10. Listed In ~lb Covnty 
11. The USFWS Ms tndteated that thts species will bt proposed for listing as endangered. 

TEXAS7 

Bald 11gle (El 
Black--capped vtreo 
{E) 
~Ing crene (E) 
Arct tc: peregrtne 
falcon (T) 

Interior lntt 
tern (T) 

Piping plover (T) 

> ...., 
;;-
n ..... 
ID 
c.. .., 
::s 
< -;:! 
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of the ring {Bisson 1988). However, surveys of the proposed surface 
facility sites did not locate any plants (Bisson 1983). It is believed 
that its microhabitat requirements would make its occurrence in the 
areas to be disturbed unlikely {see Volume IV, Appendix 5, Section 
5.1.5.2.A and USFWS consultation letter attached to Appendix 11). 

In addition, the American peregrine falcon occurs statewide during 
migration and may nest in Arizona in cliff areas near water. Peregrines 
may forage throughout the Maricopa Mountains and adjacent valleys, but 
are curre11t ly not known to nest in the vicinity of the site (ASV 1988). 

The piping plover, least tern, and whooping crane are migrants through
out areas inc'l uding the Col or ado and Texas sit es. Although migratory, 
they aY-e closely associated with aquatic habitats. There are no resi
dent pop!!lat-ions in the project area in Texas. Populations are known to 
reside alcng the South Platte River in Nebraska. 

The Colorado squawfish, the· humpback ch•.ib, and the bonytail chub are 
located in the upper Colorado River system. They are presently managed 
und.:r a recovery program sponsored through a cooperative agreement with 
t~e U.S. Department of Interior. 

The raptors 1 isted in Colorado, the ba.ld eagle, the American peregrine 
falcon, and the arctic peregrine falcon, have large ranges and nest in 
the area of large water bodies not proposed to be disturbed. All are 
wide ranging migratory birds. The bald eagle range includes the 
Colorado and Texas sites. The range of the peregrine falcon includes 
the Colorado site and the arctic peregrine falcon range extends-to the 
Texas site. The bald eagle is more closely associated with waterbodies 
and in Colorado 1s known to concentrate along the South Platte River 
Basin to the north of the site. The arctic peregrine falcon and the 
American peregrine falcon desire open areas along rivers and coastlines 
where cliffs or high perches can be found. There are no resident· 
populations of these three raptors at either of the sites. However, a 
nesting pair of bald eagles is known at Barr Lake, 32 mi west of the 
site where Colorado has proposed to construct the east-west access high
way, which transects the high quality wetlands at the northern end of 
Barr Lake. 

The only fur-bearing endangered species in the Colorado site region is 
the black-footed ferret. The ferret is associated with prairie dog 
towns and has a historic range that includes the Colorado site. While 
prairie dog towns are present throughout the region of influence, there 
are no data on the location and size of the towns on the site, and only 
one probable sighting of the ferret has been reported in over 30 years. 
However, prairie-dog towns do occur on the route of the proposed new 
two-lane road from Denver. 

The USFWS consultation letter for Illinois lists one threatened plant 
species, the prairie bush clover. There are no known populations on the 
immediate site. The prairie bush clover is listed in DuPage County at 
the Hinsdale prairie, one of seven known locations in northeastern 
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Illinois. It is a rare constituent of established dry gravel/sand 
prairies and is more rare with the disappearance of established 
prairies. It is not likely to be found unless remnant prairie patches 
are present. Another threatened plant, the lakeside daisy, may also be 
present in remnant prairie habitat, but is not known in the region of 
influence. 

Indiana bats hibernate in mines and caves in Indiana, Kentucky, and 
Hi ssouri from October through April. During spring and summer they 
migrate over a wide area including the alternative sites in Illinois, 
Michigan, and Tennessee. The Indiana bat forages over small streams and 
rivers where well-developed riparian and upland forests occur. It 
roosts in mixed hardwood old-growth stands of trees containing cavities 
or sloughing bark. The species has not been collected at the sites in 
Illinois, Michigan, or Tennessee. 

Harperella, an endangered species of plant in North Carolina, is known 
to occur in Granville County within the site area. It is located along 
the Tar River approximately 2 mi downstream of the southeast portion of 
the ring. The plant is typically found along stream margins in rocky 
shoals or shallow gravel. 

The Gray bat in Tf11nessee feeds on insects outside of caves, but unlike 
the Indiana bat, occupies caves in the summer and is associated with a 
more well-developed cave ecology. The species has not been observed at 
caves in the site area. 

The Tennessee purple coneflower is not reported to be in the specific 
plant associations in areas which would be disturbed by proposed 
construction of the SSC at the Tennessee site. 

The tan riffle shell mussel may occur in streams potentially affected by 
the proposed SSC .construction at the Tennessee site. 

Of the species listed as threatened or endangered in Texas, all but one 
are migra.tory waterfowl or raptors. These were discussed above. The 
black-capped vireo may be associated with the forest-pasture transition. 
The bhck-capped vireo is known to exist in counties adjacent to Ellis 
County near the Texas site and may exist in Ellis County. The vireo is 
found in habitats consisting of a few small trees (typically oak or 
juniper) scattered among separated clumps of many bushes (us~ally oak or 
sumac). Bushes are in the open and their foliage reaches the ground. 
Nests are typically found 0.5 to 1 meter above the ground in areas 
screened by foliage. 

The listings o.n Table 4-17 include species that are candidates fer 
Federal listings as well (Cl, C2, etc.). ·Although there is no require
ment for Federal agencies to protect these species, appropriate bio
logical surveys would be conducted during the preconstruction period to 
confirm their pres.ence or absence from the area of project influence. 
See Volume IV, Appendix 5 and App!!ndix 11 for more information. 
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Of the candidate species in Arizona, the desert tortoise, Gila monster, 
and night-blooming cereus are known to be present in the immediate site 
area. The tortoise population in the North Maricopa Mountains is 
located in areas of proposed activities, especially E7. Night-blooming 
cereus specimens have been located near EZ, J2, and J6. The Swainson's 
hawk is considered a migrant in Arizona but would be primarily 
associated with agricultural areas in the region. 

In Colorado, the candidate species listed may be in the general region 
of the site, however their sensitivity may be related to undisturbed 
short-grass prairie. There are no reports of these occurring in the 
site area other than the wide ranging raptors. (See Appendix 5, Section 
5.2.9.5 and the USFWS consultation letters attached to Appendix Il.) 

The candidate species in the Illinois site area are mostly aquatic and 
associated with larger tributaries than the Fox River. The raptors are 
wide ranging migratory birds with no evidence of nesting in the site 
area. (See Appendix 5, Section 5.4.9, and the USFWS consultation letter 
attached to Appendix II.) 

Candidate species in the vicinity of the Michigan site consist of a 
single plant, kittentails, which is known to occur in several distinct 
populations in Jackson County, although not on the rinQ. alignment. 
Three other species of plants, bog bluegrass, log sedge, and prairie 
fringed orchid, may also occur in the region. 

There is one species that will be proposed for listing that occurs in 
the vicinity of the North Carolina site. The dwarf wedge mussel is 
known to inhabit the Tar River in Granville County. There are five 
species (see Table 4-I7) which are under review for listing by the USFWS 
(see Appendix 5, Section 5.5.9.5, and the USFWS consultation letter 
attached to Appendix IO). 

In Tennessee, the many candidate/review species are relic-populations 
which may be in the area (see Appendix 5, Section 5.6.9.5, and the USFWS 
consultation letter attached to Appendix 11). The Tennessee cave sala
mander may be found in the Snail Shell Cave of the site. The Copper
cheek darter (review status) is a relic species which is associated with 
several tributaries in the general region of the site and reported to be 
associated with the larger tributaries in the area which are not in the 
immediate area of the proposed injector or ring. Many of the plants are 
found in unique communities such as the Cedar Glades (see Appendix II, 
Section lI.3.6.I). 

4.7.4.2 State-Protected Species 
• State-protected species may be present in the vicinities of the proposed 

sites. The sites differ substantially in the number of state-protected 
species near the proposed sites. These differences are primarily due to 
the content of individual state laws as well as differences in numbers 
of rare species. These are: 
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Arizona 
Colorado 
Illinois 
Michigan 
North Carolina 
Tennessee 
Texas 

5 species 
3 species 

87 species 
27 species 
21 species 
22 species 
11 species 

Affected Environment 4-63 

Consultation with the State Fi sh and Wi1dl i fe Agency would be conducted 
to determine what, if any, studies would be conducted at the selected 
site. State-protected species are listed in Table 4-18. 

4.7.5 Wetlands 

4.7.5.1 Arizona 

There are no USFWS classified wetlands in the area of the proposed 
Arizona site. 

4.7.5.2 Colorado 

Areas classified as wetlands by the USfWS (see Volume IV, Appendix 11, 
Table 11.3.2.3-1) are common within the area of the proposed Colorado 
site. Small palustrine wetlands are most typical, although lacustrine 
and riverine wetlands are also present in the region. Palustrine wet-
1 ands include small ponds, marshes, and emergent areas. Many of the 
wetlands in the area are riverine or palustrine emergent systems asso
ciated with the intermittent or low-order streams that occur throughout 
the area. Palustrine emergent, flats, and riverine wetlands are also 
associated with the floodplains and riparian zones of larger streams 
such as Fort Morgan, Beebe Seep, and Neres canals; Badger and Bijou 
Creeks; and the South Platte River. 

Host of the wetlands are moderately degraded (see Appendix 11, Section 
11.3.2.3) as a result of agricultural activities such as crop production 
and livestock grazing. Some wetlands are severely degraded from over
grazing. In addition, nonwetlands and nonnative plant species are well 
established within many of the wetlands. The wetlands associated with 
the Beebe Seep and Heres Canals are regularly utilized by waterfowl. 
Cottonwood stands within floodplains associated with several streams 
(e.g., Bijou Creek) provide important habitat for raptor species. 

4.7.5.3 Illinois 

Wetlands are abundant in the Illinois project area. Palustrine systems 
are the most common, and primarily include emergent, scrub-shrub, and 
some forested wetlands. Plants associated with the wetlands "include a 
variety of small trees, shrubs, grasses, forbes, and rushes. In addi
tion, both native and introduced species may be found in the wetlands of 
the area. Lacustrine and riverine wetlands are also present but less 
abundant. Riverine, forested pal ustri ne, and emergent pal ustri ne wet-
1 ands are associated with the riparian areas of the Fox River, Welch 
Creek, Kress Creek, and other streams and creeks in the area. 
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ARIZONA 

Peregrine fa lean 
(GZJ 

Southam bl Id oag le 
(GZJ 

Desert tortotse 
(G3l 

De:sert btghorn 
•heep (G3) 

Gi 1a monster (GJ) 

COURADO 

Bald eagle (E) 
Plains sharp-
tel led grouse (Tl 

Sandhill crane (T) 

GI - 61'0\JP l (Probably ext1~t.ed1 
62 - Group 2 {Meaf" extirpation) 
G3 - Group 3 (Jeopardy) 
t - Endangered 
T - Threatened 
R - Rare 
S - Special Concern 
P - Prll'l'li!ry PF-oposed 

Table 4-18 

STATE-PROTECTED SPECIES IN THE REGlONS 
OF THE SITE ALTERNATIVES 

ILLINOIS 

A lde• bucktho•n (E) 
lmertcan brook line 

(E) 
hrtcan burreed 

(E) 
llog bedst ... (Tl 
Ctmmon bog arrow 
grass (E) 

Ocnilny ye 1 low 
painted cup (E) 

Oow.iy So lorron' s 
seal (E) 

false asphodel (l} 
False dog-bane (E) 
Ginseng (T) 
Golden ... 1 (1) 
Grass pink orchid 

(T) 
Green-fru I ted 

bum1ed (E) 
Hairy marsh yellow 
grass (E) 

H.!try white violet 
(E) 
Heart-leaved plan
tain (E) 

Hemlock. parsley (E) 
Lak.esidi! daisy (T) 
leather leaf (t) 
leafy prairie 
clover (E) 

long beach fern (El 
M ... h speed-.. 11 ( T) 

MICHIGAN 

Beak 9'aSS (T) 
Bog blueg•ass (T) 
Cattail sedge (T) 
D°""y simflo-• (TJ 
Edible v.slertan (T} 
Fa \se 6rnM fei.ther 

(TJ 
rire pin'< (T} 
Gtnseng (T) 
Goldenseal (T) 
Kittentails (T) 
least shre.1 {T) 
leiberg's panic-grass 

(1 J 
Loq sedge (T) 
~ot...mly (r} 
Prati-le drop seed 

(1J 
P:-atrte frh~g:ed 
o•chld (EJ 

Prairie rock- cress 
(T) 

RaYen 's-foot sedge 
(TJ 

Sma11 skull cap (T) 
Splkerush tl) 
Tall green milkweed 

(TJ 

NORTH CAROLINA 

Hlll'Oe•ella (TJ 
Ginseng (S) 
Lewts' heart1eaf (P) 
Mlchaux's sumac (E} 
Nestronla (T) 
v11·1~ conefl~T {P) 
Prairie dock (P} 
Pralrle goldenrod 

(P) 
Schwelnitz's sunfl011Per 

(E) 
Smooth c:onef 10\olf!r ( T) 
Tall larKspur (E, S) 
Roani:*e bass (S) 
~·etlow lance (S) 
At1antic pigtoe {i) 
Lcggerhead shrike (T) 
Meuse RiYer water OOg 

(SI 
[).ilarf ll'l!'.iqe 111Jssel (E) 
Notched rainbow (S) 

TENHESSEE 

Tennessee mt lkvetCh 
(E) 

leafy siretrle 
clover {E) 

Glade cres5 (T) 
Meck l!lte 9 lada 
cress (T) 

Outk R Iver 
b la~erpc.d (Tl 

Shorts b l!dder
ood (T) 

Gattlriger's lobe-
11• (TJ 

SnOlf wreath (T) 
Fa hie grUlfllle l1 (T) 
Su""ybe ll {1) 
L1111!stone f.5rre
f1°""' (TJ 

\l&t~r ~ll 
(EJ 

Mussel la" si11 ~rlo-sa) (S} 
Mussel Ln l l Is .t.<Ldjj,te) (SJ 
l'.ussel (Vi llo;! deluf'tli$) {S) 

T[XAS 

Te,_,,a horned 1 izard 
(TJ 

T l!l'ber rattlesnake 
(TJ 

Ar::tic peregrine 
feleon {1) 

Bald sag le (E) 
Black-capped vireo 
(El 

Go 1der!-eheeked 
w4rbler (Tl 
Inter~or least 
tern (E} 

Swa 1low-tat1~ 
k lte (T) 

lJ!woplng crane (E) 
White-faced lbis 

(TJ 
llood •to..V. (T) 
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MIZOllA COlllRADO 

Gl - Group l (Probably extirpated) 
62 - Group 2 (Near extirpation) 
63 • Group 3 (Jeopardy) 
E - Endangered 
T - Threatened 
R - Rare 
S - Soec la l Concerr. 
P - Primary Proposed 

Table 4-18 (Cont) 

STATE-PROTECTED SPECIES IN THE REGIONS 
OF THE SITE ALTERNATIVES 

ILLINOIS 

Narrow-leaved sun
daw (Tl "°" Yori< fem (El 

Northern crenesbtll 
(El 

Oval 111tlk-weed (E) 
Pale vetchltng (T) 
Pl-(E) 
Pratr1e clover (E) 
PretTte lattlce 
(El 

Pretrte rose gen
ttan 

Prairie_ wh!te
frinqed orchid (El 

Pufl) le evens (E} 
Purple flowering 
raspbeM"y (E) 

Queen of-the
pratrte {T) 

Rice grass (T) 
Richardson's rush 

(E) 
Rock elm (El 
Round-- leaved sundew 

(El 
Seaside crow-foot 
(E) 

Sedge (El 
Showy lady' 5 
sl1P1>•r (E) 

Slender dog arrow 
grass (E) 

MICHI6'N 

· Upland bonoset (T) 
Whtte or pr•trte 
false Indigo (Tl 

White lady's sltpp:!!r 
(T) 

Ye 1.low or orange 
fringed orch1d (T) 

Httchell't satyr (T} 
King rail (El 

•' 

NORTH CAROLI NA T[ftllESS£E TEXAS 

Tennusee ceve 
sal1rn1nder (T) 

Hellbender (R) 
Balduglo (El 
Peregrtl'le falcon 
(El 

&ew1dc'1 "'tin (T) 
Grasshopper sperrow 

(T) 
Gray bat (E) 
Indiana bat (E) 
Btrdwt1i9 pearly 
..,.,.1 (E) 
Copperc~ darter 

(T) 
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AAIZOl!A COUJ!ADO 

GI - Group I (Pf"Ob<b ly e>t 1•pated) 
G2 - Group 2 {Near extirpation) 
G3 - Group 3 (Jeopa,ey) 
E - Endangered 
T - Threatened 
R - Rare 
S - Specia 1 Cooce111 
P - Primary Proposed 

Table 4-18 (Cont) 

STATE-PROTECTED SPECIES IN THE REGIONS 
OF THE SITE ALTERNATIVES 

!LLlllO!S 

Slender sandNOrt 
(T) 

SmJll enchanter's 
nlght•l\ode (E) 

Small yellow lady's 
s HPP<• (E) 

Spocl<led a.1de• IE) 
Spikerush (E) 
Spo~ted coral root 
on:h1d (T) 

liftitte CllMSS (E} 
White cedar (T) 
White lady's slipper 

(E) 
\loolly mtllt ... d IE) 
Yellow birch (E) 
Y•llow monkey 
fl°""' (E) 

hnertcan bittern 
(El 

Bald eog le (E) 
Barn owl (E) 
8ewtck's •ten (T) 
Slack-croimed night 

hel'OO (E) 
Black ra11 (£) 
Black tern (E) 
8""9fer's blac':.b\rd 

(T) 
Bro.m creeper (E) 
Corrmon ga 11 i nu le 

(T) 
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ARIZONA ClllORAOO 

61 - Group ! (Probably ert trpated) 
G2 - Group 2 (Near eY.ttrpetton) 
G3 - Group 3 (Jeo1MrdY) 
E - Endangered 
T - Threatened 
R • Rare 
S - Soec ia l Concern 
P - Primary Prowsed 

Table 4-18 (Cont) 

STATE-PROTECTED SPECIES IN THE REGIONS 
OF THE SITE ALTERNATIVES 

ILLIN01S 

·~tern {E) 
Cooper's - (E) 
Doub le-crested 
corn.:.rant (E) 

Esktn1:1 curlew (E) 
Forster's tr.:m (E) 
Great egret {£) 
Henslow's sparrO'lf 

(T) 
Least tem (El 
loggerheild shr tke 

(1) 
Long-eared owl (E) 
Marsh hawk (E) 
Osprey (E) 
P!'regrine fa lean 

IE) 
Piping plover (E') 
Purple gallinule 

(£) 
Red-shou1dered hawk 

(E) 
Short-eared Olfl (E) 
Swainson'l lia~ (E) 
Swa1nsO:'l 1

S warbler 
(T) 

Upiand sandpiper 
(E) 

Veery fl) 
Wilson's phalarorie 

(£) 
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E - End,mger<:d 
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STATE-PROTECTED SPECIES IN THE REGIONS 
OF THE SITE ALTERNATIVES 

1LllffilIS 

'fe 1 luw-headed 
blackblrd (El 

Ye llCJW ra l1 (T) 
Bobcat {T) 
lndi~r,. bat {€.) 
River otter (T) 
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Affected Environment 4-69 

Many of the wetlands show some sign of degradation. Causes of degrada
tion include agricultural activities, draining, diking, and/or urban 
encroachment. ~etlands exhibiting little or no apparent degradation 
include riparian forested wetlands associated with Welch Creek, and the 
lacustrine and palustrine wetlands located at the eastern, southern, and 
southwestern portions of the Fermilab area. The palustrine forested 
wetland in the southwestern portion of the Fermilab site contains an 
active heron rookery. 

4.7.5.4 Michigan 

Wetlands are abundant throughout the Michigan project area. These 
wetlands are primarily palustrine emergent, palustrine scrub-shrub, and 
palustrine forested systems. Riverine wetlands are associated with the 
Grand and fluron rivers, and lacustrine systems are scattered throughout 
the southeastern portion of the project area. Major concentrations of 
wetlands are also associated. with the Dansville State Game Area and the 
Waterloo Recreation Area. Vegetation associated with the different 
types of wetlands includes numerous species of trees, shrubs, herps, and 
grasses; both native and introduced species may be found. 

Many of the wetlands have been degraded to some extent. Primary causes 
of degradation include agricultural practices, draining, and residential 
and industrial development. However, nearly as many wetlands show few 
signs of degradation. Most of the relatively undegraded wetlands in the 
area of the Michigan site are less than 5 acres in size. 

4.7.5.5 North Carolina 

~ietlands are relatively common in the North Carolina project area. Wet
lands ty;ies include palustrine emergent and palustrine forested systems 
associated with streams and farm ponds, riverine systems, and 1 acustrine 
systems (typically man-made reservoirs). Natural drainages in the area 
having associated wetlands include the Flat River, Knap of Reeds Creek, 
Camp Creek, Dickens Creek, and Grassy Creek. 

Many of the emergent and scrub-shrub wetlands show signs of moderate to 
severe degradation, primarily as a result of agricultural practices, 
grazing activity, residential development, or recent construction acti
vities. In contrast, palustrine forested wetlands (particularly when 
a~·sociated with a natural stream drainage) typically show little evi
dsnce of degradation. 

Wetlands are not a prominent feature of the project area in Tennessee. 
The majority of the wetlands in the project area are palustrine emergent 
wetlands. They are generally less than an acre in size and associated 
with farm ponds. Palustrine forested wetlands are typically associated 
with the many perennial and ir.termittent streams found in the area. 
Riverine wetlands are associated with the Duck, Harpeth, and Stones 
Rivers. 
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Most of the wetlands (particularly those associated with farm ponds) are 
moderately or severely degraded as a result of agricultural activities. 
These activities include grazing, crop production, and hay cultivation. 

4.7.5.7 TeJaS 

Wetlands present in the.Texas project area include palustrine, riverine, 
ar.d lacustrine systems, bi;t are not a prominent feature of the site. 
Mast of the wetlands tn the area are moderately degraded from agricul
tural activities. The wetlands are primarily excavated or diked stock 
ponds that are used extensively by cattle. Emergent vegetation at these 
wetlands is limited because of heavy cattle use and seasonal water level 
fluctuations. The remaining wetlands are associated with the riparian 
areas of intermittent and low order streams. The beds of these streams 
typically are highly eroded from past and present agricultural 
activities and cattle grazing. 

Chambers Creek supports the most important wetland area at the proposed 
Texas site. This permanently flowing stream contains a variety of vege
tation types and is of relatively high quality. Because of the quality 
of this area and the importance of wetland habitat in this area of rela
tively dry climate, Chambers Creek represents valuable habitat for fish 
and wildlife. The forested areas surrounding the stream provide habitat 
for many raptors, and the Texas Parks and Wildlife Department has 
released deer in the Chambers Creek area of the Texas site. 

4.7.6 Co111T1ercially, Recreationally, or Culturally Important Species 

Each of the site alternatives has commercially and/or recreationally 
important wildlife populations. In general, these populations are 
recreationally important due to hunting, trapping, fishing, or 
biological observation activities. The economic value of these 
populations at most of the proposed SSC sites is derived primarily from 
their recreational potential, with the exception of livestock 
populations. No species of special cultural significance is known to 
occur in the vicinity of the seven sites, with the exception of Arizona. 

In Arizona, species of economic importance includ~ some domestic live
stock and two furbearers, bobcat and coyote. There are no aquatic 
species of economic importance. 

Recreational hunting use is typical for a few game specie·s including 
Gambel's quail, doves, rabbits, mule deer, javelina, coyote, and (tra
ditionally) bighorn sheep. 

The only species of special cultural importance in Arizona is the feral 
burro in the northwestern parts of the site. 

In Colorado, several speci~s have recreational hunting value in the 
area: mule deer, pronghorn antelope, white-tailed deer, rabbits, mal
lards, mourning dove, ring-necked pheasant, and bobwhite quail. Badger, 
beaver, coyote, and red fox are trapped. Sportfishing is primarily 
focused on the reservoirs northwest of the site. 
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There are many recreationally important species in the area of the pro
posed Illinois site. Game birds include geese, ducks, partridge, 
pheasant, and dove. Although much of the area is urbanized, there are 
opportunities for hunting and trapping game animals. Animals that are 
hunted include ring-necked pheasant, waterfowl, cottontail rabbit, 
white-tailed deer, red fox, coyote, and raccoon. Beaver, muskrat, fox, 
coyote, and raccoon are trapped. Sport and commercial fish include 
sunfish, trout, bass, crappie, walleye, and perch. Recreational activ
ities dependent on ecological resources also include bird watching. 

The vicinity of the proposed Michigan site has numerous sp~cies that are 
recreationally important. Inland sport fisheries are located throughout 
the region. Species managed in these fisheries include largemouth bass, 
r.orthern pike, bluegill, crappie, yellow perch, walleye, salmon, and 
rainbow trout. The major stream fisheries in the site vicinity are 
along the Grand River and Lower Sycamore Creek. 

Game species that are common in the area of the proposed Michigan site 
include cottontail rabbits, white-tailed deer, waterfowl, and fox 
squirrels. Other species frequently hunted include ring-necked 
pheasant, bobwhite quail, wild turkey, woodcock, and ruffed grouse. 
Commonly hunted waterfowl include wood ducks, mallards, blue-winged 
teal, and Canada geese. Muskrat, mir.k, raccoon, red fox, coyotes, 
opossum, and woodchuck are frequently trapped or hunted in the area. 

Bird watching, wildlife observation, and nature photography are impor
tant activities in the Dansville State Game Area, Waterloo Recreation 
Area, and Haehnle Wildlife Sanctuary. Waterfowl nesting habitats are 
common in these protected areas; the observation of sandhill cranes and 
great blue herons is especially popular. 

In North Carolina, much of the proposed site is rural with excellent 
hunting and fishing, and a high diversity of fish species and popula
tions of game birds and mammals. Major fishing areas on or near the 
site include hundreds of farm ponds, five reservoirs, four rivers, and 
nine streams. Major game fish species are striped bass, largemouth 
bass, chain pickerel, Roanoke bass, black crappie, white crappie, white 
perch, white bass, and various sunfishes (bream). 

Bird and mammal game species are found throughout the site including 
white-tailed deer, eastern gray squirrel, bobwhite, wood duck, and many 
other migratory waterfowl. The"largest area available for public 
hunting within the proposed site is the Butner Game Lands, of which 
approximately IO percent lie on the proposed SSC near-cluster location. 
Management of these State-owned lands by the North Carolina Wildlife 
Resources Co11111ission as game lands is considered an interim use. Exten
sive game lands also surround Mayo Reservoir and Mayo Creek. 

No public hunting grounds or State Wildlife Management Areas are located 
within the proposed SSC site area at Tennessee. Hunting, trapping, and 
fishing do occur, however, on private property and along rivers and 
streams throughout the area. Common game birds of the region are wild 
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turkey, bobwhite, and mourning dove; waterfowl species such as Canada 
goose, wood duck, blue-winged teal, and mallard are also reported. Game 
mammals in the area include eastern cottontail, gray and fox squirrels, 
and white-tailed deer. 

Several ranchers in the immediate construction area of the SSC in 
Tennessee raise and train Tennessee Walking Horses. 

In Texas, both lake Waxahachie and lake Bardwell are used for sport 
fishing. Game fish in lake Waxahachie include channel catfish, large
mouth bass, and white crappie. Major sport fish in lake Bardwell 
include white crappie, channel catfish, blue catfish, largemouth bass, 
white bass, striped bass, and sunfish. 

Principal game species in the region of the proposed Texas site are 
northern bobwhite, rabbit, fox, squirrel, and mourning dove. Commonly 
hunted waterfowl include green-winged teal, gadwall, and mallard. 
White-tailed deer are hunted in the area, as are bullfrogs. Raccoon, 
opossum, striped skunk, gray fox, and spotted skunk are trapped and/or 
hunted in the area. 

4.8 LAND RESOURCES 

4.8.l Jurisdictional Location 

The jurisdictional location of each of the site alternatives was deter
mined by the proposers in response to ISP requirements (see Volume III, 
Methodology for Site Selection). As such, the number of counties 
directly affected by the project vary. Two states have sites located in 
one county: Arizona (Maricopa County) and Texas (Ellis County). The 
Michigan site straddles two counties: Ingham and Jackson. Three states 
have sites located in portions of three counties: Colorado (Morgan, 
Adams, and Washington Counties); Illinois (DuPage, Kane, and Kendall 
Counties); and North Carolina (Durham, Granville, and Person Counties). 
The Tennessee site is located in portions of four counties (Rutherford, 
Marshall, Bedford, and Williamson Counties). Table 4-19 presents data 
on each site's county locations of major project facilities. 

4.8.2 Ownership Patterns 

Ownership patterns of each of the seven site alternatives were identi
fied based on information provided by the proposers in response to ISP 
requirements. Ownership patterns for areas directly affected by the 
project vary from virtually all private ownership in Tennessee (100 per
cent) to largely public ownership in Arizona (approximately 68 percent). 
Colorado, Michigan, North Carolina, and Texas have over 90 percent of 
the lands to be acquired for the project held in private ownership. 
Illinois has approximately 64 percent of the lands to be acquired for 
the project held in private ownership. Data on actual acreage to be 
acquired are presented in Volume IV, Appendix 4. Table 4-20 presents 
data on each site's predominant land ownership patterns for major 
project facilities. 
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Table 4-19 

COUNTIES PROPOSED FOR SURFACE FACILITIES LOCATIONS 
AT SITE ALTERNATIVES 

SSC PROJECT FACILITY ARIZONA COLOllAOO ILLINOIS HICHIGAll NrA!Tff CAROLINA TE JINES SEE 

1. 0 1Jar....£l.yster 
~ Maricopa Horgan/Adams DuPage/Kana Ingham/Jack.son Durh~11/Granvt 111 Rutherford 

I.I Campus 1ree A Maricopa Adams Ou Page/Kane lnghom Ourhom Rutherford 

1.2 Injector area 8 Maricopa - DuPage/Kane Ingham Granv\ \le Rutherford 

1.3 Future expan,ion Marlcopa AO.ms DuPage/Kane Jackson Durham Rutherford 
area C. 

1.4 Buffer aree/burted 
beam zone access 
•re• l Kir1~opt <dams/Horgan Ou9age/Ka:ne l l'lghlll\1 Jackson Granvt lle/Durhlm RutMrf ord 

1.5 Neer cluster ring Martc;opa Adams/Horgan OuP11ge/kane- Ingham/Jackson Durtwn/Gr1nrt 1 le Rutherford 

2.0 =t!tr Martcopa Washtngton/Horgan J::a:ne Ingham/Jackson Granvl lle/Person Marshlll 1/ 
Bedford 

3.0 Lower arc ptf!.dral'lt 
• Person1/0urfml Adams/W1shtngton Kane/Kenda 11 Jackson Ruthorf~rd/ 

Bedford 
'4artco~• 

4. 0 Um>er 1..!'C_Quadrl!nt Horgan l:ane lnghll• Gr1nvt1te2 l!arshll 11/ 
Vflltmaon{ 
Rutherford 

Kartcopa 

5.0 Road end railroad Morg1n/Ad1111$/ DuPag!/Kene/ lngboo/Jac:kson OurNlll/Gr1nvt111/ ttarshllll/ 
Washington Ken<iall Persort vn 11_...1 

Rutherford 

Karteopa 

6.0 Utt Http Horgtn/Adams/ DuPage/Kene/ r nghom/ Jack son Our"""'Grenvtlle/ l!arsholl/ 
Washington Kendall Person Villi-/ 

Rutherford 

Maricopa 

1. Corresponds to State's westem arc 
2. Corresponds to State's eastern arc 

TEXAS 

Ellis 

Ellis 

Ellis 

E1lh1 

Ell\s 

Ellis 

Ellls 

Ellts 

Ellts 

Ellts 

El lts 
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Table 4-20 

EXISTING LAHD USE IN AREAS PROPOSED FOR SURFACE FACILITIES 
AT SITE AlTtRNATIYES 

SSC PROJECT FACILITY AA!ZOHA COLORADO ILLINOJS MICHIGAN PIORTH CAROLINA 

1.0 Hur i;ilY§l!lT 
~ PubHc/Ftvate P-rtvate Prtvate/pub 1 tc Private/pub 11c Prtvata/pub 1 tc 

I.I Campus ll"O A Prtvate/pub lie Prtvate Public Private Private/publ fc 

l.2 Injector are. S Publlc/prtvate Prtvate Public Private Pr lvate/pub 1 tc 

l.3 F'uture expansion Pub He/private Private Public Private Pr 1vate/pub 1 tc 
area t 

l.4 Suffer area/burled 
beaM zone access 
area I Prt\.'ate/publlc Prlvate/publtc Prtvate/publ le Private/public Prtvate 

1.5 Hear cluster rtnil Public/private Prtvate Pub' tc/pr1vate Private PT'tvate/pub 1 'c 

2.0 F~r s; 1u11t1r 
quadrant Public Pr,vate/l)ub11c Pr1vat1 Private Private 

3.0 L~r ~re guadrani Public Prlvate/i:iub 1 lc Prtvate Private Prtvatel 

4.0 Ye!' f:t't g:i!!ljrar.~ Public Private/public Pr\v.ste Private Private? 

5.0 Road §:nd N j I roa~ Pub 1 ic/pr Iv ate Private Public/private Pr1v&te Priv&t! 

6.0 !.!t11ille! Pub lie/private Private Publ le/private Private Pr hate 

l. Corresponds to State's westem arc 
2 . Corresponds to State's eastern arc 

TENNESSEE 

Private 

Prtvate 

Private 

Prt ... at• 

Private 

Pr hr.ate 

Prtvate 

PL!b 11c2 

Pr1vatel 

Private 

Private 

TEXAS 

Private 

Private 

Prtvate 

Private 

Private 

Private 

Prlvate/pub11c 

Private/public 

Pr1vate 

Prfvate 

Prt11ate 

l> 
-0 ..., 
"' (") .... 
en 
Q. 

.,., 
:::> 
< 
~. 

-s 
0 
:::> = Cl) 
:::> .... 
... 
' _, ... 



Affected Environment 4-75 

4.8.3 Historic Land Use 

The historic land use of each of the seven sites differs depending on 
the degree of development. Development began similarly at each of the 
seven sites, since proximity to water is the single most required neces
sity for growth. Once sources of drinking water were made secure, agri
cultural activities were pursued, with industrialization/urbanization 
following if there were strong economic force.s fostering growth. The 
Arizona site is located in an underdeveloped portion of Maricopa County, 
not only because of Federal land and ownership/management policies, but 
also because of the lack of water for irrigation. The Colorado, 
Michigan, North Carolina, Tennessee, and Texas sites are still largely 
agrarian. The Illinois site is the most urbanized of all the sites. 
There is still an agricultural basis at the Illinois site, but it is 
changing as urbanization continues to extend farther west from Chicago. 

4.8.4 Existing Land Use Plans, Policies, and Controls 

The kind and amount of existing land use plans, policies, and controls 
in effect at each of the sites is contingent on the conditions used to 
describe the preceding three land use parameters: jurisdictional set
ting, ownership patterns, and historic land use. The Texas site is the 
exception to the norm, because the State has not mandated its counties 
to perform comprehensive land use planning functions. The remaining six 
sites have such provisions, even though not every county at each site 
has developed the same sophistication in their planning efforts because 
of their individual development status. Table 4-21 presents data on 
each site's dominant zoning designation for major project facilities. 

The Arizona site is largely under Federal ownership, managed by the U.S. 
Department of the Interior, Bureau of Land Management (BLM). Of parti
cular relevance to the SSC project are the following two BLM plans: 
Lower Gila South Final Resource Management Plan/Environmental Impact 
Statement (1985) and the subsequent Lower Gila South Final Wilderness 
Environmental Impact Statement (1987). 

4.8.5 Existing Land Use 

The kind and amount of existing land use at each of the site alterna
tives is dependent on both historic use as well as what is currently 
permitted under the applicable zoning ordinances. Existing land use 
ranges from a simple pattern in Arizona, where little to no development 
is the norm, to very complex land use patterns in Illinois, where urban· 
ization is continuing from the east. In between are Colorado, Texas, 
Tennessee, Michigan, and North Carolina which, while all basically agri· 
cultural, show increasingly complex land use patterns. The Michigan 
site and, particularly, the North Carolina site, exhibit complex patch
work land use patterns, due in large part to their respective vegetativs 
covers and associated forms of agricultural use. Table 4-22 presents 
data on each site's existing land use for major project facilities. 
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Table 4-21 
..... 
" LOCAL ZONLNG DESIGNATIONS Of SITE SURFACE FACILITIES :i:: 
"lJ (PUBLIC LANDS EXCLUDED) AT SITE ALTERNATIVES ... 
-< w 
w 
w 
00 

°" SSC PROJECT FACILITT AAIZONA COll'AAOO ILLINOIS MICHIGAN NORTH CAAOLINA T!:NNESSEE T!:XAS .... 
0 

1.0 Hur ;1u1s1r 
quadrant Rural-190/ Agricultura 1 Htxed Agricultural Rural/ Aesfdenttal N""• 

R.u'l'a l-43 c none 

l.I Carnpu!I area A Rural-190 Agr1cu.1turo1 Restd!nt ta 1/ Agricultural Rural Res tdent ta 1 N"'" 
agrtcu ltura l 

1.2 Injector area B Rural-190 Agricultursl Restdenttal/ Agrfcultura 1 Ncne Restdenttal None 
mtxed 

1.3 Future expansion Rura 1-190 Agricultural Residential/ Agrtcultura 1 Rural Res tdent la 1 N""• 
area C mixed 

1.4 Buffer. arY/ Rural-190/ Agrtcultural Hlxed Agricultural Rura 1/ Resh:lent tat """e 
buried beam zone Rura 1-43 none 
access area I 

1.5 Near cluster ring Rura 1-190/ Agr icu ltura 1 Mixed Agrtcu ltura 1 Rural/ Restdentta1 None 
Rura 1-43 none 

2.0 Far s; lust~r Rural-190 Agricultural Agrtcu ltura 1 Agrtcu ltura 1/ Ncne - None/ 
quadrant resldenttal res 1dent ta 1 

3.0 l<'.M!'r_.11:rc_ 11U4.\1r.!lnt Rural-190 Agr tcu ltura 1 Agricultural/ Agricultural/ R.ural/ """"' 
,..,. 

Mixed res tdent ta 1 none• restdenttalb 

4.0 Uooer _!!_re_ aua._d_r_,nt Rural-190 Agr tcu ltura 1 Mixed Agricu ltura 1/ Noneb Rural/ . ..,., 
mtxed residential/ tnriustrla 1/ ...... ~1eultural 

...... ,.,., 
)> .......... 5.0 Ro;o:Q f:!'l~ ra11ro,,d Rural-190/ Agricultural Hlxed Agr tcu ltura 1 Rural Residential/ None 

'"' Aura 1-43 none .... 
N .... 
""" "' '-...0 6.0 lit i lit i!!S Rura 1-190/ Agrlcultura 1 Mixed Agrtcu ltura 1 Rural Restdenttal/ N"'° ('> 

co~ • Rura 1-43 none ..... 
co c: "' 3 Q. 

(0 ,....., 
a Corre!lponds to State's western arc 

"' ..... b Corresponds to State's eastern arc .. < 

" 
c Limited to agrlcultural and single-family ;eSldentlal uses, 190,0t'O-ft'- parcel min\nun or 1-acre parcel 11111.xtl!Uft ~-

:::r -s 

"' 
0 

-0 "' ..... 3 
(0 Cl) 

-s :;j .... 
-"" ..,. 

' _, 

"' 



Table 4-22 
.... 
n EXISTING LAND USE OF = .,, SITE-SPECIFIC PROJECT FACILITIES ... 
-< w 
w 
w 
O> 

SSC PROJtcT FACILITY O> AA!ZONA COLORADO ILLINOIS ~!CHIG.111 NMTH CAROLINA TE!IN£SSEE TEXAS ... .... 
1.0 ~e:ar i:;:lu1t1c 
~ Undeveloped Agr tcu ltura 1/ lnst1tut1ona1/ Agrtcultura1/ Agrtcu1tura 1/ Rural/ Rural/ 

rural agricu ltura 1/ r1,1ral rural/mtlttary agrtcultura 1 agricultural 
mixed 

I.I Campus area A Undeveloped Agr1cultura1 Inst ttut tona·l/ Agr1cu ltura 1/ Rural/ml lttary Agrtcultura 1 Agl-tcultural/ 
(cropland) research rural rural 

1.Z Injector area B Undeveloped Agricultural Inst1tutianal/ Agrtcu ltura 1/ Rural/mt 1 ttary Agrtcultura 1/ Agrtcu ltura 1/ 
(crcplan1) agricultural rural rural res I dent ta 1 

1.3 Future expana ton Undeveloped 1.'J'!'\cultural/ Institutional/ ~grtcultural/ Rura 1/mt 1 ttary Agrteultura 1/ Agricultural/ 
a ... c rura 1 mixed rural rural rural 

(crop land) 

u Buffer area/ Undeveloped Agrtcultura 1/ Agrtcu ltura 1/ Agricultural/ Agrlcultur1t/ Agrtcu ltura 1/ Rural/range/ 
buried bean zone- rural mjxed rural rural rural agrtcultura 1 
access area 1 (crop land/range) 

1.5 Near cluster ring Undeveloped Agr tcu ltura 1/ Agrtcu ltura l/ Agrlcultura 1/ Rural/ Agrlcultura 1/ Agrtcultural/ 
rural mhced rura 1/far. mtltUry open/"'ral pasture/rural/ 
(cropland) res tdent ta l 

1.0 flt '- 1usier Undeveloped Agricultural Agrtcu ltura 1/ Agricultural/ Agrtcu ltura 1/ Agrtcultura 1/ Rura 1/ranlJe/ 
gyadrJJnt (crop land/range) rural r1.1ra 1/fonsted rural rural pasture 

3.D LMr ~r.t;: gjiidrant llndeve loped Agrfcultural Agr,cu ltura 1/ Agrtcu ltura 1/ Rural/ Rural/ Agrtcultura 1/ 
rural rura 1/forested agr1cu ltura ta agrtcu ltura tb range/wet lands 

.... ,.,, <.O ~~r !!:Sl gyadranl Undeveloped Agricultural/ Agrtcu ltul'a 1/ A~rtcultural/ Agr1i;glturol/ Agrtcultura 1/ Agricultural/ 
J:> .......... rural residential rura 1/wet land rural OJ*!/ rur1 l' rural 

'-.V> (crop land/ range) 
..... 

"' ..... 
""" "' '-.o S.O R90d 11.nd railroad Unde ... e loped Agricultural/ Agricultural/ Agricultural Rura 1/ Rural Rural 

.., 
co~ ~ 

co c: rural mixed &grtcultura 1 "' 3 Q. 

"' 6.0 llt1lfties Undeveloped Agricultural/ Agrtcu ltura l/ Agricultural Rural/ Rural Jl:ural .., 
rural mixed agricultural ::::J ...... 

<! 
n .... 
::r . a Corresponds to State's western arc ... 
Q> b Corresponds to State's eastern arc 0 .,, ::::J .... 3 

"' "' ... ::::J 
~ ... ... 
• .... .... 
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Portions of the Arizona site are contained in three Wilderness Study 
Areas (WSA's). These are the North Maricopa Mountains WSA, the South 
Maricopa Mountains WSA, and the Butterfield Stage Memorial .WSA. The 
WSA's are characterized by desert, mountains, valleys, and plains that 
are predominantly natural in appearance with minor evidence of human 
activity. They provide outstanding opportunities for solitude because 
of their size and variation in topography. The WSA's provide opportuni
ties for primitive and unconfined recreation including hiking, backpack
ing, sightseeing, horse backriding, wildlife observation, and photo
graphy. The WSA's also provide important habitats for desert bighorn 
sheep and desert tortoise. In addition, several cultura 1 resource 
values are present, including portions of tha historic Butterfield Stage 
Route. lhe BLM has recommended that none of the WSA'' s be nominated for 
wilderness designation and subsequent protection. 

In addition, the SSC project study area in Arizona includes ELM lands 
that are managed for grazing purposes, including three allotments that 
would be directly affected by facil tty construct ion and two allotments 
that would be indirectly affected by either access road construction or 
potent i a 1 groundwater drawdOl~n caused by we 11 field pumping. 

Portions of the Illinois site would be located at the Fermi National 
Accelerator Laboratory (Fermilab) in Batavia, Illinois. Fermilab is a 
6,800-acre laboratory complex dedicated to high-energy physics research 
similar to that proposed to be conduct:!d by tile SSC. Fermilab's main 
component is the Tevatron, a 1-TeV particle accelerator and its associ
ated fixed target and collision detectors. The laboratory also includes 
a 15-story office and laboratory building and other infrastructure to 
support operations. Fermilab has been owned by the Federal Government 
since 1969. It is operated by the Universities Research Association 
(URA) for the DOE. Other land uses at Fermilab include a prairie 
restoration project, agricultural production in certain leased areas, 
grazing land for a herd of buffalo, and wildlife habitats. 

4.8.6 Prime Farmland Inventories at the SSC Proposed Sites 

Prime, unique, and farmlands of statewide importance are described as 
Important Farmlands (U.S. Departmer.t of Agriculture 7 CFR 657.5). Their 
identification is required to "account the adverse effects of Federal 
programs on the protect ion of farmland" (U.S. Department of Agriculture 
7 CFR 653.4). 

Prime farmland is defined in 7 CfR 657.5 as land'that has the best com
bination of physical and chemical characteristics for producing food, 
feed, forage, fiber, and oil seed crops. 

Unique farmland is defined in 7 CFR 657.5 as land other than prime farm
land that is used for the production of specific high value food and 
fiber crops. 
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Farmland of statewide importance is defined in 7 CFR 657.5 as land in 
addition to prime and unique farmlands that is of statewide importance 
for the production of food, feed, fiber, forage, and oil seed crops. 

Although prime farmlands are rigorously defined, the screening of farm
lands according to documented criteria (U.S. Department of Agriculture 
7 CFR 657 .S(a)) is not straightforward and may become inaccurate when 
the investigated area is as large as 7,700 acres (the generic fee simple 
area) and is so widely spread over the land surface. The actual prime 
farmland inventory is an estimate. Unique farmlands are included in 
prime farmland acreages when identified at a particular site. 

Since a majority of states have not yet defined criteria for farmlands 
of statewide importance, a general definition was used. This definition 
states that " •.• farmlands of statewide importance include those that are 
nearly prime farmland and that economically produce high yields of crops 
when treated and managed according to acceptable farming methods" (U.S. 
Department of Agriculture 7 CFR 657.S(c)}. 

Lands of secondary importance are practically all other lands with the 
exception of drastically unfarmable surfaces like gullied lands or lands 
on slopes in excess of 30 to 40 percent. 

Soils at the proposed Arizona site are characteristically coarse. This 
fact, combined with the arid climate, requires that additional water be 
supplied by irrigation in order to produce cultivated crops. The prime 
and important farmland inventories are.both equal to zero. 

Some of the soils not currently in production at the proposed Colorado 
site have favorable farming characteristics. The area of prime farmland 
is estimated at zero acres. Important farmland is estimated at 4, 198 
acres. Roughly one-third of the soil cover in the investigated area is 
represented by s.oils with substantial limitations for cultivated crops. 

The proposed Illinois SSC site has the most naturally fertile soil cover 
among the sites with prime farmland estimated to be around 3,076 acres. 
Important farmland is estimated at 212 acres. 

The proposed Michigan site has good agricultural soils but an abun~ance 
of surface waters that interfere with farming activities. Prime farm
land is estimated to be about 4,002 acres, and important farmland is 
2, 658 acres. 

Compared to other sites, the proposed North Carolina site is character
ized by soils with low natural potential for agricultural production. 
Therefore, liming, fertilization, and erosion-preventing management 
practices must be consistently used. The estimate of prime farmlands at 
the site is 4,374 acres, and important .farmland is 2,265 acres. 

The proposed Tennessee site is characterized by 
relatively low potential for cultivated crops. 
m<>ted to be 4,000 acres, and important farmland 
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The proposed Texas site is characterized by clayey soils. An estimated 
3,389 acres are classified as prime farmland, and 1,287 acres as 
important farmland. 

These results are sununarized in Table 4-23. Averages for prime and 
important farmland are provided by the Soil Conservation Service. 

Table 4-23 

PRIME AND IMPORTANT 
FARMLAND ACREAGES IN THE FEE SIMPLE AREA 

State Prime Important 

AZ 0 0 
co 0 4, 198 
IL 3,076 212 
MI 4,002 2,658 
NC 4,374 2,265 
TN 4,000 1,839* 
TX 3,389 1,287 

*The Tennessee important farmland acreage was estimatad using a'Jailab1e soil maps. 
Source: U.S. Department of Agriculture 'ram land Conversion Impact Rating Fann AD-1006. 

4.8.7 Planned Future Land Use 

The kind and amount of future planned land use at each of the sites is 
dependent on the status of existing land use plans, policies, and con
trols and the direction that change may take as implied from current 
land use .. Of the seven sites, only Illinois presents a situation where 
growth is triggering not only an intensification of current use, but 
also major changes from one ·Category of land use to a new higher 
development classification. The remaining six sites do not portray this 
kind of future growth. Table 4-24 presents interpretative data on each 
site's future planned land use changes without the SSC. 

1CHP4Y3368846 EIS Volume I Chapter 4 



-""' :c 
"'O .... 
-< w 
w w 
gi .... ..... 

-m -...... ....... .,, 
"' ..... < 
'-0 
oo~ 
00 c 

3 

"' ...... 

""' ::r 

"' .., .... 
"' .... 
.... 

Table 4-24 

FUTURE PLANNED LAND USE IN TKE REGIONS OF TKE SITE ALTER!lATIVES 
IN THE ABSENCE OF THE SSC* 

SSC PROJECT FACILITY AZ co IL HI llC 

1.0 ~ur Elu11~c 
llll!l!!:!!lt Ho change Ho change HlxedJUrb!n Mo cl'\ange No change 

I. I Cmpus area. A No change No change No change Ho cttange No change 

1.2 Injector area 8 No change No change Ho ch!nge Ho change No change 

1.3 Futul"e exJNlns ton No change Ho change Ho cMnge Ho change No change 
area C 

1.4 Buffer am/ Ho chlnge/ No change Mixed/urban No change No change 
burted bellll zone landf tll 
access aret 1 

1.S Nea1" cluttef' ring Itel change Ko change. Mixed/urban No cl'lange Ne chanp 

2.0 far cluster 
il!!llW! No change Mo change Ho change lfo change Mo cMnge 

3. O lgwr trc quadrant Mo change No change Ho change No change No change 

4.0 Uooer arc Clllldrlrl..t No change No change Residenttal/ No change No change 
agrieu,tura\/ 
no change 

5.0 BS!S 1ns! ra\l!JWI llo change Mo change No change Mo change No change 

6.0 Uttlittes No change No change Ho change Ho change Ho change 

•foncasted foT' the ye&f' tOOO 

TN TX 

No change No change 

Ho change No change 

No change No change 

Ho change No change 

Ho change Ho change 

No change llo change 

llo change ffo change 

No chenge No change 

Ho change No change 

No change No change 

No change No change 
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4.9 SOCIOECONOMICS AHD HifRASTRUCTURE 

4.9.l Socioeconomics 

The socioeconomic status at the propo~ed SSC sites can be described by 
tabulating statistics for the counties defined to be in the socioecono
mic region of influence (ROI). The ROI for the sites are: 

o Arizona - Maricopa (P), P:ima, and Pinal Cc1.mties. 

o Colorado - 13-county area, including Adams (P), Morgan (P), 
and Washington (P) Counties. 

o Illinois - nine-county area, including DuPage (P), Kane (P), 
and Kendall (P) Counties. 

o Michigan - 12-county area, including Ingham (P) and Jackson 
(P) Counties. 

o North Carolina - 20-county area, including Durham (P), Person 
(P), and Granville (P) Counties, and a portion cf southern 
Virginia. 

o Tennessee - 21-county area, including Bedford (P), Marshall 
(P), and Rutherford (P) Counties. 

o Texas - eight-county area, including Ellis {P) County. 

The primary irr.pacted counties are those hosting SSC facilities and arc 
designated (P). Although Williamson County, Tennessee, hosts a small 
segment of the ring, it is excluded from primary status due to sparse 
population in the part of the county affected by the SSC as compared to 
the rest of the county. 

Data used to develop these descriptions of the socieeconomics for each 
site appear in Volume IV, Appendices 5 and 14. The most recent publicly 
available statistics were used as tbe basis of these descr~ptions. 

4.9.1.1 Eco'lomjc Activity. labor Force. and Income 

Table 4-25 shows ROI economic statistics. 

4.9.l.2 Demographics and Housing 

Table 4-26 presents RGI popuaation trends as well as ho11sing details. 

4.9.l.3 Public Services 

Public services provided by local governments were analyzed based on 
October 1982 employment data. Such local public services include the 
administration, operation, and maintenance of the government, trans
portation systems, environmental and housing development, and utilities, 
as well as the services as detailed below. · 
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Table 4-25 

COMPARISON OF ECONOMIC STATISTICS IN TllE REGIONS 
Of THE SITE ALTERNATIVES 

Parameter AZ co IL Ml NC TN TX 

Tota 1 employment growth 117 .6 91.1 9.0 3.5 39.2 42.2 74.1 
1969-1964 (in %) 

Unemployment (In %, 1984) 4.1 4.8 8.2 10.4 5.8 6.6 3.8 

Employment by Sector 
(in1'. 1984) 

Services 25.4 24.6 26.5 25.8 21.2 23.7 23.7 
Manufacturing 13.2 12.0 19.3 22.7 24.2 19.8 16.5 
Construction 8.0 6.2 3.1 2.8 5.4 5.5 6.6 
Other 53.4 57.2 50.5 48.7 49.2 51.0 53.2 

Per capita personal inccme 14,557 17 ,696 16.932 15, 715 13,565 13,216 17,405 

(in FY88 $) 

Sources: Arizona Department of Economic Security 1988; Colorado Oepartrnent of Labor and Employment 
1988; !11inols Department of Employment· security 1988; Michigan Employment Security 
Conmiss1on 1988; North Carolina E1T'3lo)'tlent Security Cannission 1988; Tennessee Departw~nt 
of Employment Security 1988; Texas Employment C011111lsslon 1988; U.S. Council of Econanic 
Advisors 1988i U.S. Department of Car.nerce, Bureau of Economic Analysis 1966; Virginia 
Emp lo)'llent Comu i ss ion 1988. 
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Tallle 4-26 

COMPARISON OF POPULATION AND HOUSING IN THE REGIONS 
OF THE SlTE ALTERNATIVES 

rararn.;::ter AZ co IL MI NC TN TX 

Population 
(mi 11 ions) 

lSBO actua 1 2.13 1.82 7 .14 4.63 1.50 1.12 2.66 
19135 est imat2d 2.50 2.C4 7. 41 4.46 1.65 1.19 3.15 

Pc.pL<lat io!l growth 53.2 30.2 2.0 -1.8 13.8 13.5 19.3 
(1910-1930) 

(as % eif 1970) 

Total year-round 0.34 0 .73 2.7 1.7 0.59 0.43 1.0 
hc1.:s ·i rig uni ts { 19JO) 
{mi 11 it;>ns) 

Housina permits issued 34 18 5 4 18 16 31 
1981-lSSS 
% of .a.ctual Housi;ig 1980 

1980 vacancy rates (%) for 
yea:--round ho..:si;ig units 

available for occupancy 
- ow~er-clesignated 2.8 2.9 2 .o 1.3 1.4 I. 7 2.5 
- rer,ta l units 11. 7 7.7 6.4 7 .2 6.4 . 7 .3 10.2 

S,:. .. rcss: U.S. C::~JJ r tme:ot of Cumeri.:-e, B1;r·e.::iu of C-:nsus 1982a, !9C'b, 1S33, 1935, 19Gla, 1987/88. 
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An important indicator used is "Level of Service" (LOS). This is simply 
the ratio of government employment in a particular se.ctor to the total 
regional population. This concept is not without flaws. Varying 
degrees of out-of-region service provisions, differing levels of 
mechanization by government agencies, .varying levels of crime and health 
problems, etc., can distort the significance of the LOS as an indication 
of actual service provided. The measure is useful, however, as an 
indication of the magnitude by which regional population impacts would 
increase needs for local government employment. Table 4-27 presents the 
calculated LOS for each site ROI for the following services. 

A. General Education 

General education includes all services related to primary, secondary, 
and higher public education provided at the local level. 

B. Police Protection 

All local government enforcement of law and order are considered, 
including coroners' offices, training academies, investigation bureaus, 
and local jails and detention centers. 

C. fire Protection 

This category includes local government fire protection and prevention 
activities, as well as ambulance, rescue, and other services provided by 
fire protection agencies. Volunteer firefighters who receive compensa
tion per fire were calculated into full-time equivalent (FTE) values as 
part-time employees. 

D. Health 

Th'is category includes public services related to health including 
administration of local public health programs, immunization programs, 
health and food inspection activities, care institutions and public 
assistance programs for the needy, and county-operated medical care 
facilities which provide in-patient care. 

4.9.l.4 Public Finance 

Sources of income to the states are shown in Table 4-28. Taxes to indi
viduals are also tabulated. 

4.9.2 Infrastructure 

4.9.2.I Tran$portation 

A comparison of existing transportation systems among proposed SSC sites 
is presented in Table 4-29. 
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Table 4-27 

COMPARISON Of LEVELS OF PUBLIC SERVICE IN THE REGIONS 
OF THE SITE ALTERNATIVES AS MEASURED BY NUMBER 

JN GOVERNMENT EMPLOYMENT PER 1,000 POPULATION 

Parameter AZ co IL Ml NC TN 
(Number of C:"Tlployees per 1,000 population) 

General education 19 I9 I6 I7 20 15 

Poli~e prot~ction 3 3 4 2 2 2 

Fire protection 1 

Health 3 3 2 3 3 4 

All other• I l 9 IO 8 7 9 

TX 

21 

3 

3 

10 

3LLic:al go\/ernmcnt employees not previously clussificc!, including administration ar.d support staff. 

Sources: Arizona Department of Education 1987; Color:ido Departrrent of Education 198i; Illinois 

State Board of Education 1987; M·ichigan DepartmE:nt of Education 1987: North Carolina Board 

of Education 1987: Tennessee Oepart:nent of Educa.t ion 1987; Texas Educ at ion Agency 1987; 
U.S. Oi;p.Jrtmo:nt of Co111nerce 1984; V~1ginia Department of Education 1907. 
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Table 4-28 

COMPARISON OF STATE GENERAL REVENUES (FISCAL YEAR 1986) 
AMONG THE SITE ALTERNATIVES 

Parameter AZ co IL Ml NC TN 

(millions of dollars) 

Ger.era1 sales tax 1,459. 737 3,356 2,687 1,384 1,866 
Sales tax rote (%) 5 3 5 4 3 5.5 
Incane tax 

Individua 1 702 955 2,645 3,248. 2,207 67 
Corporate 171 117 860 1.450 512 269 

Motor vehicle relatsd 426 267 l, !86 923 620 4g5 

(Fuels and licenses} 

Other general revenues 1,847 2.473 8,237 8,300 4,181 3.188 

Sources: Comnerce Clearinghouse 1987; U~S. Department of COITTI~rce 1987b. 

a Sales tax rate increased to 6% effective FY 1987. 

TX 

4,328 
Sa 

NA 
NA 

1,655 

13,921 
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Existing Transportatio!\ 
Systems 

~ 

Closest major cfty 

Distance ar.d direction fro!ll 
carrr;>us to the geographic center 
of the closest major ctty (mi)l 

Closest Sll'.all city or town 

Distance and direction fron 
ca~s to the center of the 
cio:iest Sln911 city or tOWll {rr;i) 

Freeway/le l lw.!1)' acc~ss to 
site area 

Distance and dtrecttcn frm 
c;alltJUS to the closest f~way/ 
to 1 lway (1111) 

QuaHty of existing on-slte 
access roads 

Leve 1 of serv ke range on 
existing freeways/to11ways2 

Leve 1 of servtce range on 
existing four-·lane hlgt"Maysl 

Leve 1 of servfce range on 
existing two- l.lre hl9hways2 

Table 4-29 

COMPARISON OF EXISTHIG TRANSPORTATION SYSTEMS IN THE REGIONS 
OF THE SITE ALTERNATIVES 

Ar1zoru:. Coloracb Illinois Mtchtgan North Carcltna 

Pho~h: Denver Chicago ()etrott Durham 

35 tHlE 65 WSW 32 E S9 E 16 SSW 

Mobile Fort Horgan Batavia Stockbrt~e Butner 

5 N ZO N 3 'WN'J 3 NE 7 SSE 

l-10 and 1-8 1-76 and 1-90 and 1-88 1-96 and 1-9~ 1-65 
1-70 

9 s 21 H z s 9 s 7 SE 

Few roads, linpa'led p,yed Paved Paved and 
largely unpa~ed unpaved 

A - B • A • 0 B - C • 
H/A NIA A - D • A 

B - C • A - D B -·c B - D 

Tennessee Texas 

Hashvt lle Del las 

30 ~· 32 N 

Murfreesboro Waxahachie 

7 NE 6 NE 

1-24 and 1-65 1-35£ a;l\J 1--45 

5 NE ' E 

Paved and Hostly paved 
unpaved 

A - B A - B 

)> NIA A ...,, ...., 
"' A • C A - D n ..... 
"' c. 
,.,., 
"' < 
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"l 
0 
;;:> 
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COMPARISON OF EXISTING TRANSPORTATION SYSTEMS IN THE REGIONS "" -< w OF THE SITE ALTERNATIVES 

w 
w 
co 
co 
UI 

"' Extsttng Transpartat tGn 
Syst8119 Artzona Colorado J llinols Hlchlgan North Caroltna Tennessee Texas 

Bill 
Ktll'ber of rat 1 1 tnes 
serving the site area 1 2 5 3 3 2 5 

£xtsttng stding/ratl spur 
In the site area Mobile Fort Norg.an Fennt lab Jackson North of Murfreesboro Waxahaclile 

Rougem:mt 

Distance and dtrectton from 
the; ~ to the closest 
existing stdtng/rafl spur (ml} 5 N 19 " 0 15 SW 7 w 6 NE 6 NE 

Closest city tn the stte 
area with passenger ran 
service · Phoenix Fort Horgan Napervt lle Jackson ttone None Dallas 

!!! 
Closest major airport Phoenix Sky Stapleton O'Hare Oetrott Ra lelgh·Ourham Nashvt lle Dalllls/Ft. Worth 

Harbor International International Metr-opoHtan Matropo 1 it an International 

Distance from Clq)US to the 
closest 1111jor airport (1111) 35 NNE 60 WSW 22 NE 45 ESE 25 s 28 NNW 39. .... ,..,., 
Closest general aviation air· > .... _ ..., 

'"' field with corporete jet ...... ..., 
capabtltty Cua Grande Fort M.lrgan DuPage Jack.son Person County Smyrna Lancaster "' -..< ,0 n .... 

co~ Distance fl"GI caq>us to closest "' co c generel avtatlcrt airfield with 0. 
3 corporate jet capabt 11ty (m1) ~OE 25. 6 N 16 SW 131111 16 NNW 21 NE 

"' 
,..,., 
:::> - < -· ("") "'! :::r 0 
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""' 3 .... ct> 
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' 00 
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Ta~le 4-29 (Cor.~) 

COHPARISCN OF EXISTING TRANSPORTATION SYSTEMS JN T~E REGIONS 
OF THE SITE ALTERNATIVES 

Ex1stln!i1 TranSport.:itton 
Sy1t1.,,. Art zone Coloredo I 11 lnc1.J Mtchtgan tfllrth carol ina 

Watentayo 

Pott serving the stt• area: Nooe Hom1 Chicago Detroit Ports."Duth, \'A 

Dlst1nce from camous to the 
closest port (ml) NIA NIA 35E 58 E 110 ENE 

Taxi 1ervtc1 to the atte area Ho No Yes No No 

~~Jtc Tr51n§1!5!rtat1on 

Sus and/or transit cc-11ruter 
st:rvtce w1th1n the site 1rea No No Yes No Ho 

1. All distances are pres?.nted as direct straight line distances froo the propo!:cd cat!;)us location 
2. Level of Service: 
A: Free flON tilth tndivlrll;oil ustrs virtually unaffected by the preseoce of ot!iers In the traffic !treom 
6: Stable flow but the p1esence of other users tn the traffic stream bf.ogin<i to be noticeable 
c~ Stable flOllf but oper.stlons of lndhldual users becorres stgnifkantly affected by interactions 1"lth others ln 

tne trafflG flow 
D: ~tlgh density, but stable flO'lf with speed and freeOOm to maneu·Jer severely restricted and the driver eyperlences a 

generally poor level of carrfoi-t and cvnvenlence 

Source' VolllTI! IV. Appendix S, s.ttlor.t !.l.11.2 through S.7.11.1. 

Tennt:isee Texos 

~shvllle Houston 

35 N~"tl 110 SE 

No Ho 

No NO 
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A. Roads 

The proposed sites are typically located in rural areas near large 
metropolitan areas. The exception is the Illinois site which straddles 

.a dividing line between rural areas to the west and urban areas to the 
·east. All of the proposed sites are within reasonable driving distance 

(approximately I h) of major cities. 

One or two freeways/tollways are ava i1 able at each proposed site to pro
vide access from the nearby metropolitan areas to the general site 
region. These freeways/tollways generally pass close (2 to 9 mi) to the 
sites. One exception is the Colorado site, which is approximately 21 mi 
from the closest freeway. These freeways generally experience some 
traffic congestion during peak hours near the metropolitan areas, with 
the quality of service improving with distance from the metropolitan 
areas. For the most part, the level of service is sufficient on the 
freeways and tollways in the regions of the proposed sites. 

Federal four-lane, rural highways are available 1n Michigan, North 
Carolina, and Texas to provide access to and/or through the proposed 
site regions. These highways experience a good quality of service dur
ing peak hours. In Illinois, a number of State and local four-lane 
urban highways are available in the eastern half of the proposed site. 
These highways and roads in Illinois generally experience a good to 
moderate quality of service; hm~ever, some s igni fi cant congest ion occurs 
at local points during peak hours. 

A network of Federal and state two-lane highways is generally present to 
provide access between freeways and small cities and towns within the 
site region. Highways currently experience a good to moderate quality 
of service during peak hours. Exceptions include Arizona, Colorado, and 
Illinois. Arizona has paved highways surrounding the site region, but 
only one dirt road crossing the site. Colorado has only one paved high
way crossing the site and a network of dirt roads. The eastern half of 
the Illinois site has an extensive network of two-lane, Federal and 
State urban highways. Some of the highways in Illinois experience con
gestion at local points during peak hours. 

Local roads range from a limited number of dirt roads in Arizona to 
almost totally paved roads in Illinois and Michigan. A number of high
way improvements are currently planned for the proposed site regions 
with or without the SSC. In Arizona, a portion of the Maricopa-Gila 
Bend Road is currently being upgraded from a dirt road to a two-lane 
highway to provide access to the new hazardous waste facility under con
struction. In North Carolina, the Durham Northeast Loop, a four-lane 
freeway, will be constructed in the late 1990's from 1-85 to the planned 
new community of Treyburn. 

In Tennessee, a new Interstate Highway 840, is planned as a southern 
belt around Nashville. 1-840 will be constructed north of the proposed 
site in the late 1990's. In addition, U.S. Route 231 from Murfreesboro 
to Shelbyville, Tennessee, will be expanded from two to four lanes in 
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the late 1990's. In Texas, a 4-mi section of l-35E from 1-20 to south 
of Belt Line Road in Dallas County will be expanded from four lanes to 
six lanes in 1991. In addition, U.S. Route 287, northwest and s-0utheast 
of Midlothian, will be expanded from two lanes to four lanes in 1989. 
Major free1'/ay and highway improvements a.re currently planned in the 
Fhoenix, Denver, Raleigh-Durham, Nashville, and Dallas/Fort Worth 
·met ropo 1 i tan areas. 

i\.11 of the proposed site regions are served by one or more rail 1 ines 
equipped with existing sidings/rail spurs. Many of these rail lines 
cctually cross the proposed sites. The Illinois site has an existing 
rail spur that serves the Fermilab property close t-0 the proposed site. 
Sidings/rail $purs are located within 15 to 20 mi -Of the proposed campus 
location in Color<:do and Michigan. The remaining sit<:?s have existing 
sidings/rail spurs within 10 mi. 

AMTRAK passenger raij service is available in nearby cities for all pro
posed sites except North Carolina and Tennessee. In addition, regularly 
scheduled passenger rail service is availab1e in Michigan along the 
Detroit-(hicago rail corridor that passes through Jackson and Jl,nn f1rbor. 

C. tir 

,~11 proposed site regions are served by airports that are major hubs in 
the U.S. transportation syste:n or are quickly becoming established as 
hubs. Therefore, good airline transportation ser;;ice is available to 
all of the sites either through direct flights or single connections. 
The straight-line distances from these airports to the proposed sites 
vary from 22 mi in Illinois to 60 mi in Colorado. 

All airports sen'in9 proposed site regions are gro>ling rapidly. Tvw 
airports in North Carolina and Tennessee experience 6nly minimal delays 
to schedu1ed airline service. The remaining airports are congested and 
experience greater delays. A·irpc;rt extiar.sions, i:.c1uding construction 
of me·,; nnways, are planned in Arizona, Michir;ar, and Texas to reduce 
congestion. In Colorado, con5truction of a n2w airport is expected to 
l•egin in 1989 to alleviate congestion and to serve the forecasted signi
ficant increase in future demand. At the present tl~e, there are no 
plens to construct additional runways at O'Hare Intcrcational Air~ort in 
Illinois. 

Ml cf the proposed site regions are served bf nearby general aviation 
airfields capable of handling small, corporate jet aircraft. The 
straight-line distances to these fields from the proposed ca~pus loca
ticns vary from 6 mi to the DuPage County Airpcrt in Illinois to 30 mi 
to the Casa Grande Municipal Airport in Arizona. Additional general 
aviation fields capable of handling small piston-engine aircraft are 
also located near most of the proposed sites. The cities of Waxahachie 
and Midlothian, Texas, are pl~nning to start construction in 1989 on a 
new geaer1l aviation airfield located above the proposed callider ring 
~ear the location of intermediate access shaft E2. 
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D. Waterw~ 

Water-borne transportation is not directly available to any of the pro
posed SSC sites. The Illinois, Michigan, and Tennessee sites are served 
by ports located in Chicago, Detroit, and Nashville, respectively. 
These ports are located from 35 to 60 mi from the proposed campus and 
require rail and/or highway transportation to transfer cargo to the 
proposed sites. The ports at Chicago and Detroit provide access to 
oceangoing ships through the Great Lakes/St. Lawrence Sea,iay System, 
while tlrn port at Nashville provides access to river barges on the 
Cumberland River connected to the Mississippi, Ohio, and Tennessee river 
transportation systems. The North Carolina and Texas sites are served 
by ports at Portsmouth and Houston, respectively. These ports, located 
from 120 to 210 mi from the proposed sites, provide access to oceangoing 
ships. Neither the Arizona nor Colorado site is served by a deep-water 
port. 

E. Public Transportation 

Public bus and other transit services are generally not available to 
proposed SSC sites. Typically, service is available ill the nearby large 
metropolitan areas but does not extend out to the proposed site areas. 
The except·ion is Illinois which currently has public bus and rail rapid
transit service available to some communities along the fox River Valley 
close to the proposed campus; however, service is not provided directly 
to the Fermilab campus. 

Taxi services are also generally not available to the proposed SSC 
sites. One exception is Illinois which has taxi service available 
throughout the fox River Va 11 ey, including the proposed campus location. 
Limited taxi services are available in small cities near all the sites 
except Arizona and Tennessee. limited airport limousine service is also 
available from small cities near the Illinois and Michiga~ sites. 

Rental car services are generally available at the major airports and 
other locations in tile nearby major metropolitan areas for all proposed 
sites. These services currently provide primary transportation for 
visitors. Additional limited services are available in small cities 
near all of the proposed sites. 

Ride-sharing, carpool, vanpool, and park-and-ride lot programs are typ
ically coordinated and/or sponsored by public agencies in the nearby 
metropolitan areas. Except at the Illinois site, these programs gener
ally do not extend o~t to the proposed site areas. 

Para-transit services for aged and handicapped citizens are typically 
available throughout the nearby major metropolitan areas. These ser
vices extend to the proposed site area in Colorado, Illina·is, North 
Carolina, and Tennessee. Ser¥ices typically offer demand response 
door-to-door transportation in vans or small buses to prequalified 
citizens. 
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4.9.2.2 Utilities 

A comparison of existing utilities systems among the proposed SSC sites 
is presented in Table 4-30. More detailed information and references 
are presented for each of the proposed sites in Appendix 5, Sections 
5.1.11.2 through 5.7.11.2. 

A. Electricity 

Each proposed SSC site is served by a fairly complete network of high
voltage (HV) and/or extra-high-voltage (EHV) transmission lines. 

The capacities of the utilities are further augmented by their member
ship in one of the North American Electric Reliability Council {NERC) 
regions. The stated goals of this organization include the opportunity 
to preserve the stability and reliability of the member systems, and the 
desire to promote adequate reserve margins for each. Individual network 
capability is backed up by regional interties to neighboring electric 
utility systems (North America Reliability Council 1987). 

The majority of electric utilities have planned for future additions to 
generating capacity. For most states, additional capacity is due on-
1 ine by the mid-1990's. For Illinois and Michigan, it is due by the end 
of 1988; for Arizona, it is due by 2005 (Arizona Public Service Co. 
1986). 

Arizona has planned to construct several new 230-kV transmission lines 
and substations, including a new 230-kV line between the existing Santa 
Rosa and Gila Eend substations which will serve the SSC. Construction 
is scheduled to begin in 1996, with a planned in-service date of 1997 
(Arizona Public Service Company 1988; U.S. Department of the Interior, 
Bureau of Land Management, no date). 

Pl ans are currently under way to re 1 i eve heavily 1 oaded transmission 
lines northeast of Denver by uprating certain existing line sections and 
to construct a new 230-kV line between the Ault Substation and the 
Ft. St. Vrain Switchyard in the next 3 to 5 years (Eastom 1988). 

B. Natura 1 Gas 

Each proposed site is served by a network of natural gas pipelines cur
rently supplying both the sites and the surrounding regions. Table 4-30 
lists the regional suppliers to each state's proposed site. 

C. Teleccw.rnunications 

Each of the proposed sites is served by at least one major telecommuni
cations carrier. In several states, the telecommunications lines pre
sently available are fiberoptic lines; in others, these are being phased 
in on an on~going basis. 
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Table 4-30 

CO"PARISOH OF EXISTING UTILITY SYSTEHS IN THE REGIONS OF THE SITE ALTERNATIVES 

Par1111eter 

£1tGtrtctty 

Regional uttltttes 

Total e1pectty of Hrvtnv 
utilities (HWJ 

NERC i-eaton warberahtp 

Capacity of HERC 
region (IWJ 

Serving substat lon::s 

Construct ton power 
1v1tl1ble (kV} 

Future upgradas/ 
ed<llt1ons (IWJ 

Arizona 

lu.,S. SRP 

4,SOO 

llStt 

14.500 
{AZ portion) 

S!inta ltosa/ 
Gt11 Bend 

69 

340 
(by ZOOSJ 

Colorado I 1 ltnots 

PSco, Tr1-State, eon..m.e. lth 

laEA Ed ts°" 

4,900 Zl ,400 

wscc HAIN 

2,357 48.100 
(CO porttcnJ 

Story l Pnmn/ Existing 

Btg S.nd7 & f11nRI 1.t.b 
Daniels P1rk 

12.5 12 and 34 
and 115 

695 1,100 
(mld·sO's) (by 19881 

PHchigan North Caro 1 tna Tennos.ee 

CPCo, oiae, Ptednont TVA 
Detroit Ed1son Cl'IL 

15,500 29,liOll 32.100 

ECAA st:P.C SERC 

93,500 137,000 137 ,000 

Agerlta· Roxboro- Rutherford/ 
Majntte/ Method/Person· MIU:"y 
T~t:is tlE-nderson 

25 and 13.: 23 46 

11100 1.000 4,800 
(by 1960) (mtd-90'sJ (mld-90'sJ 

r .... 

TU Electric 

19,400 

ERCOT 

47,400 

8 tg Brown end 
Yenus/L llft!!!stone 

and Vatennt 11 

es 

5,000 
(by 19S6J )> ..... ..... 
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Table 4-30 (Cont) 

COMPARISOH OF EXISTING UTILITY SYSTEMS IN THE REGIONS OF THE SITE ALTERNATIVES 

Paralll!!lter 

Natural Gts 

Regtonal auppHers 

Comnunlcations 

Regional utf Htfes 

Closest switching ce11ter 
(and distance) (mt) 

Type of te lecaftllrn teat Ions 
line presently &~ail&bie 

ArtzoM Coloracb 

APS C!G 
Southwest Gas . PSCo 

E 1 Pua Natural Ga.3 
SJIP 

Black Mountain Nat. Gas 

Mountain Bell Mountain Bell 
AT&T AT&T 

Wtggtns Tt!l. Co. 

Maricopa Fort Morgan 
(Z3) (20) 

Copper Cable Copper Cab le 

Illtnots 

NJ Gas 

J lltnots Be 11 

Geneva 

(5) 

Fiber Dpt 1c: 

Mtchfgian 

Cl'to 
Michigan Con
so 1 idat1ld Ga'9 
Southeastern 

Micht;an Gas 

Michigan Bel I 
Alltel Michigan 
General Te1e-

phone of Htchlgan 

Stock.brlc!ge 
(3) 

Copper Cable 

North Caro 1 tna 

PSHC 

GTE Sooth, 
Centra 1 Te le· 

phoM 
Southern 

Bell 
CaroHna 
Telephone 

Roxboro 
(IS) 

Copper Cab le 

Tennessee Texas 

lktfted Cfttes lone Star 
Gas CO. Gas Co. 

South Cintra 1 
Bell 

Murfreesboro 

(7) 

Fiber Opt~c 
topper tab le 
Digit1 l Radio 

Route 

Valero Energy 
Corp, 

Texas 

Utt Httes 
Fuel Co. 

Souttn.estern 
Bell 

COKTEL 

Waxahachie 
(6) 

Fiber Optic 

topper Cab le 
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4.JO CULTURAL AND PALEONTOLOGICAL RESOURCES 

4.10.l Cultural Resources 

4 .10 .1. l Known Natjonal R~g i ster Sites/Sacred Sites 

Only limited cultural resource s;u·veys have been conducted at the pro
posed sites. All sites have recorded properties which have not. been 
thoroughly evaluated against the N<J.!..i!lnal Register. None of the pro
posed sites has had a complete intensive cultural resource survey. 

No Native American sacred sites have yet been identified at any of the 
proposed SSC sit es, a1though buri ells are known from archaeological sites 
within the vicinity of several of the project area:s. 

The Butterfield Stage Coach route and the Juan Bautista de Anza Hi1toric 
Trail are historic thoroughfares which cross the proposed Arizona SSC 
site and could be eligible for the National Rggj_ster (U.S. Department of 
the Interior, National Park Service 1985). In Colorado, six recorded 
hi sto1·ic sites located along proposed access roads are considered el i
gible for the Natjonal Reg_iste.r (Joyner 1988). In Illinois some 
recorded sites are currently being evaluated. In Michigan three resi
dences, the Springman Centennial farm, the Cady Centennial Farm, and 
structure "R-516", are considered eligible for the tlation_i!.L.Reaister. 
One of these, the Springman Centennial Farm, is located in the proposed 
injector area; the other two sites, th>J Cady Centennial Fa.rm and the 
structure recorded as R-516, are located within I/~ of a mlle of the 
intermediate access E6 and the future expansion area, respectively. In 
North Carolina, the Dudley Cunningham house, locati;d within the proposed 
far cluster, may be eligible. In Tennessee, the Sanders Farm, located 
within the future expansion area, and the historic archaeological site 
referred to as the Spajn Ranch, located in the campus area, are con
sidered eligible for the National Regi~t~r (Fie.Ider, Prouty and Spires 
1988). No properties in the Texas project area: have yet been considered 
for National Register status. 

4.10.1.2 Research in Proposed Proj0ct. . .Areas and Significance Potential 

Major BLM environmental overviews pertaining to the proposed Arizona 
project area involve the lower Gila South Resource Management Plan (RMP) 
and the Wilderness Environmental Impact Statement (U.S. Department of 
the lnterirJr, Bureau of land Management 1985, 1987). Three hundred and 
ninety sites were recorded on BLM lands and over 20,000 were predicted 
within the entire BLM study area whic!i includes the proposed SSC site. 
Several phases of field research at the propo~ed Arizona SSC site have 
been completed by Arizona State University (Schakley and Rice 1986; 
Bostwick 1986). Seven pr<:historic sites have been located: a l ithic 
quarry, two base camps, two siierd scatters, one site with rock pi 1 es and 
sherd scatters, and one site with rock piles. The ten historic sites 
identified include the route of the Butterfield Stage Coach line which 
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Is associated with Anglo-American settlement of the southwest, and por
tions of the Juan Bautista de Anza Historic Trail which is associated 
with Spanish settlement of California. Other historic sites include 
five historic structures (of which one remains standing in the proposed 
SSC campus area) and three scatters of historic artifacts which reflect 
attempts made during the 193D's to establish homesteads on the plains 
near the Maricopa Mountains. The history of homesteading is an impor
tant process in the Euro-American settlement of the arid southwest. 

lntervi~ws with elders and religious !pecialists among the Native 
American groups residing near the proposed site suggest that the 
Maricopa Mountains are viewed as wilderness, but no sacred sites have 
been identified (Bahr n.d.; Butler and Fletcher n.d.). 

B. Colorado 

Thirty-eight historic and archaeolcgical. properties are currently 
recorded within the general vicinity of the proposed Colorado SSC site 
incl~ding 22 prehistoric archaeological sites, three historic archaeo
logical sites, nine sites with historic standing structures, three 
historic cemeteri~s, and an archaeological site with both prehistoric 
and historic components. Two of the prehistoric sites contain burials. 
With the except ion of the Fort Morgan Post Office and the Rainbow Arch 
Bridge in Fort Morgan, which are listed on the Nationil Register, none 
.;;f these sites ha'ie been evaluated. Jl.mo:ig the sites reccrded as to 
dat0, only one campsite is recorded as potentially within the boJndaries 
of the proposed collider ring. 

Local residents and amateur archaeologists report several additional 
historic sites near the proposed Colorado SSC site, including two ceme
teries, throe schools, and an area referred to as God's Half Acre. 
located nea.r intermediate access E-4 is Steyaert Ranch which is said to 
contain 12 to 15 Native American sites. At least six graves are located 
on l·:ough Farms within the expansion area. The Pleasant Ridge School is 
within the collider ring easement between F-1 and E-2. None of these 
sites have been evaluated. 

During an archaeological survey cf portions of the proposed new roads to 
tha proposed Colorado SSC site (Joyner 1988), seven prehistoric sites 
and ten pr£histcric isolated finds were identified in potentially 
affected areas. Six of the sites are open lithlc scatters; the other is 
an open 1 ithic/ceramic scatter .. As a resu1t of a corresponding historic 
survey ten sites were recorded: six i rri gat ion ditches and can a 1 s, two 
schools, one grange hall, and one·barn. In consultation with the 
Colorado Office of Archaeology and Historic Preservation, six of these 
sites were considered eligible for the National Register: Speer Canal, 
Fort Morgan Canal, Heres Canal, Denver Hudson Canal, Sunnydale School, 
and the Work Family Barn. 
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C. Illinois 

Prior to the siting studies for the proposed Illinois SSC site, 88 pre
historic sites were recorded in the nearby townships. A systematic sur
vey was conducted prior to construction of Fermilab (early 1970) and the 
remainder of the Fermilab property was recently surveyed (Jeske 1986). 
SSC-related field work completed to date has focused on potentially 
affected areas of the collider ring. Seventy-eight prehistoric sites 
have been identified in the project area. One ·site was identif·ied in 
intermediate access area E2. Twenty-fl ve sites have been i dent i fi ed 
within the far cluster, two within the near cluster, and three within 
acquisition lands near the Fermilab complex (McGimsey et al. 1986). 

Sixteen sites could be affected if alterations are made to the location 
of the proposed collider ring. This could involve three sites located 
near intermediate access area E2, two each near service areas F3 and F4, 
five sites in the far cluster, and four sites in the near cluster. In 
addition, 11 historic archaeological sites have been identified and 
verified to date within the project area. Ten historic cemeteries have 
also been identified near the proposed site. One of these is located on 
the Fermilab property and one is within the easement corridor of the 
collider ring alignment. 

All unincorporated rural sections associated with the proposed Illinois 
SSC site have been surveyed during previous historic structures surveys 
(Illinois Department of Conservation 1972a, 1972b, 1974a, 1974b). Of 

.the 587 standing structures in the project vicinity, only five 
structures lie within areas designated for intermediate access, service 
areas, buried beam zone access, or interaction points. One historic 
structure is located at the proposed intermediate access E7, one each at 
service areas F4, F7, and F9, 37 within the near cluster, 37 within the 
far cluster, 30 within beam absorber easement areas, one at J4, and 62 
in the collider ring easement. 

D. f:lichigan 

One hundred and twenty-five prehistoric archaeological sites are 
recorded within the vicinity of the proposed Michigan SSC site; however, 
an intensive archaeological survey has not been undertaken at potential 
impact areas. Seven recorded sites are located within the proposed 
facilities boundaries. One site each is located in the area of 
intermediate access E3, intermediate access E2, service area Fl, the 
near cluster, and the buried beam zone; two are located within the 
collider ring easement. A minimum of 82 historic archaeological sites 
of varying potential are predicted within the project site. 

As a result of an intensive historic buildings inventory, a total of .243 
structures were evaluated. One hundred and twenty-one are located 
within the proposed Michigan SSC site.· Three of these structures could 
meet National Register criteria. The Cady Centennial Farm, an example 
of 
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Greek revival architecture, is situated adjacent to intermediate access 
E-5. Located within 1/4 mi of the future expansion area is a struct~re 
(R-516) which Is an example of Gothic Revival architecture. The Spring
man Centennial Farm (R-104), located within the proposed injector area, 
is an example of the "gabled ell" type. 

Essentially no intensive archaeological survey has been undertaken in 
the act1ial proposed North Carolina SSC project area and data are not 
available to predict numbsrs or projected locations of cultural 
resourcees. Extensive historic structure surveys have been completed in 
Granville and Durha~ Counties. Eighty-nine prehistoric and historic 
archaeological sites have been previously recorded in the vlciriity 
i11cl11ding part of the Bennehan-Cameron Plantation, a site determined to 
be eligible for listing in the National Register. Historic properties 
Ir.elude hous€s, mills, a church, a grove, a bridge, a tobacco factory, 
t\'o 1;1asonic lodges, a courthouse, a depot, and a historic district. One 
site, the Dudley Cunningham House, is located between ii1termediate 
access E6 and service area F6. 

Recorded archaeological sites in the vicinity of the proposed Nort11 
Carolina S~C site indicate that the prehistoric chronology is repre
sented by· all phases of the Archaic and Woodland Periods. In addition, 
it is likely that historic archaeological sites are present. Cn the 
ba,;is of information ~.vailable from historical resource surveys, it 
appears that the significant historic structures in the proposed project 
area illustrate vernacular examples of Georgian, Federal, Greek Revival, 
Victorian, and early 20th-century revival architectural styles. His
toric cemeteries are common in the project vicinity. 

F. Tennessee 

Twenty-six previously recor~ed archaeological sites are located in the 
vicinity of the proposed Tennessee SSC site in the area. Several 
archarn logical surveys have been undertaken nearby (Ward 1982, I 985a, 
1935b; Duvall 1983; Faulkner and Mccollough 1973; Klippel, Elmendorf and 
Graham n.d.; Dickson 1976; Jolley and Newman 1982). Historical inven
tories have been completed by the Tennessee Historical Commission 
pertaining to State Route 99 (Slater 1985). 

The 7enr.essee Division of Archaeology conducted a reconnaissance survey 
of prehistoric and historic archaeological sites within the proposed 
Tennessee SSC site (Fielder, Prouty and Spires .1988}. Three prehistoric 
archaeological sites were identified. Two sites are located just out
side the co11 ider ring near intermediate access ElO. Another site is 
located on a terrace along North Fork Creek within the proposed far 
cluster. Eighteen possible historic archaeological sites, including the 
Thomas Spain Ranch, are located within the campus, injector, and future 
expansion areas; 25 pot•ntial historic archaeological sites are in the 
far cluster (Fielder, Prouty and Spires 1988). 
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The Tennessee Division of Archaeology and the Tennessee Historical Com
mission also conducted a reconnaissance survey to identify historic 
structures. Forty buildings were rec-0rded in the future expansion 
areas. One farm complex, the Sanders Farm, is considered to be eligible 
for the N3tional Register. The survey also noted a total of 10 ceme
teries near the project area dated from 1813 to 1856. 

F. Texas 

Several recent studies near the proposed Texas SSC site are indicative 
of the cultural resources which could be located'in the area. The Texas 
Archaeological Salvage Projeet conducted archaeo1ogical studies before 
the construction of lake Bardwell; 15 sites were located (Shafer 1964) . 

• ~rchaeol ogi cal studies were undertaken prior to the construction of 
Lakeview Lake, located partially in Ellis County; 17 prehistoric sites 
and 25 historic sites were located. A similar study of the Richland 
Creek Reservoir recorded 447 archaeological sites and 488 historic sites 
(Raab et al. 1982}. 

A historical survey of the nei:.rby city of Waxahachie identified l,988 
structures which predate 1935 (Hardy, Heck and Moore 1985a}; 85 of these 
buildings have been listed on the National Register. The city of Ennis 
similarly features 1,286 historic structures including National Reaister 
properties (Hardy, Heck, and Moore l985b). 

The Texas State Historic Preservation Office literature search and 
r~connaissance survey of the proposed Texas SSC site identified 17 
recorded prehistoric archaeological sites. Historic structures include 
houses and farmsteads, a cemetery, a truss bridge, and a cotton gin/ 
weigh station. None of these will be directly affected by SSC activi
ties. Information from previous studies within the Texas SSC study area 
and nearby indicate that archaeological site density is low in upland 
prairie envi.ronments such as the project vicinity. However, all pre his
tori c cultural periods are likely to be represented. Those sites which 
have been identified are usuaily situated along larger str2ams such as 
Mustang, Waxahachie, and Chambers Creeks, or adjacent to perennia1 
sprfogs. 

Historic farmsteads dating from 1850 tQ 1935 are present within the 
project vicinity and may contain a variety of structural types. Other 
rural historical resources include mid-19th or early 20th-century cotton 
gins and weighing stations, churches, cemeteries, and bridges, gas sta
tions, and grocery stores. A brief field reconnaissance of the project 
vicinity indicates that rural historic resources are more densely con
centrated in t'he north, east, and centra1 sectio!'ls of the project site. 
No information is available pertaining to historic archaeological sites. 
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4.10.2 Paleontological Resources 

4.10.2.l Scientific Background and Known Paleontoloqical Localities 

A. Arizona 

No known paleontological localities have been recorded in the proposed 
Arizona SSC project area. 

B. Colorado 

The Pleistocene alluviums at the proposed Colorado SSC site have pro
duced large mammal fauna including mammoth, camel, horse, buffalo, and 
small ground mammals (Hunt 1954; Scott 1962, 1963). The Peoria Loess 
has produced giant ground sloth, peccary, camel, horse, and badger and 
other.small mammals. Holocene deposits, such as the Piney Creek Allu
vium, have produced faunal material. Petrified wood ·and isolated bone 
fragments were recovered from nearbr streams (Indeck 1988). 

One Mesozoic invertebrate fossil locality is located near the proposed 
Colorado SSC site in the Pierre Shale, on a tributary drainage to Badger 
Creek (Sharps 1980). Fish and marine reptile remains and part of a 
mosasaur have been recovered from the Pierre Shale near Flagler. 

The late Cretaceous Fox Hills Sandstone is not present in the area of 
the proposed Colorado SSC coll ider ring but is potentially affected by 
access road construction. Fossil plants, invertebrates (marine mol
lusks), fish-scales and vertebrae, sharks' teeth, and an insect are from 
the Fox Hills Sandstone. The Laramie Formation and the Denver Formation 
occur tn areas associated with proposed SSC roads (Indeck 1988). Fish, 
amphibians, reptiles, mammals, and dinosaurs have been recovered from 
the Laramie Formation. The Denver Formation has produced late 
Cretaceous leaves and dinosaur bones, and Paleocene leaves, and mammal, 
reptile and amphibian bones and teeth (Brown 1962; Midd1eston 1983). 
Core samples from five areas in the vicinity of the proposed SSC site 
revealed upper Cretaceous trace fossils, including gastropods, 
brachiopods, pelecypods, and ammonites (Kaufman and Batt 1987). No 
ether known fossil localities are located in the proposed SSC collider 
ring. 

C. Illinois 

At the proposed Illinois SSC site, fossils within the Quaternary drift 
stratum would have the greatest potential for being affected by con
struction. The Grayslake Peat may contain pollen, plant macrofossils 
and vertebrates (King 1981), which generally underlies swamp areas. The 
Cahokia Alluvium has produced vertebrate fossils and molluscan shells 
{Hajic 1981; Graham et al. 1981). The Equality Formation has produced 
vertebrate, invertebrate and pl ant foss i1 s (Heinrich 1982). The Henry 
formation has produced vertebrate foss i 1 s (Parmalee 1967). The Batavia 
Member of the formation produced a mastodon, plant macrofossils and 
molluscan remains from outwash deposits recorded near the project area 
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(Keyston l966t. The Wedron funnatii·on occasionally produced fossH 
vertebrates, moHusts,, and pollen in •ootwash deposns, Thirteen fussH 
localitiies a.ear to the plloposed Hlim>1s SSC slte containi!d vertebrate 
fossils, pal eobotanical l"E!llla i·ns, and mol liusks. 

D. Michigan 

At the propnsed MidihJalJll SSC site, glacial remnaflts sudl as 1 akes, bogs, 
and swamps, and aquatic kettles and basins may be filled w;tn late 
Pl ei stece11e ll'eat, 1m1ct, and .marl deyusits. These may also contain 
mammoths and mastocllon remains. 

Fossils are abu11dant at seme exposures of the lower Pennsylvania Saginaw 
formation; the Grand Ledge exposures have produced four major primitive 
plant groups a111I invertebrate fossils (KeHy 1936; Oorr and Eschman 
1971). 

The Mississippian Marshall iformat•on has produced fossils at nearby 
Stoney Point Quarry includh!g amrnon0Hls, dams, cr;noids, na11ti1oids, 
and ostracods. The B1ue R•1f9e 61 acial Esker has produced abandant clam 
and invertebrate foss1ls. 'file i'ClssissiJlpian MicMgan formation and 
Bayport Limestone have proclt1ced fish fessfls. The Bayport limestone has 
also produced plant remains (!tllrr artd ·Esd1111an 1'971). 

Pleistocene fossils pn!vioasly located in l!llgti:am, J.ac'kson, lhifogston, 
and Washtenaw Counties include: giant beaver, meadow vole, 11111sk:rat, 
American mastodon, Jefferson mammoth, peccary, elk, deer, moose, wood
land musk ox, and white sucker (Holman 1979, 1986; Skeels 1962; MacAlpin 
1940). 

E. Nortl! Carolina 

According to tll1e fllortlh 1Carnlina 'Geological Surtey there are no critical 
paleontological sites within the proposed project area. 

F. Tennessee 

At the proposed lfenness:ee SSC s'ite, the Ordivi-cian 'Stones River Group 
consists 1111ain~ y of 1 i111est.1>ne beds as does the ~ashvil1 e Group which c1ln
ta ins invertebrate fossUs. Corals are also present {flHler 1'974). 

The Mississipt11i.an Chattanooga Stial•e c!leoposits coota'in the earHest land 
and vertebrate f<0ssns found in lemiesS'ee. These are iJe11'erally poorly 
preserved and are not v-ery aba'l'ldant, but they iT1clude a variety uf fis'h 
and sharks. Plant fossils, including driftwood, spores, and algae are 
found. Toothlike or palatelike pieces of an unknown animal, and 
referred to as conodonts, are present. The most abundant fossils of the 
Mississippian all"! tlle cr1ne~ds \llhich are fletlnc!I iTI the fort 'Payne 
deposits of limestone, shale, and chert '1n Mid<ne T1!flness1!1! (i"liller 
1974). 
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Land animals· were abundant during the Quaternary Period including masto
dons, mammoths, saber-toothed cats, giant ground sloths, camels, 
jaguars, and giant panthers. Remains have been found in river deposits 
above the present floodplains and in caves (Matthews 1971). 

G. Texas 

Although little paleontological research has been completed in the 
vicinity of the proposed Texas SSC site, nearby Pleistocene and 
Cretaceous deposits are fossiliferous. Quaternary alluvium and terrace 
deposits have produced mammoth remains and an assortment of molluscan 
fauna. The Cretaceous Austin Chalk has produced numerous fishes as well 
as a specimen of marine reptile (Slaughter and Thurmond 1965). 

Two Ellis County finds include bison and mammoth remains located along 
Pleistocene stream terraces of tributaries of the Trinity River. 
Several Ellis County localities at quarries contain fossil shark teeth 
obtained from the Cretaceous Austin Chalk/Taylor Marl, as well as 
Cretaceous fish from the Midlothian Limestone. Further, the lower jaw 
of a marine reptile and fish remains were recovered from bedrock 
deposits of Waxahachie Creek. Pleistocene sediments along Big Mustang 
Creek produced numerous molluscan specimens as well as fragmentary 
vertebrate fossils (Slaughter and Thurmond 1965). 

4.10.2.2 Characterization of Geological Strata and Paleontological 
Potential 

A. Arizona 

The geological setting of the proposed Arizona SSC site is not con
sidered favorable to preservation of fossil remains. Proterozoic gra
nites and schists predate the existence of hard body parts necessary for 
fossil preservation, and Precambrian soft-tissue organisms are rarely 
preserved in igneous and metamorphic rocks. 

B. Colorado 

At the proposed Colorado site, stratigraphic levels that potentially 
contain fossils include the recent alluvium, eolian sands, the Peoria 
Loess, and the Upper Cretaceous Pierre Shales. Outside the collider 
ring, project activities such as road construction could uncover fossils 
in the Laramie and Denver Formations and Fox Hills Sandstone Formations. 
Areas with alluvial stream or terrace deposits could yield fossils 
including Badger, Lost, and Box Elder Creeks (Indeck 1988). 

C. Illinois 

The eastern and southern parts of the ring have some high probability of 
surface areas with paleontological resources. 
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O. Michigan 

The proposed Michigan SSC project area contains fossils of two widely 
separated time periods and of two distinctly different stratigraphic 
contexts representing Pleistocene and Paleozoic processes. To determine 
the likelihood and nature of fossils at the proposed Michigan SSC site, 
seven borings were made along the collider ring. The Saginaw formation 
yielded fossil plants or traces of fossil plants in five of the seven. 
The Mississippian Bayport limestone yielded fossil plants in one of the 
five boreholes and had potentially fossiliferous sediments at levels in 
all borings. The Michigan formation yielded no fossils in the two bor
ings. The Mississippian Marshall formation was not encountered. 

E. North Carolina 

There are no known paleontological sites in the immediate vicinity cf 
the proposed SSC site area. 

F. Tennessee 

Ordovician limestones which occur in the proposed Tennessee SSC area as 
the Stones River and Nashville deposits contain a variety of inverte
brate fossils including large amounts of corals. The Mississippian 
Period Chattanooga Shale and later limestone, shale and chert Fort Payne 
deposits may contain important vertebrate fossils. Furtjier, remains of 
Pleistocene mam;~als may occur in alluvial deposits of the Quaternary 
Period or in caves, several of which are located within the proposed 
Tennessee SSC project area (Hiller 1974; Matthews 1978). 

G. Texas 

At the proposed Texas SSC site, it is possible that fossils are present 
in formations of the Pleistocene and recent epochs, particularly along 
stream terraces. It is unlikely that significant land-dwelling or 
marine vertebrate paleontological remains will occur in the older Austin 
Chalk and Taylor Marl (Cretaceous). It is more likely that scattered 
Cretaceous mollusks, clams, sharks, and fish would be encountered. 

4.11 SCENIC AND VISUAL RESOURCES 

4.11.l Definition of the Resource 

Visual and scenic resources comprise the natura 1 and man-made features 
that give a particular environment its visually aesthetic qualities. · 
Th.ese features may be natural appearing or modified by human activities. 
Together they form the overall impression of an area, referred to as its 
visual character. Aside from their physical features, visual and scenic 
resources also have a social setting that includes: public values, 
goals, awareness, and concern regarding visual and scenic qualities, 
termed visual sensitivity. The public's sensitivity over noticeable 
adverse changes in the quality of the landscape is an indicator of how 
significant the changes may be. 
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4.11.2 Visual Character and Sensitivity for the Study Area 

The visual characteristics of the proposed·Michigan, Tennessee, North 
Carolina, and Texas sites are populated, agricultural lands, dotted with 
small-scale farms, pastures, and croplands. Few urban influences have 
advanced across the sites, although rural residential areas occur 
throughout as small groups of large-lot homes strung along secondary 
roads. A few small communities also occur as nodes at crossroads. 

Viewsheds are not defined by landforms so much as ·by vegetation. Views 
do not characteristically extend far because of intervening forests, 
woodlots, and fencerows. This is especially true in Michigan and North 
Carolina, where woodlands extensively cross much of the sites. As a 
consequence, views center on foreground details, and seldom is any par
ticular feature seen from more than a few nearby 1 ocat ions. Such 1 and
scapes are considered to be capable of absorbing considerable visual 
change with only 1oca1 ized adverse effects. Vegetative screening in 
Texas is minimal over much of the eastern half of the site, trees being 
of 10~1er stature than in other states mentioned and fields being more 
extensive. Views in this area are much broader and more distant than in 
Michigan, North Carolina, or Tennessee. However, forests are prevalent 
around the northwest sector of the Texas site, and viewing conditions 
there are similar to those at the other three states. 

For the four states mentioned, visual sensitivity arises primarily from 
the occurrence of residential subdivisions and rural residential areas 
close to the proposed sites for project surface facilities around the 
collider,ring. Recreation resources are affected only in North Carolina 
and Texas. In Tennessee, in addition to residential areas, sensitivity 
arises out of the State's having designated a U.S./State highway as a 
scenic route. Several proposed facility sites are adjacent to this 
highway. 

In Illinois, the eastern part of the site is substantially affected by 
· urban and suburban growth with major pockets of residential development 

interspersed with residual agricultural lands and strips of commercial 
and 1 ight-industrial development. Against this backdrop, the SSC facil
ities are compatible.except where sited in the midst of a substantial 
area of residential development. The rest of the site is agricultural -
vast fields with regularly spaced large-scale farm structures that stand 
out as the chief visual features of the landscape. In such areas, views 
extend 2 to 3 mi, fencerows and woodlots being widely separated. As 
with the other four states mentioned, pub 1 ic sensitivity· to the vi sua 1 
impacts of the project can be expected to occur relative to views· from 
residential subdivisions and rural residential areas. 

In Colorado, the site is in a relativel:y mipopulated area, rolling to· 
flat and sparsely vegetated, mostly with croplands and pastures. 
Ranches and farms prevail but are few in number. Views are open, and 
appear panoramic, but are subtly enclosed by the gentle roll of the 
land; they 
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do not extend for more than 1-2 miles. The region is in a broad 
topographic bowl; views of the Rockies in the distance are largely cut 
off by the broad rim of that bowl to the west. Within the site, any 
vertical structure ·stands out for several miles in most directions, 
views being unencumbered by tall vegetation. No appreciably sensitive 
views would be affected at this site. 

In Arizona, the semi-arid desert landscape is sparsely vegetated in com
parison to the other sites and has great topographic relief because of 
the Maricopa Mountains enclosed by the collider ring. Unlike the other 
six sites, the landscape is predominantly unmodified and natural appear
ing, as evidenced by the extent of the BLM-designated Wilderness Study 
Areas. Views are distant and panoramic, especially from points close to 
the base of the mountains at the top of the bajadas (alluvial piedmont). 
The bajadas slope subtly to broad basin floors, affording open views 
across the desert from points along their upper reaches. There are a 
number of highly sensitive views, primarily from recreation trails 
(jeep) and campsites near several proposed facility sites. Also sensi
tive are views from a historic trail (the Butterfield Stage Route). 
Other proposed facility sites are within areas for which the BLM has set 
stringent visual resource management objectives, indicating this 
Agency's sensitivity toward visual 'impacts in such areas. 
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CHAPTER 5 ENVIRONMENTAL CONSEQUENCES DURING THE LIFE 
OF THE PRO.JECT AND MITIGATIVE MEASURES 

This chapter identifies and analyzes the expected potential environmental 
effects of the proposed SSC during preconstruction, construction, and 
operations at the seven site alternatives. Following selection of a 
site for the proposed SSC, the DOE will prepare a supplement to this EIS 
to address in more detail the impacts of constructing and operating the 
proposed SSC at the selected site and alternatives for mitigating those 
impacts. The actions that could generate impacts are described in 
Chapter 3. As described in Chapter 3, mitigation measures applied prior 
to assessing impacts would be design-controlled elements (those incor
porated into SSC conceptual plans) or agency-committed actions (those 
required by policy, statute, or regulation). Impacts remaining after 
application of these two levels of mitigation would be residual impacts. 
In some cases, it may be possible to further mitigate residual impacts 
through final site design. Mitigation measures that.may be incorporated 
in the final site design are identified in this chapter, where appli
cable, for each resource affected. 

Residual impacts are identified by their duration and magnitude. The 
duration of an impact describes how long the impact would remain in 
effect. An irreversible or permanent impact would be an effect that 
would remain after operations and decommissioning of the SSC. 

The magnitude of an impact is the degree of significance or the amount 
of change to the environmental baseline that would occur. Where pos
sible, the change has been quantified; where that is not practical or 
possible (e.g., visual and scenic effects), the level of change is 
described in the more general terms of negligible, measurable, or signi
ficant. Not all of these terms are used for all resource values. 

Additionally, this chapter identifies cumulative impacts and unavoidable 
adverse impacts, where applicable. Cumulative impacts are those which 
may be individually insignificant, but when taken with other similar 
impacts, cause an incremental change which contributes to a significant 
effect on the baseline environment. Unavoidable adverse impacts are · 
those which cannot be totally mitigated, although they may be lessened 
to some extent (i.e., the overall dimensions of the collider tunnel are 
fixed; however, access areas might be shifted along the tunnel alignment 
to some extent). 

The final section of this chapter discusses natural and depletable 
resource requirements and conservation potential. The resource consump
tion requirements needed to construct and operate the SSC are identified 
(e.g., aggregate needed for concrete; water needed for cooling require
ments). The chapter then explores the potential to conserve these 
resources. This analysis includes both factors imposed by the concep
tual site design and those which would vary among the seven proposed 
sites. 
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5.1 IDENTIFICATION OF IMPACTS AND MITIGATIVE MEASURES AMONG 
SITE ALTERNATIVES 

Section 5.1 of this chapter presents the potential environmental impacts 
and possible mitigative measures for _the seven site alternatives. 
Detailed information that augments this impact assessment is provided by 
resource affected in Appendices 6 through 16. ' 

As noted above, jmpacts discussed in this section are the residual impacts 
that would remain after mitigation measures incorporated into project 
design (design-controlled elements) and agency-comniitted mitigation mea
sures have been applied. 

5.1.1 Earth Resources 

5.1.1.1 Tooograohv 

SSC project-related changes to topography during construction would be 
caused by grading in the campus and service areas, cut-and-cover excava
tions for underground structures, and spoils piles of excavated material. 
Preconstruction impacts due to site investigations are of a very limited 
duration and lesser magnitude than the construction period impacts at 
each site. No operational phase impacts have been identified. The area 
of disturbance and spoils disposal impacts are detailed in the individual 
resource areas in this chapter. 

The impacts of grading on the campus area would be negligible at six of 
the seven site alternatives where existing topography is flat or has a 
low uniform slope. At the North Carolina site, topography is more roll
ing (incised by streams) than at the other sites; however, the impacts 
still would be minimal. The need for extensive grading could be miti
gated using layouts that conform to the existing topography. 

Grading impacts at the service areas at all site alternatives except 
Arizona would be negligible because of the low surface slopes and the 
small areas affected. The impact at the Arizona site is expected to be 
minimal where five service and access areas are located in more moun
tainous areas that would require regrading for access and construction. 

The only cut-and-cover collider tunnel excavations would be for a 6-mi
long, 150- to 250-ft-wide segment of the tunnel at the Arizona site. 
Temporary diversions would be constructed for dry washes that must be 
crossed. The dry wash excavations would remain open only long enough to 
install the tunnel liners and access shaft liners and would then be back
filled and restored to the original topography. At all other sites, 
collider tunnel excavations would be completely underground. 

Cut-and-cover excavations for the booster/injector tunnels might be util
ized at all sites except Illinois. Typically, this would involve an 
excavation 7 to 7.5 mi long, 60 to 150 ft wide. At the Illinois site, 
the Fermilab Tevatron would be used and no construction would be required. 
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Temporary diversions would be built at most of the sites to handle flow
ing streams or surface water runoff where drainages cross the cut-and
cover excavations. As soon as the tunnel liners are installed, the exca
vations woul~ be backfilled and the original topography restored. 

From two to four of the experimental halls might be constructed by cut
and-cover excavation at the Arizona, Colorado, Michigan, Texas, and 
North Carolina sites. Experimental halls at the North Carolina site are 
proposed to be constructed by underground excavation; however, if site 
studies do not show sufficient thickness of unweathered rock, cut-and
cover techniques may be considered. All four halls in Illinois and 
Tennessee would be un4erground excavations. The area of surface excava
tions for the halls typically ranges from 100 by 200 ft up to 600 by 
800 ft. During construction, the experimental hall excavations would be 
backfilled as soon as possible and restored to the original topography. 

Near-site spoils piles of excavated material are proposed as options at 
the Colorado, North Carolina, and Tennessee sites. In Colorado, the 
spoils would be graded into the existing land contours atop sloping ~p
lands. In North Carolina, spoils would be piled in forested areas, out 
of local drainages. Spoils in Tennessee may be graded into the heads of 
dry gullies. The thickness of spoils at all sites would generally be 
less than 20 ft. Spoils disposal sites would generally range from 5 to 
15 acres. Nonimpacting approaches, including sale of spoils as con
struction material or disposal in existing quarries, are planned in 
Illinois, Michigan, and Texas. In Arizona, the spoils would be spread 
as a thin layer (approximately 1 ft thick) over a large area on-site 
(1 mi 2 ) or disposed of in existing open-pit mines. 

5.1.1.2 Rock and Earthen Materials 

Approximately 2.5 to 3.0 million yd3 of rock and soil material would be 
excavated at each of the sites for SSC construction. Excavated rock 
would make up more than 85 percent of this volume (except at the Arizona 
site, where only about 50 percent of the volume is rock); the remainder 
would be soil. None of the soils at the seven sites was found to con
tain significant amounts of deleterious leachable material. Rocks in 
Michigan (Saginaw and Michigan Formations), Colorado (Pierre Shale), 
Tennessee (Lebanon, Pierce, and Ridley Formations) and Illinois (Galena 
- Platteville Dolomite) contain trace to minor amounts of sulfide 
minerals (e.g., pyrite). However, because of the overall low abundance 
of sulfide minerals in the rocks from all of these sites, the potential 
of acid leachate development is mfnimal. Additionally, dolomite and 
limestone present in the spoils from1llinois, Tennessee, Texas, and, to 
a lesser extent, Michigan, would act to prevent development of acidic 
waters. The Tennessee site has the potential for phosphate conta
mination from material excavated from the Bigby/Cannon Formation at one 
shaft location (E7), Impacts from phosphate contamination would be 
expected to be minimal because of the low concentrations of phosphate 
minerals (if present) and overall small volumes of rock material to be 
excavated from this formation. Alternatively, if shaft E7 is relocated, 
as is being considered to improve the difficult access to this location, 
the Bigby/Cannon Formation may be avoided altogether. 
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5.1.1.3 Economic Geologic Resources 

Changes that affect local and regional economic geologic resources would 
occur during SSC preconstruction, construction, and operations (see 
Table 5.1.1-1). 

During SSC operations, some geologic resources at all sites located 
beneath and adjacent to SSC facilities would not be available for con
sumption. Sand, gravel, and construction aggregate exist at all sites; 
limestone for cement manufacture is four.d near the Illinois, Tennessee, 
and Texas sites. These resources are not unique and amount to a fraction 
of a percent of that available in the region. Therefore, the impact of 
temporarily removing the availability of these resources would be negli
gible. Construction and operations impacts on quarries are identified 
at the Colorado, Illinois, Michigan, and North Carolina sites. Small 
sand and gravel quarries and existing or proposed rock quarries are 
reported as existing on or near the proposed ring alignment at these 
sites. Preconstruction analyses would confirm the current status of 
these operations. Quarries in the area over the collider ring would be 
purchased to prevent interferences to SSC operations. The impact to 
regional resource availability caused by the closing of these quarries 
would be small due to the widespread abundance of these materials 
throughout the site regions. 

Oil and gas production near the Colorado and Michigan sites includes 
wells along the collider tunnel alignment (three in Colorado; two to 
four in Michigan). These wells would be located, decommissioned, and 
plugged to avoid interference with tunnel construction. Additionally, a 
small number of wells near the ring alignment may need to be shut down 
to prevent interferences with SSC operations. Impacts of this action on 
the ability to recover local oil and gas resources may be mitigated by 
tapping large underground reserves that cover extensive areas with wells 
drilled outside the site proper. The impact of completely removing a 
small number of oil and gas wells would be negligible; mineral rights 
acquired for the SSC from individual operators/owners would be paid for 
at fafr market value. These resources would ;.gain be available at the 
end of operations (considered to be approximately 40 years after con
struction begins). 

The SSC would operate within prescribed tolerances with respect to back
ground vibration. Ambient vibrations must be low enough not to adversely 
affect the precise targeting of the colliding beams. Geologic reso~rce 
activities that may cause undesirable vjbrations could include rock
blasting, crushing and sizing of rock and gravel, and pumping of oil 
wells. No mining or extraction activities at any site have been iden
tified as creating vibrations in excess of tolerances. Therefore, 
impacts to operations from mineral extraction activities are considered 
negligible at all sites. Permitting of future activities would have to 
consider the SSC as a sensitive receptor for vibrations. 
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Table 5.1.1-1 

IMPACT.S ON AVAILABILITY OF ECONOMIC &EOLPGIC RESOURCES 

Specific Impact Al. co IL Ml NC TN TX 

fm201ic1&t tsm Jnmact1 

Dec011111lsslonlng of oil !lone 2-3 we nsl !lone 2-4 ""nsl None !lone None 
wlls on site/loss 
of ""lla 

Con11J:Yg1i2a lm2C!,tl 

Sand, gravel, and Meg. Neg. Neg. Neg. Neg. Neg. Neg. 
canent consl.lhed 

O~e1t tons l!!!IXU.'1ts 

Shutdown of nearby None <20 we11s2 None •10 wells2 None None None 
011 wells/loss of 
well usage 

Potential shutdown !lone None 0-23 0-23 a~z3 None None 
of nearby quarries/ 
temporary loss of 
res!)Urce ava11abl11ty 

• Neg. - Negligible 

I Wells within the ring alignment that are decCJ1111iss toned during the preconstrLCtion 
period. 

2 Wells near the ring allgnnent that may need to be shut down during operations to 
limit vibrations. 

3 Quarries near the ring a llgnmont that may need to be shut down during operations 
to limit vibrations. 

Sources: 
Arizona Departnient of Mines and Mineral Resources 1984 Garner 1988; Manhardt 1986; McHugh 
1988; Michigan Department of Natural Resources 1987; M chtgan 011 and Gas CCJ1111lssion 1988; 
Peterson et al. 1985; Petroleum lnfornatlon Corp. 1988 Reid 1988; State of Colorado 1988; 
U.S. Bureau of lftnes; Witcher et al. 1979. 
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Depending on specific site requirements, materials irretrievably com
'nitted in building the SSC would include: 1.3 to 1.8 million tons of 
:iigh-quality aggregate; 13,000 to 189,000 tons of medium quality aggre
gate; 38,000 to 63,000 tons of stone bedding; and 99,000 to 149,000 tons 
of cement. With the exception of Colorado, the sites are either in 
geologies that include large volumes of the rock materials needed to 
produce these products or they have existing distribution networks to 
get these resources elsewhere in the region, or both. Project require
ments for construction aggregate represent generally less than 1 percent 
of locally available reserves in Arizona, Illinois, Michigan, North 
Carolina, and Tennessee. In Texas, local supplies are more limited, but 
regional reserves of aggregate (within 90 mi of the s'ite) are considered 
unlimited. Similarly, project requirements for cement represent a small 
percentage of commercial resources available either near the site or 
from nearby states. Impacts caused by irretrievable commitment of 
resources would be negligible at these sites. The Colorado site has 
only limited, scattered areas of suitable aggregate in the Denver-Fort 
Morgan region; some of these aggregate sources have already been built 
over by the Denver area expansion. Planned projects in the Denver area 
are expected to deplete the accessible reserves that have currently been 
permitted by the first decade of the next century. Although the SSC 
would have less than a I percent impact on the aggregate reserve rock 
material, sources may need to be found beyond the Denver region and 
transported to the site. At all sites, some portion of the excavated 
rock may be used to fill part of the demand for aggregate, fill, and 
landscaping material, thus reducing the impact on off-site reserves. 

5.1.2 Water Resources 

Four types of impacts on water resources were evaluated. These were: 
runoff and erosion (including sedimentation impacts on streams), flood
plains and flood risk (in accordance with IO CFR 1022), water quality 
(both direct impacts of any facility emissions and indirect effects of 
spoils leachate or soil contamination), and water use (both surface and 
groundwater). 

Impacts to surface water resources caused by the SSC project would be 
due to changes in the hydrologic regime, flooding characteristics, pol
lutant loading, or water use. Because these changes would occur pri
marily during construction and operations, this discussion focuses on 
these phases. 

Groundwater impacts would be associated most commonly with water level 
declines and/or basin or aquifer overdraft. These impacts would be 
caused by direct or indirect project water supply withdrawals; but these 
impacts can also be caused by dewatering and groundwater inflow control 
activities. Project-related water supply withdrawals would occur during 
both construction and operations; dewatering and groundwater inflow con
trol would occur primarily during construction. 

1CHP5X336886 EIS Volume I Chapter 5 



Environmental Consequences and Mitigative Measures 5-7 

Subsidence or gradual downward settling of the land surface might result 
from groundwater supply withdrawals during both construction and opera
tions. Site geologic conditions, primarily stratigraphy and lithology, 
are a controlling factor on the potential for occurrence of subsidence. 

Groundwater recharge reduction might result from soil compaction, con-
~ truct ion of impervious surface·s, and modi fk:at ion of drainage patterns 
within a recharge area. Soil compaction effects would generally be 
short term and would not extend beyond the construction period. Imper
vious surfaces (e.g., roads, buildings, parking lots) and the effects of 
drainage modification would generally remain throughout operations and 
beyond. 

Expansions or other modifications to local publ·ic water supply systems 
with surface water and/or groundwater supply sources may be required as 
a result of in-migration of project personnel and dependents and indirect 
population growth associated with project construction and operations. 
This in-migration might affect.both communities in the immediate site 
vicinity, as well as areas and communities some distance from the site. 

Existing water wells on land acquired for SSC project facilities and 
wells near the planned tunnel alignment might have to be abandoned. 
This impact would occur during project land acquisition or early during 
construction. Blasting for tunnel or shaft construction would be ex
pected to potentially affect wells only in the very immediate vicinity 
of the blast site. Wells within this zone of influence would likely 
have been abandoned due to location in a fee simple area or at a depth 
that conflicts with tunnel construction and operations. 

Definitions, criteria, and the process for assessing surface water and 
groundwater resources impact magnitude and significance are detailed in 
Appendix 7, Sections 7.1.l and 7.1.2, and 7.2.l and 7.2.2 respectively. 
Resource impact assessments for each of the site alternatives are 
presented in Appendix 7, Sections 7.1.3 (Surface Water) and 7.2.3 
(Groundwater). · 

5.1.2.1 Runoff and Erosion Impacts 

Removal of vegetation during site preparation will result in some 
increased runoff. In addition, runoff increases would result from con
struction of impervious surfaces such as buildings and parking lots. 
These increases in runoff are proportional to the acreages disturbed 
temporarily and permanently as well as the precipitation typical of the 
area. It is anticipated that 200-1,300 acres would be permanently dis
turbed; another 250-2,000 would be disturbed temporarily. The number of 
acres disturbed would be very small in comparison to the subdrainage 
basins in which they lie. Consequently, overall runoff impacts would be 
negligible. 
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During construction, some diversion levees and other runoff-containing 
measures would be employed to protect construction sites from flooding. 
In addition, temporary channel diversions could be used for existing 
perennial streams or rivers where construction activities for roads, 
railroads, buildings, utilities, and other facilities would cross them. 
Such drainage pattern modifications could cause impacts to streams from 
flooding, increased erosion, and sediment deposition. These would be 
temporary impacts which would only occur during construct'ion. 11.ddi
tionzl mitigative measures could include effective construction schedul
ing to minimize drainage or channel diversions, i.e., shorten the dura
tion and extent of diversions by accomplishing construction in sm~ller 
steps. Runoff retention is also possible to lessen the impacts from 
interbasln runoff transfers. 

Five of the seven sites would have only a negligible impact from drain
age diversions or temporary channel relocations. Modifications would be 
minimal at these sites. At the Arizona site, there could be a short
term impact from increasing the contributing watershed area to a Southern 
Pacific Railroad culvert. If a significant flood event occurred while 
the construction diversion was in place, the railroad embankment and 
railbed could potentially be damaged. Appropriate mitigation measures 
would be considered during final design. These measures might include 
constructing temporary diversions prior to starting excavation and 
restoring the natural drainage channel as soon as possible as construc-
t ion progresses. 

At the Colorado site, permaner1t redirection of the channel of Sand 
Creek (tributary to Beaver Creek) might be necessary to accommodate the 
location of experimental hall K6. Extensive channel redirection and 
regrading within the Sand Creek floodplain would be required for 
protection of Hall K6. The impacts of drainage modifications at the 
Colorado site should be minimal because the affected stream is a small 
tributary with only intermittent flow and a low gradient. Increased 
stream erosion caused by rechannelization could be minimized by mainte
nance of original channel length, cross section and gradient. 

During construction, increased surface erosion would be a continuing 
impact. Natural vegetation would be removed, and soil surfaces would be 
disturbed by regrading, excavation, and genera1 construction equipment 
activity. Potential so"il erosion could be incn~ased by this activity. 
The resulting off-site transport of sediment would be dependent on the 
local topography and rainfall. Mitigation measures could control the 
off-site sediment movement to a great exterit, using techniques similar 
to those needed for controlling runoff increases. 

At the Colorado site, vegetation-stabilized sand dunes occur in the 
northeastern part of the proposed SSC ring alignment. Removal of large 
areas of stabilizing grasses can cause the dunes to remobilize, result
ing in blowing sand. Construction practice; to avoid or mHigate tilis 
impact could include avoiding disturbance of dunes wherever possible and 
replanting of exposed dune faces with grc.ss;'s. 

ICHP5X3358S8 EIS Volume I Chapter 5 
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Increased surface runoff might increase the potential for channel erosion 
during construction and operations because of increased volumes and rates 
of flow. Mitigative measures could include installation of drains and 
collection ponds and the control of outflow. Mitigative measures used 
at a site to lower the potential runoff increases would also help con
trol potential channel erosion. Also, for short stream lengths in the 
vicinity of SSC facilities where increased channel erosion might occur, 
it would be possible to institute channel protection measures such as 
lining the stream banks with riprap or installing flow control weirs. 

At the Illinois site construction activities potentially could disturb 
tile drain systems beneath farm fields. Impacts to these systems are 
expected to be small because of the ability to either make shifts in the 
locations of excavations to avoid drain tiles, or to relocate drains 
around construction. 

Potential impacts at a site due to altered runoff and ·increased erosion 
cannot be quantified at the current level of design. However, standard 
construction practices and techniques would be employed to reduce runoff 
and erosion impacts. Although some impacts might be noticed over short 
sections of drainages in the immediate vicinity of the construction 
sites, these impacts would be of limited duration (ending with restora
tion of the construction site). Operations impacts due to increased 
runoff could be minimized by collection of runoff and controlled 
outflow. 

Potential mitigations to control soil erosion and to reduce off-site 
sedimentation are the following: 

o Schedule construction activities such as to reduce disturbed 
areas at any point in time. 

o Where possible, maintain natural vegetative buffer strips 
between disturbed areas and surface water bodies. 

o Schedule clearing and construction, where practical, to avoid 
relatively erodible soils during wet seasons. 

o Collect runoff from disturbed areas by temporary drainage 
ditches and divert such runoff to sedimentation basins. 

o Use runoff retarding devices such as hay bales to reduce flow 
velocity and, consequently, erosion. 

o Restore disturbed areas to desired topography and establish 
locally adapted vegetation as soon as possible. 

On a regional scale, impacts due to runoff and erosion are expected to 
be negligible because the area disturbed by the SSC is generally less 
than 10 percent of the total watershed for each site. 

ICHP5X336889 EIS Volume I Chapter 5 
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5.1.2.2 Floodplain Impacts 

Under Executive Order 11988 "Floodplain Management,• Federal agencies 
must consider the protection of floodplains in decision-making processes. 
DOE regulation 10 CFR 1022 ("Compliance with Floodplain/Wetlands Envi
ronmental Review Requirements") provides the procedures that the DOE 
follows to assure adequate consideration of floodplains. This FEIS 
presents the floodplain assessment including the project description, 
location, analysis of impacts, and suggested mitigations. It is the 
DOE's policy to "avoid to the extent possible the long- and short-term 
adverse impacts associated with the ••• occupancy of floodplains ••• and 
avoid direct and indirect support of floodplain ••• development wherever 
there is a practicable alternative• (U.S. Department of Energy 
10 CFR 1022). Buildings, flood protection measures, bridge abutments, 
and roadway fills with culverts are all examples of floodplain 
encroachments. 

The proposed layout of the SSC at the seven site alternatives is based 
on a generic concept provided in the Invitat·ion for Site Proposals (U.S. 
Department of Energy, DOE/ER-0315). Utilizing this standard design and 
layout at all sites resulted in certain proposed surface facilities 
being shown as encroaching on floodplains. The most obvious mitigation 
of floodplain encroachment is to locate the facility outside the iden
tified or assumed floodplain. This may be allowed in some cases by the 
design criteria, i.e. service and access shafts can be moved some 
distance; the interaction halls, however, are less flexible. 

To protect any facilities that must be constructed in floodplain areas 
from flooding, the facility could either be elevated or have levees con
structed around it. This would create floodplain encroachment that 
could raise the flood level in the adjacent channel or direct flood 
flows into areas not previously reached because of a loss in floodwater 
conveyance. This assessment identifies cases where these mitigations 
would be considered further as part of final project design. 

Factors affecting the impacts caused by floodplain encroachment are: 
width of the floodplain, the extent of the encroachment, and the exist
ing hydrologic regime. 

The data used to assess floodplain impacts include: the site engineer
ing assessment from Appendix 1, the utilities and transportation descrip
tion in Appendix 14, and floodplain maps (Federal Emergency Management 
Administration (FEMA) Flood Insurance Rate Maps, U.S. Geological Survey 
(U.S.G.S.) Flood Hazard Area Haps, and other flood maps). 

The process of assessing impacts involved identifying the potential 
location of a facility in or near a 100-yr floodplain according to FEMA 
rate maps. If no data existed for a 100-yr floodplain, general flood 
hazard areas were considered. Impact magnitudes were qualitatively 
assessed based on the proximity ·of the proposed facility to the stream 
or floodplain and whether its size would represent a major encroachment 
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Figure 5.1.2-1 
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{more than 25 percent of the floodplain width). Flow regime was con
sidered only if encroachment was likely, and then used as a secondary 
factor. 

A. Arizona 

Th1! Arizona site is not situated within or adjacent to any major river 
system or floodplains {see Figure 5.1.2-1). No FEMA Flood Insurance 
Rate Maps have been prepared for Maricopa County in the area of the pro
posed SSC site. This is an indication that flooding in this area has 
limited damage potential, primarily because there are few man-made 
structures. The project facilities would be located in areas that 
experience sheet flows, but would be outside any area considered flood
plains. Therefore, there would be no impacts to or encroachments on 
floodplains. 

B. Colorado 

At the Colorado site {see Figure 5.1.2-2), there is one FEMA Flood 
Hazard Boundary Map and some preliminary Flood Insurance Rate Maps 
available for Morgan County. The Flood Insurance Rate Maps cover only 
portions of Beaver Creek, Buck Creek, and Shears Draw {Stanton, 1988). 
The Colorado Water Conservation Board, Flood Control & Flood Plain 
Management Section recommended the use of the 100-year flood maps pro·· 
duced by URS Corporation (1988) using HECl (a hydrologic.model from the 
Army Corps of Engineers) and USGS topographic maps. These maps cover 
the entire SSC surface footprint and were used in preparing this flood
plain assessment of tbe proposed SSC site in Colorado. During precon
struction analyses, geotechnical and other environmental studies would 
be performed to verify this assessment as part of final project design. 

The Colorado project facilities that would be located partially or 
entirely within existing floodplains include: J2 and El in Badger Creek 
(Figure 5.l.2-2A); E3 in Beaver Creek at the north ring crossing {Figure 
5.1.2-23); F3 in Shears Draw, a tributary of Beaver Creek {Figure 
5.l.2-2C); K3 in Antelope Creek, a tributary of Beaver Creek {Figure 
5.1.2-20); K6 in Sand Creek (Figure 5.l.2-2E); f8, a marginal encroach
ment on Beaver Creek (Figure 5. l.2-2F); and F8, an encroachment on 
Wetzel Creek (Figure 5.1.2-26). The actual placement of surface struc
tures at each of these facilities remains relatively flexible at this 
time, and would not be determined until a preferred site is selected and 
site specific designs prepared. Therefore, potential floodplain en
croachment is based upon actual land areas and their proximity to 
floodplains. 

Using available floodplain widths, it appear's that both encroachments on 
.Beaver Creek {E3, E8) and the encroachment on Shears Draw (F3) and the 
El facility all represent a minor amount of floodplain loss {<15 percent 
of the floodplain width). If the design criteria permit anticipated 
flexibility, site-specific design would relocate surface facilities to 
avoid this loss and therefore negligible impacts to floodplains and 
flooding would result. 
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Figure 5.1.2-2 

HYDROLOBJC FEATURES - COLORADO SITE 
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Figure 5.l.2-2A 

J2/El ENCROACHMENT ON BADGER CREEK FLOODPLAIN 
COLORADO SITE 
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Figure 5.1.2-28 

E3 ENCROACHMENT ON BEAVER CREEK FLOODPLAIN 
COLORADO SITE 
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Figure 5.1.2-2C 
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Figure 5.1.2-20 

K3 ENCROACHMENT ON ANTELOPE CREEK FLOODPLAIN 
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Figure 5.1.2-2E 

K6 ENCROACHMENT ON SAND CREEK FLOODPLAIN 
COLORADO SITE 
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Figure 5.1.2-2F 
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Figure 5.1.2-26 

F8 ENCROACHMENT Off WETZEL CREEK FLOODPLAIN 
COLORADO SITE 
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External beam access area J2 includes 1,200 ft of the 3,000-ft·wide 
floodplain of Badger Creek. Experimental hall area K3 is placed on 
2,600 ft of the Antelope Creek floodplain, which is about 3,700 ft wide. 
E.xperimental hall area K6 would occupy abot.1t 3,700 ft of the 5,000-·ft
wide floodplain of Sand Creek. Th.e current land acquisition boundaries 
for ttiese faci 1 it ies occupy from 40 to 75 percent of the identified 
floodplain width. Watersheds upstream from these facilities range in 
size from 24 mi2 (f;11telope Creek and K3}, 114 miz (Badger Creek and J2) 
to 229 mi2 (Sand Creek. al)d K6). Service area FS (Figure 7-2G} will 
occupy nearly 100 percent -of the floodplain of a small tributary to 
We-tzel Creek. However, less than 10 acres of watershed l les upstream of 
the site. Construction of these facflities might affect floodplain 
f'lydraul ics and could have long-term implications. Mitigation measures 
such as channel' enlargement/improvement, levee constructi.on-, and mini
mizing building locations within the floodplain could help reduce these 

· impact.~ but may affect the upstream and downstream hydraulics of these 
channeh. These measures would be considered part of final project 
design. Residual impacts from these three facilities, with mitigation, 
~~ould probably still exist. However, because the area impacted by any 
increased flood elevations has few, if any, improved structur~s, the 
residual impact should not be significant. 

C. Jllinois 

The Illinois 5SC region has been included in the national flood insurance 
program, and FEMA Flood Insurance Rate Maps have been prepared (Federal 
Emergency Management Agency 198-la-f, 1982a-f, 198Sa-b, 1986a-b, 1987). 
This includes all of the unincorporated areas of DuPage, Kane, and 
Kendall Counties and several incorporated communities (see Figure 
5.1.2~3). The DOE has initiated informal consultation with the Chicago 
District Corps of Engineers concerning floodplains. During preconstruc
tion analyses, geotechnical and other environmental studies would be 
performed to verify the following assessment as part of final project 
design. 

ln Illinois, four facilities (F5, K4, J3, and JG) have some potential 
for floodplain encroachment. At present, these facil Hies are described 
by a conce(>tual design that does not contain specific details on where 
the buildings and other surface structures would be placed within the 
area. Surface struct11res would occupy only a part of the area needed 
for each facility, and the location of these structures within the areJ. 
remains flexible in mast cases. The four SSC facilities with potertial 
floodplain encroacli<nent 1;c,u1d impact on·l.v ~/elch Creek in the, far cluster 
or Kress Creek in the nc~r cluster. \.le1c:1 Creek would have two of U1,:;se 
facilities located near the stream channel; FS would be within abo11t 200 
ft of the floodplain ar.d K4 ~IOi.lld he immediately adja-::ent to the floo·:'
p1ain. These fac"iliti,:,s create a sm;i11 potential for chanul n'loca
iirm, bL:t almost no change in drainage area. Simila;ly, t·..iv fac:n ities 
in the Kress Creek watershed wouLl be near or in the stream channel: J3 
•1mu1d t>e within 1,000 ft of the floodplain and Jo would encroach the 
e ••tire fl nor.!p lain . 
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Figure 5.1.2-4 

F5 ENCROACHMENT ON WELCH CREEK FLOODPLAIN 
ILLINOIS SITE 
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Figure 5.1.2-5 

K4 ENCROACHMENJ ON WELCH CREEK FLOODPLAIN 
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Figure 5.1.2-6 

J3 ENCROACHMENT ON KRESS CREEK FLOODPLAIN 
ILLINOIS SITE 
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Figure 5.1.2-7 

J6 ENCROACHMENT ON KRESS CREEK FLOODPLAIN 
. ILLINOIS SITE 
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Facility service area F5 is currently located within about 200 ft of the 
Welch Creek floodplain, which is about 300 to 600 ft wide {see figure 
5.1.2-4). This facility area lies close enough to the floodplain that 
further consideration is warranted. However, adjustment in b~ilding 
location could mitigate any potential impact. Impacts to the Welch 
Creek floodplain from the F5 facility should, therefore, be negligible. 

Facility experimental hall K4 lies immediately adj~cent to the Welch 
Creek floodplain, which is about 750 to 1,000 ft wide {see Figure 
5.1.2-5). While this is not an encroachment, it is close enough to 
deserve consideration during final design. Any potential impacts from 
this particular facility should be easily mitigated by layout of the 
facility during final project design. As a result, the impact from 
floodplain encroachment on Welch Creek caused by facility K4 is expected 
to be negligible. 

External beam access area J3 is within 1,000 ft of the floodplain of 
Kress Creek {see Figure 5.1.2-6). This facility area lies close enough 
to the floodplain that further consideration is warranted. Very little 
has been determined about the layout of the J areas, but 40 acres would 
provide some flexibility in the arrangement of the surface structures. 
Thus, design mitigation should allow avoiding any impact to the flood
plain of Kress Creek from J3. 

Facility J6, a.s currently located, covers the entire width of the flood
plain of Kress Creek with its northeast corner {see Figure 5.1.2-7). 
Tills is a measurable impact, with some potential for mitigation through 
design layout or channel diversion. One potential mitigation would be 
relocating, at design stage, surface structures in flood fringe rather 
than in floodway (structures located in flood fringe would not signifi
cantly raise upstream flood elevation). Other potential mitigations 
include elevating the structures, diverting the stream, and improving 
the channel to reduce flood staga. , More detailed evaluation of this 
problem should be made during final site design if the Illinois site is 
selected. 

D. Michiga11 

in Michig;in, very little of the SSC facility location has been mapped 
for the national flood insurance program. FEMA Flood Insurance Rate 
Maps have been prepared only for a small portion of the SSC area near 
the Grand River in Blackman Township where it crosses the ring al'ignment. 
Flood Hazard Boundary Maps have al so been prepared for othe.r mi nor parts 
of Jackson and Ingham Counties, except the unincorporated areas of the 
counties as a whole. This is an indication that flooding in this area 
has limited damage potential primarily because there are few man-made 
$tructures. 

In order to prepare the Michigan floodplain assessment, U.S.G.S. Flood 
Prone Area Maps {U.S. Department of the Interior 1975a, 1975b, 1975c, 
~nd 1975d} of the proposed SSC location were used to determine whether 
any of the facilities may be in the 100-yr floodplain (Menerey 1988). 
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Figure 5.1.2-8 

HYDROLOGJC FEATURES - MICHIGAN SITE 
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Figure 5 .1.2~8A 

CAMPUS AREA ENCROACHMENT ON THORNAPPLE CREEK FLOODPLAIN 
MICHIGAN SITE 
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Figure 5.1.2-BB 

Fl ENCROACHMENT ON PORTAGE RIVER FLOODPLAIN 
MICHIGAN SITE 
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Figure 5.1. 2-ac 
F2 ENCROACHMENT ON PORTAGE RIVER FLOODPLAIN 
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Figura 5.1.2-80 

F6 ENCROACHMENT ON SYCAMORE CREEK FLOODPLAIN 
MICHIGAN SITE 
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Temporary floodplain encroachment, because of construction activities, 
would likely occur on Thornapple Creek where it passes through the 
injector and booster areas, and to a lesser extent in the campus area 
(see Figures 5.1.2-8 and 5.1.2-SA). The cut-and-fill construction of 
the injector and booster tunnels would cross Thornapple Creek twice and 
come very close to the channel in a third location. All three locations 
probably would encroach on the floodplain temporarily, especially where 
the tunnel alignment crosses the creek. Although the creek is a small 
one (less than a IO-mi2 drainage area), this impact could be measurable. 
Three service areas, Fl (Figure 5.L2-8B}, F2 (Figure 5.l.2-8C), and F6 
(Figure 5.1.2-80) all may, depending upon final design, encroach on 
floodplains. Fl and F2 could encroach upon the Portage River floodplain, 
which has an upstream watershed of 80 mi2. Even without mitigation, the 
encroachment impacts are likely to be minor. The f6 area could have 
marginal encroachment upon the Sycamore Creek floodplain, which has an 
upstream watershed of 18 mi2, however the impacts are expected to be 
minor. Mitigation by relocating these facilities to minimize the flood
plain encroachment is the best initial strategy. Protection from or 
confinement of the additional flood elevation by levees or berms is 
another reasonable alternative. Either alternative could effectively 
reduce the impact. No other potential floodplain encroachments exist at 
the other SSC surface facilities and, therefore, no additional flood-· 
plain encroachment impacts would be expected. 

E. ~orth Carolina 

In North Carolina, all three counties in which the SSC facility would be 
located are included in the national flood insurance program (see Figure 
5.1.2-9). However, only Durham County is mapped to the detail of the 
Flood Ins1Jrance Rate Maps (FEMA 1979b). Granvi 11 e and Person Counties 
are only shown on Flood Hazard Boundary Maps (FEMA 1970, 1978). The 
lack cf complete coverage of this area by Flood Insurance Rate Maps indi
cates that flooding in this area has limited damage potential primarily 
because there are few man-made structures. The area is rural with little 
development in the form of houses or other buildings. During preconstruc
tion analyses, geotechnical and other environmental studies would be 
performed to verify these data as part of final project design. 

In preparing this floodplain assessment, the available FEMA maps were 
used to determine whether any of the proposed facilities may be in the 
100-yr floodplain (FEMA 1978a, 1978b, 1979). 

Temporary floodplain encroachment is inevitable from construction and 
operations activities in area B, the injector complex and from future 
activities in area C·(Figure 5.l.2-9A). Other areas with potential 
floodplain involvement include: access area E2 (Figure 5.l.2-9B); beam 
access area J6 (Figure 5. L2-9C}; experimental hall K6 (Figure 5.1.2-90); 
beam access area JS (Figure 5.l.2-9E); and beam access area J2 (Figure 
5.l.2-9F). Beam access area J6 and experimental hall K6 both show 
potential encroachment exceeding 90 percent of the floodplain. The 
upstream watershed in both cases, however, is small (J6 - 3 mi2; K6 -
1.3 mi 2 ), therefore mitigation activities such as channel relocation, 
diking, or facility location adjustment should reduce or eliminate any 
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Figure 5.1.2-9 
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Figure S. l.2·-9A 
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Figure 5.1.2-98 

E2 ENCROACHMENT ON NORTH FLAT RIVER FLOODPLAIN 
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Figure 5.1.2-9C 
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Figure 5.I.2-9D 
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Figure 5.l.2-9E 
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Figure 5.l.2-9F 
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upstream flooding impacts. Beam access area J2 has a large upstream 
watershed area (141 mi 2}, but along with beam access area JS and access 
area E3, these areas only show minor encroachment into, the floodplain 
and are not likely to create upstream flooding. Because the existing 
floodplain mapping of these locations with the Flood Hazard Boundary 
Maps is not detailed enough to make any measurements of floodplain 
encroachment, no actual numbers are given. These encroachments all 
co•Jld have the potential to produce impacts to the local flooding of 
tlieir adjacent streams if the encroachment is great enough. Encroach
ment on the floodplain of Knap of Reeds Creek from the injector and 
booster complex (Area B) can be mitigated with levee or berm construc
tion during cut-and-fill operations. The residual floodplain encroach
ment impacts here would then be negligible. Encroachments at the other 
locations may be avoided through adjustments of the final facility 
location. If this is not possible, mitigation with levees is also an 
alternative. 

Construction of new roads to provide access to the SSC facility would be 
extensive for the campus area. A total of 25.3 mi of new four- to six-
1 ane roadways would be constructed to provide easier access to the 
campus area. These roadways would cross the Flat River, Dial Creek, and 
Camp Creek, as presently located. To make the desired connections to 
other existing roads and the campus, these stream crossings cannot be 
avoided. An additional 12.3 mi of new, two-lane paved access roads 
would be built for the other facilities around the ring. Most of these 
roads are in short stretches of 1 ess than I mi, one of which may cross 
Grassy Creek to connect with experimental hall K6. This stream crossing 
may not be necessary, depending on the final road location. A total of 
1.3 mi of new one-lane gravel roads would be built to prnvide access to 
the intermediate access areas (El through E9). None of these short 
roads are expected to cross any identified st.ream channels. 

In general, floodplain encroachments only impact upstream flooding by 
constricting the floodplain, causing backwater effects. This is more of 
a problem on larger streams with shallower slopes than smaller or 
steeper streams. Only two of these potential encroachments are on 
streams with watersheds greater than 20 mi 2 : the South Flat River (at 
E2), and the Flat River (at a new four-lane highway crossing). Both of 
these have watersheds of less than 150 mi2, and regional impacts from 
floodplain encroachment on these streams would be negligible. 

F. Tennessee 

In Tennessee, all four counties that would include parts of the SSC 
facility have FEMA maps available (see Figure 5.1.2-10). However, only 
Williamson County is shown on the more detailed Flood Insurance Rate 
Maps (FEMA 1981). Bedford, Marshall, and Rutherford Counties are shown 
only on Flood Hazard Boundary Maps (FEMA 1978b, 1979a, and 1980). The 
lack of more detailed coverage in this area is an indication that flood
ing in this area has limited damage potential primarily because there 
are few man-made structures. Indicative of this is the rural nature of 

JCHP5X3368841 EIS Volume I Chapter 5 



Environmental Consequences and Mitigative Measures 5-42 

the Tennessee site location with scattered houses and few other build
ings. During preconstruction analyses, geotechnical and other environ
mental stt1dies would be 11erformed to verify this assessment as part of 
final project design. · 

The available FEMA maps (FEMA 1977, 1981, 1984a, 1984b, 1988a, I988b) 
mentioned above were used in preparing this floodplain assessment to 
determine whether any of the propoS'o'd facilities may be in the JOO-yr 
floodplain. 

Tem[Jorary encroachment is likely on the Armstrcng Branch frcm construc
tion of the campus facilities nr from the placement of buildings or 
other ~lructures. Service area Fl covers abo~t 100 ft of a 300-ft-wide 
floodplain. Actual placement of surface structures In the campus area 
and in the service arzas remains relatively flexible at this time and 
would not b~ determined until site-specific designs are prepared. 
Potential encroachment is based an the actual land areas and their 
location en or near floodplains. Other SSC facilities are located near 
to floedplain areas, and depending upon final design, could also affect 
upstream flooding. These include: service area FIO (Figure 5.1.2-IOA), 
and beam zone access areas J2 (Figure 5.1.2-IOB), and J4 (Fig~rr 
5.1.2-IOC). 

In the campus area, the new four-lane high•t1ay providing site access 
1vould cross Armstrong Branch causing potential encroachment. Both this 
encroachment and the access road encroachment at E6 can be mitigated 
relatively easily because both streams are small (watershed areas 
<6 mil) and their floodplains on1y 200 to 300 ft wide. With pro;ier 
design of the bridge er culvert and possible channel improvements, this 
impact can te reduced to negligible levels at both sites. 

Intermediate access arel E6, depending upon final design, may encrnach 
upon the Spring Creek floodplain by blocking up to 50 percent of the 
floodplain cross section at that point (Figure 5.1.2-100). This en
croachment can be mitigated because of the small watershed area upstream 
{less than 25 mi 2 ) and with channel relocation, diking, or adjustment of 
facility design, this impact should be negligible. 

Intermediate access area El-PI is located ~holly within the Stone' River 
floodplain (Figure 5.1-2-lOE}. At its narrowest point adjacent to the 
facility, the floodplain is approximateiy 2,500 ft wide with an upstream 
watershed of less than 8 m12; the 200 ft width of the facility is not 
likely to create upstream flooding impacts, and final design and facil
ity placement and mitigation are likely to reduce the overall ir .. p;:rt of 
the facility on floodplain encroachment. 

The Fl encroachment {Figure 5.1.2-IDF) has both a new channel crossing 
and a possible facility placement in the floodplain. The channel is 
Christmas Creek, which. has a small watershed draining an area of <5 rr:i 2 , 

so mitigating the impact at the crossing should not be difficult. Pend
ing final design, the impact on the floodplain and 1ocal flooding should 
be negligible. 
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Figure 5.1.2-10 

HYDROLOGIC FEATURES - TENNESSEE SITE 
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Figure 5.1.2-lOA 
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Figure 5.1.2-1-08 
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Figure 5.1.2•10C 
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Figure 5.1.2-100 
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Figure 5.1.2-·IOE 
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Figure 5.1.2-lOF 
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G. Iexas 

In Texas, the single county containing the SSC facility is included in 
the national flood insurance program (see Figure 5.1.2-11}. Ellis 
County is shown on the Flood Insurance Rate Maps, including the entire 
ring and surface facilities (FEMA 1987). In spite of the generally 
niral nature of the area, it has been included in the full flood 
i~surance program at this mapping level. These maps have been used In 
preparing this floodplain assessment to determine whether any of the 
p:-oposed facilities may be in the 100-yr floodplain. During precon
struct ii:;'> an~lysis, geotechnical and other environmental st.IJ(lies would 
be 1'"' ,_,,,.i,1.0d to vt>rify this assessment as part of final project design. 

Praje:t facilities th'1t would be located partia11y or entirely within 
existing floodplains include: J2 in South Prong Creek (Figure 5.I.2-12), 
,)3 in Bner Branch (Figure 5.l.2-I3}, J4 in Chambers Creek (Figure 
5.l.2-14}, and J6 in a tributary to Chambers Creek (Figure 5.l.2-15}. 
T1110 intermediate access areas, EI and E.9, are located in floodplains: 
El in South Prong Creek (Figure 5.l.2-15Al; E9 (Figure 5.1.2-158) In the 
Hill Branch of Chambers Creek. Actual surface structure locations 
within the facility boundaries, and in some cases the boundaries them
selves, remain relatively flexible at this time. The final locations of 
facilities {which would not be determined until site-specific de5ign) 
would be sited to exclude floodplain encroachment if possib'le. If 
required, mitigation. measures such as the construction of le·.1ees would 
be evaluated during final site design. 

fxternal beam access area J2 is located with its southeast corner cross
ing South Prong Creek. The floodplain at this location is approximately 
250 to 300 ft wide and the encroachment would completely span this dis
tance (see Figure 5.l.2-I2}. This impact could be mitigated through 
d"sign layout options or channel diversion. Since the stream is sm;;.11 
"t this location (<10 mi2 watershed} and the area very rural, the i;,,p3ct 
en the floodplain and local flooding should be neg1 igitile. 

External beam access area J3 is Sit!.!ated on Baker Branch, a tributary to 
Chambers Creek (see Figure 5.1.2-13). As i:.urrently located, it cc'nple-
• ely covers the floodplain which is 200 to 300 ft wide in this location. 
This impact could be mitigated through design layout options. Channel 
diversion or leveeing could help mitigate flooding problems, since the 
rhanne 1 is sma 11 (<5 mi2 watershed area) ;ind the area rura 1 . 

External beam access area J4 is presently located in the f1oodplai11 of 
Chambers Creek, a watershed of 107 m·iz. rtw floodplain is about 500 to 
750 ft wide at this location and the facility would cross the entire 
1-:idth of this floodplain (see Figure 5.1.2-14). B.ecause this is a 
larger stream, providing mitig1tion could be more difficult. However, 
this impact could be mitigated through design layout options and/or 
channel diversion. 
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Figure 5.1.2-11 

HYDKOLOGIC FEATURES - TEXAS SITE 
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Figure 5.1.2-12 

J2 ENCROACHMENT ON SOUTH PRONG CREEK FLOODPLAIN 
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Figure 5.1.2-13 

Jl ENCROACHMENT ON BAKER BRAHCH FLOODPLAIN 
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Figure 5.1.2-14 

J4 ENCROACHMENT ON CHAMBERS CREEK FLOODPLAIN 
TEXAS SITE 
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Figure 5.1.2-15 

JS ENCROACHMENT ON UNNAMED TRIBUTARY TO CHAMBERS CREEK FLOODPLAIN 
TEXAS SITE 
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Figure 5.1.2-158 

El E~CROACHMENT ON MILL BRANCH OF THE CHAMBERS CREEK FLOODPLAIN 
TEXAS SITE 
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External beam access area J6 is presently located in the floodplain of 
an unnamed tributary to Chambers Creek. The southeast corner of this 
facility completely crosses the floodplain (Figure 5.1.2-15). However, 
this is the upstream limit of the mapped floodplain on a watershed less 
than 3 mi2 in area. For this reason, mitigation through design layout 
and berms or levees should reduce the impacts from encroachment to 
negligible levels. 

Intermediate access area El is located in a tributary of the South Prong 
Creek. The encroachment should not create flooding impacts as the up
stream watershed is very small (less than 0. I mi2) and the encroachment 
only covers a small portion of the floodplain (figure 5.l.2-15A). Inter
mediate access area E9 is located in the Mill Branch of Chambers Creek 
(Figure 5.1.2-ISB). As the encroachment is small and the upstream 
watershed ls less than 0.8 mi2, flooding impacts are expected to be 
negligible. In addition, final placement and mitigation is expected to 
further minimize any flooding impacts. 

Two access roads, one to service area f3 and the other to access area 
EB, wouJ.d cross the stream channels of Red Oak Creek {about 1,000 ft 
wide) and Big Onion Creek (about 1,500 ft wide). Mitigation of these 
encroachments would require careful design of the bridge or -culvert used 
and the amount of roadway embankment. 

5.l.2.3 Water Quality 

The deterioration of local surface 1>ater quality is a net result of the 
additional loads of pollutants put into these waters by proposed SSC 
activities. During construction, pollutant loads could come from in
creased surface erosion, increased channel erosion, and any waste or 
spilled materials that may be impropedy handled. During operations, 
pollutant loi:ds coi.;.ld corr.e from materials washed off surfaces such as 
parking lots and roads, from channel erosion, er other sources. Waste
water effluent loads due to increasing pcpulations associated with the 
SSC would be ;mothe.r source of pollutant loads. 

-
Groundwater qua] ity changes, other than effects from radiologic and 
hazardous materials {see Secticn 5.1.6), may result from SSC construc
tion and operations. Groundwater quality could be affected by the same 
types of activities that have potential for impacting surface water. 
lmpacts to groundwater cou1d occur at those sites where there is a 
direct hydraul k connection between surface ~1ater bodies and underlying 
shallow aquifers (Colorado, Illinois, Michigan, North Carolina, 
Tennessee and Texas). Also, materials used in subsurface construction 
{e.g., concrete or metallic liners} co:fld ·interact with groundwater, 
changing its quality. 

SSC construction and operations at all sites would be carried out to 
minimize pollutant releases to groundwater and surface water. A variety 
cf mitigation measures and operations procedures are available to reduce 
the potential for wate.r quality deterioration. The potential for 
im:reased siltation and turbidity in streams due to construction-related 
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surface and channel erosion has· been discussed in Section 5.1.2.1. The 
l·ikelihood of pollutant spills due to improper handling could be reduced 
by a vi901·ous program of employee training and inz:pection. If neces
sary, facilities could be designed and constructed to treat channel 
storm water runoff prior to release into natural drainages. 

At most sites where hydraulic connections exist between surface and 
groundwater, only minimal, short term impacts to surface water quality 
are expected. The.affected area of surface water represents only a 
small portion of the recharge zone for underlying aquifers. Also, the 
filtration effect of the rock and soil through which groundwater 
recharge would move would significantly reduce the amount of particulate 
contaminants (e.g. silt) present. Filtration and dilution of recharge 
from surface waters would reduce any impacts to groundwater to negli
gible l&vels at all except the Tennessee site. At the Tennessee site, 
the shallow karst aquifer is very susceptible to contamination from 
surface sources because of the solution openfogs which commonly exter.d 
to the surface. At the Arizona site, lack of surface water and the 
great depth to the water table would effectively l imH transport of 
contaminants into the groundwater. At the Colorado and Texas sites, 
shallow allu,ial aquifers may be disturbed by surface construction. 
However, these aquifers a.re generally smal1 and discontinuous around the 
SSC site. There are no deep ground~ater supplies at the Colorado site. 
Ir; Texas, deep groundwater supplies are generally isolated from surface 
activities by impermeable rocks. Physical disturbance of aquife;-s by 
the introduction of concrete or stee 1 liners in shafts and tunne 1 s will 
affect only total dissolved solids (TDS) and common ions such as sul
fate, sodium, calcium, iron, etc.; as a result, any changes in ground
water quality would be localized and would not require any change in the 
potential use of the water. 

5.1.2.4 ~at~.r u~~ 

SSC construction and operations would cause an increase in water use. 
The primary demand would be for water directly at the site; a secondary 
demand "'lluld be for domestic water to supply tf:r. needs of project per
sonnel (initially construction personnel and, subsequently, operations 
personnel) who relocate to the SSC site vicinity. Each state has pro
posed a specific plan to supply these needs. lhree states, North 
Carolina, Tennessee, and Texas, have proposed the use of surface water 
as the primary water supply. Minor groundwater use for primary and/or 
secondary water demands would occur in all three states. Four states, 
Arizona, Colorado, Illinois, and Michigan have proposed groundwater as 
the primary proj1Kt water supply source. Arizona, Colorado, and 
Michigan would probably impact a surface water source through a secon
dary water demand on a domestic system. This evaluation takes into 
account all primary and secondary water demands on supply systems for 

- both construction and operations. 

Colorado !las 1 imited surface water in the site area. The proposed 
method of water supply ts from wells of the Horgan County Quality Water 
District. The potable water wells are located in the Hay Gulch non
tributary aquifer. Additional water demand will be met by the district's 
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other wells and, if necessary for direct supply or augmentation, by the 
purchase and conversion of existing senior agricultural water rights. 
As a backup source, transfer of surface water from the Colorado River 
Basin to the Big Thompson River (the Colorado-Big Thompson, or CBT Proj
ect) and diversion to a distributary system could be used to augment 
recharge for the primary groundwater supply for the SSC facility. 
Existing water rights would be purchased and there would be no increase 
in transfer of Colorado River water for the project. The amount of 
water needed for this recharge for the construction period is less than 
0.1 percent of the annual transfer of Big Thompson River water. Water 
use during operations would require less than l percent of the annual 
transfer amount to be used for recharge. 

Illinois has no identifiable impacts on surface water use due to the 
proposed SSC. While Illinois has significant amounts of surface water, 
very little of it is used for water supply, and no additional surface 
water use by the SSC facility beyond the current level now used by Fermilab 
has been proposed. Increased surface water use (lake Michigan, Fox River) 
by local municipalities could lessr;>n groundwater use impacts related to 
the project. 

Michigan's water use would be all groundwater except for domestic water 
supply for the population increase in Ann Arbor which would use surface 
water (primary) and groundwater. The increased surface water use in 
Colorado and Michigan due to the SSC project would be negligible. 

North Carolina, Tennessee, and Texas all propose surface water as the 
major supply for direct SSC project needs (with minor contribution of 
groundwater at remote facilities). These states would also supply some 
or all off-site domestic water needs with surface water. In Texas, dir
ect and indirect project water use for both construction and operations 
would represent a small percentage of current excess capacity in the 
region. Therefore, impacts to current water use would be negligible. 
In North Carolina, the proposed water supply for the SSC project is Lake 
Butner for the campus, injector complex, and the near cluster half of 
the ring, and Mayo Reservoir for the far cluster half' of the ring. Cur
rent off-site water supply requirements for SSC construction are pro
jected as ranging from 300 to 1,855 acre-ft/yr. lake Butner has a cur
rent safe yield of about 10,000 acre-ft/yr and an available excess of 
7,540 acre-ft/yr. Mayo Reservoir has a current safe yield of over 22,000 
acre-ft/yr and an available excess of 13,800 acre-ft/yr. The total peak 
yearly SSC direct construction period demand is 88 acre-ft in 1992 or 
less than 2 percent of the available excess of either of these supply 
sources. 

The estimated peak off-site domestic water use also occurs in 1992. For 
assessment purposes, it is assumed that the additional demand for water 
in Durham County would be met by the city of Durham's water supply reser
voirs Lake Michie and the recently completed Little River Reservoir; the 
additional demand in Granville and Person Counties would be met by Kerr 
Reservoir and Lake Isaac Walton, respectively. The little River Reser-
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voir has a safe yield of 24,000 acre-ft/yr. Together with Lake Michie, 
the two reservoirs now provide Durham a combined safe yield of 47,500 
&ere-ft/yr and an available excess of about 21,/QO acre-ft/yr. There
fore, the estimated peak domestic use in Durham County (565 acre-ft/yr) 
would be less than 3 percent of the excess. The current available ex
cess from Kerr Reservoir is about 3,500 acre-ft/yr. Tne estimated peak 
domestic use increase in Granville County (110 acre-ft/yr) would be less 
than 4 percent of this excess. In Person County, the estimated peak 
domestic use increase (50 acre-ft/yr) wo1Jld be less than 2 percent of 
the current available excess water in lake Isaac Walton, currently about 
4,700 acre-ft/yr. For all counties, the impacts from the combfoed 
effects of direct SSC construction usa of water and off-site increases 
in domestic water use would be expected to be negligible. 

The E~pected <'p0rations water use cf th·~ SSC facility would be 4C·O acre
ft/y~· from Mayo Reservoir and I, 715 acre-ft/yr from take But~er. This 
is fess than 4 per~ent of tha available exc~ss water from Mayo Reser
voir, a1;d 23 percent. of the ava'ilable exu:ss of Lake Butner. ihese 
increased water _use impac.ts are measurable ana unavoidable. iioweve'f, 
because they are well within the existing systems' capacitie~ :and avail
al>le excess water, they are not considered as significant impa(.ts. 

It is assumed that, during operations, th!! •uldHional demand for water 
in Durham County would be met by the city of Durham's water supply 
reservoirs Lake Michie and the tittle River Reservoir; the additional 
demand in Granville and Person Counties would be met by Kerr Reservoir 
and lake Isaac Walton, respectively. The domestic water use projected 
for Durham County beginning in 1996 is 415 to 550 acre-ft/yr, or up to 3 . 
percent of the combined excess of lake Michie and Little River Reservoir. 
Granville County is expected to have domestic water use increase .of 80 · 
to 105 acre-ft/yr, up to 3 percent of the currently available excess 
water from K·<:rr Reservo"ir. Water use in Person County during operations 
is projected to be 35 to 45 acre-ft/yr, or up to 1 percent of the 
currently available excess. 

These water use increases constitute a measurable regional impact to the 
water s1m;:ily systems of the area. However, these increases would prob
ably not requ·ire any changes to the existing sy$tems, unless the avail
able excess water declines dramatically. 

In Tcrmessee, mo~t of the proposed water supply is surface water from a 
number of small to moderat~ly-sized systems. fhe combined primary and 
secondary water use for both construction and operations represents a 
small percentage (generally less than.10 percent) of the total available 
excess supply capacity of these tystems. Even if the smaller systems 
pro~ide all on-site and off-site water, sufficient excess capacity 
exists. Therefore, the expected impacts are negligible. 

At an site alternatives, localized groundwater level declines related 
to direct or indirect project water use and/or project construction 
activities, such as dewatering for groundwater flow control, are antici-
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pated. Such declines would be in the range of a few feet to a few tens 
of feet, would be localized and would last only during construction. On 
a regional scale, groundwater level declines would be negligible at all 
sites dur"ing construction because of the limited water volumes required. 

Operations impacts to groundwater resources would be greater at site 
alternatives where overdraft of groundwater resources is presently a 
regional issue or where proposed increased groundwater use would initiate 
or worsen a local overdraft condition. An increased public water supply 
requirement would occur for couununHies in the general vicinity of all 
the proposed site alternatives. During operations, on-site project 
water use would be significantly greater than during construction·and an 
impact on local water levels and aquifer overdraft would be anticipated 
in Illinois, Michigan, and Texas. 

At the Illinois site, the water level/overdraft impacts from indirect 
project water use by in-migrants and secondarily induced population 
growth during construction and continuing through operations would be 
measurable at the regional level and potentially long-term. Given the 
present pattern of water use in the Illinois site vicinity, it must be 
assumed that most of the projected increase, ranging from 125 to over 
820 acre-ft/yr, would be derived from municipal groundwater pumping. 
Increased pumping would occur primarily from the deep sandstone or 
Cambrian-Ordovician aquifer. There would be a decrease in long-term 
groundwater availability essentially equivalent to the amount pumped 
from the overdrafted aquifers. The wide distribution of use suggests 
that water level declines near individual wells or well fields would be 
sma 11 and very localized. A reduction ·in re 1i ance on groundwater from 
the deep bedrock aquifer by municipalities in the region is the only 
practical mitigation for the impact. Plans exist for about 30 munici
palities in DuPage County to begin to import and use surface water from 
Lake Michigan in the 1992-2000 time frame. Other local surface water 
sources, such as the Fox River, may also be used to replace some amount 
of municipal deep groundwater use. Municipalities, especially those in 
the immediate SSC site vicinity, could also diversify groundwater pumpage 
and develop the glacial and shallow bedrock aquifers which are not over
drafted within the SSC site. This latter change would not conflict with 
the present and future domestic groundwater withdrawals from the shall ow 
aquifers. Even if it is assumed that these potential mitigations do not 
occur in a timely manner, the impact, however, would not be signif·icant 
because of the wide areal distril)ution of the increased groundwater use 
(very limited local effect). The ma,jor aquifers are already locally or 
regionally overdrafted and the project-related water use would be a 
small and very distributed increment to the existing condition. 

~.; 

In Michigan, water level/overdraft impacts from indirect project water 
use during construction and continuing through operations would be mea
surable at the regional level ~nd long-term. The increased use would be 
distributed over a ten-county area within which recent (1984) mun'icipal 
groundwater use was about 100,000 acre-ft. However, it is assumed that 
a significant portion of the projected use would occur in the communities 
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of Lansing and Jackson, the two largest communities near the site. 
These two communities are also the only areas where localized 
groundwater overdraft is documented by areal declines ·in water levels 
(see Appendix 5). Increased groundwater withdrawals related to indirect 
project use would slightly increase any existing areal water level 
declines in the vicinity of any other potentially affected communities; 
however, data for evaluation is limited. There are no easily developed 
alternati•1e supply sources or plans for development for either of the 
communities most affected. Consequently, it is assumed that the impact 
cannot be effectively mitigated within the time frame of the project. 
The impact would not be significant because the incremental use related 
to the project is very small in relation to present use in the two most 
affected communities (maximum of 100 to 250 acre-ft/yr versus 1984 usage 
of about 11,000 and 38,000 acre-ft for the Jackson ar.d Lansing areas, 
respectively). Groundwater recharge in the project vicinity is 
estimated to be approximately 100 acre-ft/yr/mi2. 

In Texas, most of the water for both SSC construction and operations, 
for both on-site and indirect off-site needs, will come from surface 
water sources. During the SSC operations, the period of maximum water 
use, about 20 percent will be supplied from groundwater. This use 
represents slightly less than one percent of the 1985 total groundwater 
use in Dallas, Ellis, and Tarrant counties, the principal counties to be 
impacted by the water needs of the project. Nevertheless, groundwater 
level/ overdraft impacts from direct and indirect operations water 
withdrawals would be measurable at the regional level and long-term. 
The Woodbine and Twin Moun.ta ins aquifers are confined aquifers with 
relatively low transmissivities. The Woodbine and Twin Mountains 
aquifers are also presently overdrafted regionally as evidenced by 
declining water levels. Because the p;esent overdrafting would be 
increased by project-related water withdrawals and because the aquifers 
are the major supply aquifers in the area, the impact is considered to 
be measurable. There is no effective mitigation for the water level/ 
overdraft impact. The impact is not viewed as significant since the 
regional overdraft condition exists and project water requirements would 
increase the apparent level of overdraft on·ly slightly. 

At the Arizona site, water level/overdraft impacts from direct project 
water withdrawals would be measurable and long-term at the regional 
level. The total projected on-site water use for operations would be 
derived from a well field in northern Vekal Valley. The required with
drawals are equivalent to a continuous pumping rate of 1,350 gal/min or 
450 gal/min/well if three wells are used. This level of pumping should 
result in long-term drawdowns of several tens of feet at distances of 
approximately I mi from the wells. One well used for watering livestock 
in the BLM South Vekol Allotment would be in the affected area. 

Overdrafting of the groundwater basin may be indicated because annual 
total withdrawals (SSC and other users) of 2,225 acre-ft would exceed 
the estimated annual recharge (1,200 acre-ft) to the northern Vekol 
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Valley groundwater basin. Estimated annual recharge values are approxi
m>te and the difference between 1, 200 2cr-c- ft/yr and 2, 200 acre-ft/yr 
may rot be sufficient to promote regional water level declires. It is 
estirr:ated that from 2 to 3.1 milli::m acre-ft of groundwater is in stor· 
age i~ the northern l/ekol Valley groundwater basin, and if pumpage wr.re 
to ex(ced recharge by 1,000 acre-ft/yr for the 1 ife of the project, only 
30,000 acre-ft of groundwater would be withdrawn from storage in Vekol 
Va 11 ey. This represents 1 ess than l perc£nt of the ground~ater i 11 

storage. Although the State of Arizona has historiaally allowed over
drafting of groundwater basins and will continua to allow overdrafting 
until tl1e year 2025, the impact of ground~aler withdrawals for opera
tions water use in Arizona would be measurable. The impact is not 
viewed as sisnificant since the SSC water requirements would be less 
than 1 percent of the groundwater in storage . 

. ~ potEntial mitigation for water level and overdraft impacts is impor
tation and use of CAP water for all or a portion of operations indus
trial water requirements. lhis would result, however, in other impacts 
from pipeline construction and limiting other uses of CAP water. 

Only a negligible impact is projected in Colorado, North Carolina, and 
Tennessee because of limited competition for the available groundwater 
resources or a very 1 imited project groundwater use or purchase of 
existing use rather than additional groundwater de~eiopment. 

5.1.3 Air Quality 

The assessment of air quiility impacts in the DEIS was intended as a 
worst-case analysis. This resulted in the DEIS evaluation that there 
would be some violations of ambient air q1Jality standards (AAQS). These 
projected violations were raised as a major concern by commenters on the 
DEIS. The DOE is committed to complying with all AAQS in the construc
tion and operations of the SSC. lherefore, the Final EIS (FEIS} analysis 
has been revised to include more efficient mitigation measures to bring 
the emissions from the SSC within standards. The FEIS also discusses 
the availability of additional mitigation measures that are available to 
the DOE to further reduce emissfons. Additional changes in the FEIS 
resulted from comments received on the DEIS and further refinements in 
analyses. 

SSC impacts on air quality were assessed through: 1) identification of 
air pollutant emissions associated with SSC preconstruction, construc
tion, and operations, 2) quantification of the emissions, 3) determina
tion of the location of the emissions, and 4) a quantitative comparison 
between the emissions estimates and the amb·ient conditions. Standard 
emission control equipment and methods are included. Ground-level 
concentrations are determined from established air d·ispersion modeling 
techniques, added to background concentrations, and compared to the 
National or State Ambient Air Quality Standards (AAQS). 
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Construction and operations of the SSC would result in increased emis
sions of total suspended particulates (TSP), fine particulate matter 
having an equivalent aerodynamic diameter of 10 microns or less (PM10), 
oxides of nitrogen (NOx), carbon monoxide (CO), hydrocarbons (HC), and 
sulfur dioxide (SOz). Other conventional air pollutants such as ozone 
would not be directly emitted. Additional background information on air 
quality is provided in Appendix a. Assessments associated with airborne 
e1rdssions of radiological, hazardous, or toxk materials are discussed 
in Section 5.1.6. 

The several individual facilities that comprise the SSC were evaluated 
for regional impacts as one source and for local impacts as individual 
sources, i.e., each service area. Mhile the SSC encompasses a 53-mi 
ring and has several surface facilities, it does not qualify as a major 
source of air pollutants under Prevention of Significant Deterioration 
(PSD) programs. As discussed with the air quality regulatory agencies 
within each of the seven states, and supported by a review of their 
regulations, no PSD permit would be needed for the SSC project, nor 
would it be subject to Part D New Source Review (NSR) for major sources. 
General NSR would apply (40 CFR 51.160-164). 

While a PSD permit would not be required, the substantial emissions 
during SSC construction may affect the host State's management of its 
Clean Air Act program. For example, construction emiss·ions, other than 
from mobile sources, would count against allowable increases (i.e., 
consume "PSD increment" if these emissions significantly impact a base
line area). An exclusion from increment consumption may be available 
for TSP from construction activities upon written request to the EPA 
administrato1·. EPA is expected to promulgate final rules for a PSD 
program for NOx by Fall late 1988 (proposed rules 53 FR 3698, February 
8, 1988). This program may require that N02 from mobile sources also 
consume PSD increment. 

5.1.3.l SSC Pollut~nt Emissions 

A. £!::?construction 

The limited on-site activities of preconstruction (including land 
surveying for design and acquisition purposes, borehole drilling for 
geotechnical investigations, and environmental surveys) would tempo
rarily emit very small amounts of pollutants. These emissions, 
including those associated with vehicles to transport the equipment and 
workers, are much less than for construction and, in general, would be 
completed prior to construction. Resultant impacts to the ambient air 
quality, even locally, would be negligible. 

B. Construction 

During construction, air pollutant emissions would be associated with 
construction equipment used for tunneling, spoils handling, building, 
and road and infrastructure development. 
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The emission estimates developed are categorized in two ways: 1) the 
exhaust pipe emissions resulting from the combustion of fuels in the 
various types of construction equipment an~ commuter traffic; and 2) the 
dust emissions resulting from earth and rock handling activities and 
traffic over unpaved and paved construction sites and roads. Because of 
the size of the project, construction activities wou·ld be spread out 
over a large area and are not contiguous throughout the whole 53-mi 
ring. 

Total emissions were calculated for each location subactivity such as 
the collider ring construction, campus construction, or injector con
struction, and were based on an estimate of numbers, use and types of 
equipment, fuel requirements, spoils generation rates, etc. Because the 
construction of the SSC would cover a 6- to 7-yr period, a ratio of peak 
year activity to total activity was determ·ined for each identified 
activity on the project construction schedule (see Appendix I). The 
peak year emissions were then summed, producing a worst-case peak year 
emission rate. Actual peak year emissions would be less because the 
peak year for each activity would not coincide. 

Table 5.1.3-1 compares the construction emissions inventories occurring 
in the potential host counties for the seven sites. On an absolute 
basis, the pollutant emissions would be significant when compared to the 
limits in the PSD regulations (40 CFR 52.21). It should be noted, how
ever, that when calculating emission levels that would trigger the 
requirement for PSD permits, neither exhaust pipe emissions from mobile 
construction equipment or convnuter traffic are included. The state air 
pollution control agency responsible for managing PSO increments would 
have to consider these emissions. The differences among the emission 
inventories for the seven sites are due largely to the following: 

o The injector area at the Illinois site is already available 
(Fermilab). 

o The Arizona site includes 11 percent of the collider ring as 
cut-and-cover construction; all other sites propose a 100 
percer.t tunneled collider ring. 

o The amount of off-site road. development varies and is highest 
in Colorado. 

o Commute distances for construct·ion workers vary. 

o Local factors affecting dust generation, such as wind speed, 
surface soil silt content, rain days per year, surface soil 
moisture, and volume of spoils generated, differ on a site
specific basis. 

Table 5.1.3-1 also compares the SSC construction emissions to those 
currently existing in counties (Chapter 4) potentially hosting the SSC. 
The increases in Table 5.1.3-1 are considered negligible because of 
their low values and temporary nature. 
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Table 5.1.3-l 

COMPARISON OF CONSTRUCTION [HISSiONS TO EXISTING CONDITIONS 
IN POTENTIAL HOST AREAS 

AZ CO IL 
Emission P.e1atiwe2,3 Emisslor. Relat1ve (mission Relative 

Rate Increase 
Ton/pk-yr! l 

Rate lncrease ~ate Increase 
Ton/pk-yr! X Ton/pk-yr! l Po11utar,t 

co 1.240 o.s I, 260 1.2 600 0.3 

HC 120 O.l 130 0.5 70 0.1 

NO, 770 o.s 620 1.2 410 1.2 

SOz 80 o.s 50 0.2 40 0.8 

TS? l, 16J 0.4 1,330 1.2 660 2.0 

1. Tpn/µ~k-yr r-Qunc.!ec;t to t_e1is of tans 
2. Rel~~tvf 1r.cr~-~t! 9ve;r e)i\isting emissions in pcter.tial host cou!1t1es 
3. Roijnded to one significant digit 

HI 
Em;ssion Relative 

Rats • lncr:ease 
Ton/pk-yr~ % 

640 0.5 

70 0.2 

490 2.2 

50 0.3 

640 1.8 

NC 
Emission Relative 

Rate Increase 
Tol'!/pk-}Tl % 

750 1.3 

80 0.4 

480 0.6 

50 <0.1 

730 2.8 

TN 
£mission 

Rate 
Ton/pk-yrl 

720 

80 

450 

50 

790 

Relative 
Increase 

% 

1.5 

0.3 

4.2 

1.2 

3.3 

TX 
Emission Relativ. 

Rate 
1 

Increa:sci 
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80 
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Pollutant 

co 
HC 

NO. 

S02 

TSP 

AZ 
Em1ss1\"' Relative 

Rate InereaseZ 
ton/yr % 

510 

40 

60 

<I 

350 

0.19 

0.04 

0.06 

<0.01 

0.12 

1. Rounded to nearest ton 
2. Rounded to two significant d1gits 

Table 5.1.3-2 

COMPARISON OF OPERATION EMISSIONS TO EXISTING CONDITIONS 
IN POTENTIAL HOST AREAS 

co 
E.~lssion Relative 

Rate Increase 
ton/yr % 

560 

50 

70 

<I 

370 

0.55 

0.17 

0.14 

<0.01 

0.33 

IL 
Emission Relative 

Rate increase 
ton/yr X 

210 

20 

40 

<1 

140 

0.12 

0.03 

0.10 

<0.02 

0.41 

Ml 
Em1ss1on Relative 

Rate Increase 
ton/yr X 

160 

10 

30 

<I 

110 

C.14 

0.04 

0.13 

<0.01 

0.30 

NC 
Emission Relative 

P.ate Ir.crease 
ton/yr X 

250 0.45 

zo 0.10 

30 0.04 

<I <0.01 

170 C.65 

Tif 
Emisslcn R!?lJth1e 

Rate lncre!se 
ton/yr ' 

250 0.51 

20 0.03 

30 0.30 

<l <0.03 

70 c 29 

TX 
ET>1ss1on Relative 

Rate Increase 
ton/yr % 

210 0.84 

20 0.23 ...., 
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Ouri ng SSC opera ti O!ls, co:went tonal a fr po 11 utan t emi .s s ions would be 
relatively small {"less ll:ian 20 t~,n/yr}, comparable to ty;iical $man 
commercia-1 er light inciustrial sourc;;:s. For most operaticns, no 
conventional air pollutant ea1issions would result. One miner source 
would te the co1:1bustion of n;tural gas for heating purposes. Emissions 
frcm this operation a~e included in Table 5.1.3-2. These emissions 
~m;,dd b,, spread out. in at least 12 different building$ io the 
c~mpus/1!1ject.:r :area. Differences amo?lq states would result from 
c1 iitate. It is estimated th:at o-;er l,GOU p;;o.p1e wuuld work at the ~,sc. 
The ex'".~ust pipe emhsions resulting frc1, tl:!ei'i- commute traffic in ttte 
potenti-';i ho~t counties are a"lso includ<:>d ii1 Table S.l'.3-2. 

The SSC conccr-tual d'~sign include:;. five emerg:e:?cy d:iesel-Hred electric 
generators rat'"d at 100 kW e;;ch a:;1d 22 generators rated a't 50 kW ea:ch, 
resulting in a tot a 1 project capacity of 1, 600 kW. Nonemergency use of 
these gencrato~·s is expected ta consist of 1 h1111'r of operat.i;on e,very 
2 weeks to demonstrate readiness. Other s-atrrces: of emt sst11JFs at the 
site would include painting, oµer-attons,, the particulate- lllilltter asso
ciated with cooHn:g tower drift foss., scflvent evapora·hor;r, from hand _wipe 
ope rat hms in the vehicle ma·tntenance and macntr:i:e shop;s., lal:l"ratory fume 
hood vei1ts, sawdust em.iss icms from the carpefttry sbnp. allld f~i.ti.ve 
hydrocarbon emissions from, th~ cryogenics pla:nts $paced! appnix:ima:tely 
every 5 mi aroond th:e ring. 

The emissions points would be provided with the required air pollution 
contra l equipment. Each of these sources would constitute a sma 11 
increment compared to the constructfon enrri sstons (a:nd to the emhstons-
a l ready occurring in most of the seven: sites). In a.ggregate, they would 
be below the levi:l s requiring a PSO permit. 

Also presented in Table 5.1.3-2 are compar_isons cf the emissions rela:
tive to the existing inventories in the h<lh-counties as estimated by 
the EPA. 

Estimates of the downwind po-llut.ant umcentrat·icins resulti119'. from em·is
sions inventories were made usir..g atmospheric d-tspe.rsicm model's such as 
those provided by the EPA in its Users Neb1o:rk for Applied Mlldelin~ cf 
Air Pollution (l:JNAMAP} packa~. As su.ggesW in EP-A's &u:tdeli111es on. Air 
Quality Models (revised) (EPA 450/2-78-27R, U.S. Department of Energy 
1986) the UNAMAP's h1dustrtal Source Complex (ISf) model and s.ite
specific metearologi.cal data (U.S. Department of Commerce 1988:} were 
used in the an-a.lysi-s. In additioo, the co.11stnictica emi·s:sion.s tnve11-
tories were used: to estimate the worst reasonably fo-reseea:ble 9Tounlit
level pollut<snt concentrations oetside of tb-e S-St: P'll'0perty. These would 
be temporary' and wool di c:e3!se when con:structi1m concluded. 

1CHPSX3368871 EIS Volume I Chapter S 



Environmental Consequences and Mitigative Measures 5-70 

There are no major sources of air pollution associated with preconstruc
tion activities. Because the SSC does not have any large traditional 
sources that would generate air pollutant emissions, contributions of 
pollutants during operations would be negligible as shown in Table 
5.1.3-2. 

Dispersion of air pollutants is highly dependent on the distance between 
the source and the receptor. This is particularly true for near ground
level em·issions associated with construction. An analysis of the emis
sion inventory identified two areas where the potential impacts to the 
public were highest: the campus/injector area, primarily because of the 
large amount of construction activity; and the satellite E and F sites, 
because of the short distances between the source and the nearest pos
sible member of the public. The highest off-site pollutant concentra
tions would occur during tunnel construction at the sites where there is 
no property buffer, i.e., the satellite E and F sites. 

Table 5.1.3-3 summarizes the worst reasonably foreseeable or maximum 
off-site pollutant concentrations during the temporary construction 
period. They all.occur near the property line, at satellite E and F 
sites, and decrease rapidly with distance downwind. Several states 
appear to exceed the 8-hour CO standard. This is because the background 
values were measured in large metropolitan centers and are not repre
sentative of the SSC site in each case. The values were used because 
they were the only data available. SSC-related emissions of CO are not 
expected to cause or to significantly worsen exceedances of CO 
staRdards. 

One state, Arizona, appears to exceed the annual TSP standard. This is 
also because of high background data, in this case collected in 1978. 
Current monitoring data - not used in this EIS because 12 months worth 
are not yet available - indicate that the Arizona site will comply with 
this annual standard. 

The value of 150 µ.g/m 3 24-hour average for TSP is exceeded in North 
Carolina where it is a primary standard and in Colorado, Illinois, 
Michigan and Tennessee where it is a secondary standard. In Colorado 
and Illinois this is also the result of high background levels which 
quite possibly can be reevaluated with respect to the EPA fugitive dust 
policy in rural areas which allows the exclusion of infrequent high dust 
level days under the general philosophy that they were due to natural 
causes or were a unique occurrence such as a farmer ·plowing a field. 

For the other three states, background data used were from metropolitan 
centers rather than from the rural sites. In addition to the possibil
ity of developing better background values as discussed above, the 
analysis .itself can be fine-tuned. The assumptions used to develop the 
emissions inventory and to run the model, coupled with the limited 
design and construction planning information available and the conser
vatively high fugitive dust emission factors used, ensure that this was 
an upper bound analysis. A more detailed, in-depth analysis, which can 
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Table !i,1.3-3 
• 

WORST REASONABLY FORESEEABLE AMBIENT AIR CONCENTRATIONS 
RESULTING FROM SSC co~~STRUCTION 

Nat 1ona i 
or St2::e 

Po11utaff!/Avg. Time AAQ:ll AZ 
~aCkground o1us SSC impactl 

CO IL HJ NC TN 
{V-:ilues for SSC contribl<tion are in parel'ltheses)2 

-----------···-·-------------------

TX 

co - \ h 40,CQO t4,Sl0 1,460 9,475 24,8764 z7,j444 1B,IJ94 JZ,280 

(1,058) (l.168) (.l,!7S) (1,176) (\.144) (1,119) (1,170) 

co - 8 h lO.COIJ 

100 

15? - 24 h 

Annual 

PM10 - .. ~rmual 50 

1,743 
(86/) 

91 
(15) 

71 

(.10) 

IO 

( 8) 

149 

(58) 

g3fi 

( 13) 

>9 

l ,6J6 

(470) 

37 
(33) 

44 
(23) 

1 

( 4) 

2016 

(47) 

.i\11 "Va1ues are ln 11ricrograms/fll3 
2 Receptor 1ocet ion 150 m downwind from E or F s i tt?. 

6.193 
(793) 

41 
(2l) 

199 
(.>I) 

10 
(2) 

51 

l ~) 

>3 

JJ.3484 15.9584 12,6814 
(848) (958) (681) 

76 
(42) 

137 
(18) 

20 

(>) 

51 
(6) 

>S 

71 
(43) 

136 

(46) 

20 
(5) 

55 

(8) 

>5 

80 
( 31) 

140 
(29} 

35 
( l J 

1566 

(66) 

52 
(8) 

>5 

9,202 
(842) 

60 
(32) 

87 
(JI) 

12 
(4) 

130 
( 75) 

39 
(7) 

>4 

.'3 Greater than (>) lnd~cetes ~hat only the c,::;c 1mpdct is p1eser.tE!d hecn.t-se background 
PM1u ddta is not avai1oble. 

-1 The Michigan, N;:irth Carn1i;~~. and Terir;e~ $ee ::llt':s are adrr.i'1i~trath1e1y considered to b~~ 
i.'1 a.ttainment fo1· CO. The backgrou:--.d tin.'..d uszU are f1·c.11 the Detroit. Durham, a.~.d Nds.hvil1e 
metropolitan arecis. lri all li~.cllhcod, the SSC project 1::; not expf.:cted to caU(ie thP. carbon 
r.;onox·ide NAAQS to be exceed"'d at cir:y s )te. 

'S fJorth Carolina ob:>erves 150 µg/m1 for t~:s stai'ldard. All others use this value as a 
secondary standard. 

6 Exceedence is result o~ hlgh background not characteristic of SSC site. 
7 A 11 states use 60 pg/m as $e<:ondary s~dfldard. 
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only be performed once the site is selected and morn design and con
struction planning information is available, will produce lower values 
that should show compliance. 

An analysis of this type would be done after site selection in the 
Supplemental EIS or in preparation of the state construction permit 
application. 

Traffic emissions were not explicitly modeled because their large spa
tial di stri but ion would tend to disperse pollutants. Proposed SSC sit es 
in Illinois, Michigan, and Tennessee are within regions that are desig
nated as nonattainment for ozone. After site selection, thr: <;tate 
agency responsi b"I e and/or the region al EPA off-ice wi 11 be consulted to 
determine w~ .. ~ther offsets are requi rad for any nonatta i i;me:it poll ut?.nts. 

Standard industrial practice for the control of fugitive dust, Stt(b as 
watering and chemica 1 soi 1 s stabilizers was ass<u11ed during the con
struct i oo phase Pmissions inventor_y. for activities at any E a'1d F 
areas having ri:;sidences in very close prold.nity, identifie<l pussible 
mitigations include: wind screens, enclosures, construction scheduling, 
add-on dust removal equipment, etc. Possible mitigations for control of 
fugitive dust emissions from spoils dispo,;al areas include th'~ u;e of 
soil stabllizinq agents in inactive areas and water sprays in attive 
areas. These mitigations could be consid~red on a casf,-by-case ba.s is 
during the detailed constrnction planning stag<' of the project if 
necessary. All or combinations of these mitigations would be considered 
during detailed design to further reduce the off-site ground-level 
concentrations. 

5.1.4 Noise and Vibration 

5.1.4.l Noise I!llPJ!ill 

Noise, simply defined as unwanted sound, has the potential to produce 
significant adverse environ.mental impacts. Advtirse i111p<1cts are realized 
through both high human annoyance and general noisa environment degrada
tion (inc;eases in the ambient noise ·1evel}. Section 5.1.4-1 discu::;ses 
the pr.ijected noise en vi rnnmenta 1 degrddat lot\ <W:i amll i e11t so1111d 1 eve l 
increas•.'S that would be perceived by peopfo at t~e site alternatives. 
The assessments performed and the n'Jmerital re:.ults develope·j are 
described ir> greater detail in Aripendix 9. 

A. !)~1.!Jnjj, in.!L.9f lmilc ts 

Impacts due to increased noise levels rcq .. iire dehnit ion in terms of 
duration, intensity, and type of impact. Terms i.~ed in this analysis 
are operationally defined below. A comparison of noise levels from 
common sources is provided for generd.·I reference in Table 5.1.4-1. 

-
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L£THAL 

ntRESHOLD OF PAIN 
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Table 5.1.4-1 

SOUND LEVELS OF SEVERAL MECHANICAL· DEVICES 

dBA* 

-180-
-175-
-170-
-165-
-160-
-155-
-150-
-145-

Sonic Boom -140-
-135-

-130-
Jet Takeoff ot 200 ft -125-

·120-
-115-

PflYSJCAL DISCOMrORT Motorcycle at 20 ft -llO-
Discotheque 

Jackhanmer (Peak) 
P-r-r 
Loader 

~ Tl"UCI< -.um
· 105-
-104-
·100-

Freight Train at 50 ft -95-
Propeller Plane Fly-Over at 1,000 ft -90-

·85-
Freeway Traffic at 50 ft -80-

-75-
Average Traffic at 100 ft -70-

·65-
-60-

-55-

Newspaper Press 
Food Blender 
Electric Mixer . 
Washing Machine; Alano Clock; Garbage 
Disposal; Electric Can Opener 
Office with Tabulating Machines 
Vacu1.1n Cleaner: Portable Fan 
Electric Typewriter at 10 ft 
Dishwasher Rinse at 10 ft; Air 
Conditioning Unit 

·50- Nonoa l Conversation at 12 ft 
Light Traffic at 100 ft -45- Refrigerator 

-40-
·35- L lbrai·y 
-30-
-2~-
-20- Motion Picture Studio 
-15-
·10- leaves Rustling 
-5-

TllRESllOLO OF HEARING 
-0-

*The unit of sound is the decibel (dB). The level of sound ls typically measured using a sound 
meter. the A-scale, which corresponds closely to the way the human ear perceives sound. Therefore, 
the sound level for noise evaluations Is frequently expressed in dBA. 
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I. Duration 

Short-term impacts are projected temporary or transient effects of the 
proposed project caused by construction activities. Long-term impacts 
are projected effects of the proposed project which wot1ld oc::;ur during 
the operations phase. 

2. Intensit•1 aniLI11!!L9f Impact 

Noise produced by project activities might JJrOduce trso relat•~d impacts. 

The first type of impact would be the response of people to increased 
noise levels and can be quantified as a perc.entage of those a.ffected who 
would be highly annoyed by the increased noise level. This measure 
{percent of people highly annoyed} is a single indic;itor of the general 
adverse reaction of people to noise. High annoyance arises as a 
consequence of activity interference and interruption caused by noise; 
and as such, effectively su1M1arizes noise impacts on humans. High 
annoyance has also been correlated by a lartJe set of data which allows 
response, expressed as a percentage of population highly ar:noyt!d, to be 
characterized as a function of the day-night average sound level { Ldn), 
which is the dominant noise measure used in this assessment. {:luid~Jines 
for Noise_JIJW._act Analysis (U.S. EPA 1982) recommends that the relation
ship shown in Table 5.1.4-2 be used for correlating the percentage cf 
those highly annoyed with the resultant day-night average noise level. 

High annoyance, as a function of day-night average sound level, was 
developed from surveys of comiunity reaction to {primarily) aircraft 
noise, as well as some traffic and rail road noise in urban areas {US 
EPA, 1982). The degree of high annoyance produced by a given day-n·ight 
average sound level in rural areas would be expected to be different 
from the high annoyance produced in urban areas. Therefore, although 
the percentage of humans highly annoyed by project noise is calculated 
as a function of distance, the population measure of the noise impact is 
expressed in terms of numbers of people exposed to a given day-night 
aYerage sound level. 

The second type of impact is general degradation of the noise environ
ment which occurs both in the presence of and the absence of humans. 
Noise environmental degradation results from destruction of tranquility 
in wilderness areas to which urban dwellers go to escape city noise; or 
because the area is mc1de unsuitable for futur·e residential or other 
human development. In each of these cases, the quality of the environ
ment is lowered {U.S. Environmental Protection Agency 1982). 

Noise impacts are assessed in terms of quantification of the degree of 
noise level increase. In this assessment, general noise environment 
degradation is addressed in areas that experience an increase of 
1) greater than 10 dBA, 2) between 3 and 10 dBA, and 3) less than 3 dBA. 
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Table 5.1.4-2 

HIGH ANNOYANCE vs DAY-NIGHT AVERAGE SOUND LEVEL 

Day-Night Average 
Sound Level (Ldn) 

40 
45 
50 
SS 
60 
65 
70 
75 

Source: U.S. Enviror.mantal Protection Agency 1982. 

ICHPSX3318877 

Percentage of Those 
Highly Annoyed 

0 
0 
2.3 
4.6 
8.7 

15.2 
24.5 
36.9 

EIS Volume I Chapter 5 



Environmental Consequences and Mitigative Measures 5-76 

Sfoce sound levels add up logarithmically, adding a 40-dBA noise source 
to a 40-dBA background would result in a new no·ise level of 43 dBA, 
which represents a 3-dBA increase over the background level. However, 
adding a 40-dBA no·i se source to a 50-dBA background would not produce a 
noise level increase. 

B. Noise Impact Assessments 

Schools, residences, groups ·of residences, parks, camps, and wildlife 
refuges at each of the proposed sites are plotted on Figures 5.1.4-1 
through 5.1.4-7. These figures were compiled from USGS quadrangles, 
aerial photographs, photos taken during site vis its, and from information 
provided by site proposer groups. In general, this information yielded 
the number of houses located within certain levels of noise impact. The 
number of houses expected to be impacted by construction and operations 
at Service and intermediate access areas is provided in Tables 5.1.4-3 
through 5.1.4-9. The number of people in these households is estimated 
by using current census data of average occupancy per household (US 
Bureau of the Census 1988). Numbers of people expected to be impacted 
by construction and operations at service and intermediate access areas 
is provided in Table 5.1.4-10. 

1. Construction 

Noise would be generated by vehicle traffic, heavy-equipment operations, 
compressors, and road construction. The large spatial distribution of 
the noise sources would produce separate impacts from several sources, 
but no cumulative impacts from project activities as a whole. 

A. Service/Intermediate Access Areas 

During the construction phase, activities at service areas F and interme
diate access areas E would have the greatest likelihood of causing noise 
impacts. Since these areas would be relatively small, they would have 
the greatest potential to be located close to residences and other sensi
tive locations. Furthermore, tunnel boring at each of these areas would 
be 24 h/d for 10 mo. The analysis presented in Appendix 9 indicates 
that noise levels at these sites would be expected to reach a day-night 
average sound level (Ldn) of 70 dBA at 630 ft from the center of a con
struction site and 60 dBA within 2,000 ft of the center of a construction 
site. Noise contours from the day and night construction scenarios are 
shown in Figures 5.1.4-8 and 5.1.4-9. 

Impacts as a result of this noise would take two forms: high human 
annoyance and general degradation of the noise environment. Approxi
mately 9 percent of those people living within 2,000 ft of the center of 
an E or F site, and 25 percent of those living within 630 ft of the 
center of an E or F site would be highly annoyed by the construction 
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Facility 

El 
Fl 
E2 
F2 
E3 
F3 
E4 
F4 
E5 
FS 
E6 
F6 
E7 
F7 
ES 
FS 
E9 
F9 
EIO 
FIO 

Total 
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Table 5.1.4-3 

ESTIMATED POPULATION DISTRIBUTION 
CONSTRUCTION P~.ASE 

E AND F AREAS 
ARIZONA SSC SITE 

Number of Houses Receivir.9 

Greater than 70 Between 60 and 
dBA ldn* 70 dBA Ldn** 

0 0 
0 0 
0 0 
8 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 _ o _o _ 

0 0 

*Within 630 ft of the center of an E or F Area. 
**Within 2,000 ft of the center of an E or F Area. 
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Facility 

El 
Fl 
E2 
F2 
E3 
F3 
E4 
F4 
ES 
rs 
E6 
F6 
E7 
F7 
ES 
F8 
E9 
F9 
ElO 
FlO 

Total 
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Table 5.1.4-4 

ESTIMATED POPULATION DISTRIBUTION 
CONSTRUCTION PHASE 

E AND F AREAS 
COLORADO SSC SITE 

Number of Houses Receiving 

Greater than 70 Between 60 and 
dBA Ldn* 70 dBA Ldn** 

0 0 
0 0 
0 0 
0 0 
J 0 
1 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

_o _o_ 

2 1 

.. Within 630 ft of the center of an E or F P.rea. 
"*Within 2,000 ft of the center of an E or F Area. 
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Facility 

El 
Fl 
E2 
F2 
E3 
F3 
[4 
F4 
E!i 
F5 
E6 
F6 
E7 
F7 
EB 
FS 
E9 
F9 
ElO 
FlO 

Total 
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Table 5.1.4-5 

ESTIHATED POPULATION DISTRIBUTION 
CONSTRUCTION PHASE 

E AHD F AREAS 
ILLINOIS SSC SITE 

Number of Houses Receiving 

Greater than 70 Between 60 and 
dBA l.dn* 70 dBA ldn** 

2 8 
I 12 
2 45 
0 191 
0 l 
1 2 
0 3 
0 8 
1 2 
0 27 
0 5 
2 9 
3 6 

12 38 
6 JO 
l 18 
8 66 
0 l 
4 6 

_ JL __ o _ 

43 458 

*Within 630 ft of the center of an E or F Area. 
**Within 2,000 ft of the center of an E or F Area. 

lt:HP5X3318881 EIS Volume I Chapter 5 



Facility 

El 
Fl 
[2 
F2 
E3 
F3 
E4 
F4 
E5 
F5 
E6 
F6 
E7 
F7 
[8 
FS 
E9 
F9 
EIO 
FIO 

Total 
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Ta!ile !i.1.1-6 

ESTIMATED POPULATHJ!-1 DISTRIBUTION 
CONSTRUCTION PHASE 

E AND F AREAS 
MICHIGAN 55C SITE 

Nu~ber of Houses Receiving 

Gn:·ater than 70 
dB.a, ldn" 

0 ,, •.. 
0 
(} 

l 
l 
0 
1 

·o 
0 
0 
0 
0 
l 
4 
0 
4 
?. 
5 

__ J_ 

22 

Between 60 and 
70 dBf., Lfo ... 

10 
4 

;>l 
9 

l!.i 
12 
3 
Ei 
2 

12 
2 
5 
3 

14 
4 
8 

12 
7 

_ ____ L 

151 

*Within 630 ft of the center of an [ or F /\re;; .. 
•·*Within 2,000 ft of the cente1· of an Err F Area. 
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Facility 

El 
Fl 
E2 
F2 
E3 
F3 
E4 
F4 
ES 
F5 
E6 
F6 
E7 
F7 
ES 
F8 
E9 
F9 
EIO 
FlO 

Total 
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Table 5.1.4-7 

ESTIMATED POPULATION DISTRIBUTION 
CONSTRUCTION PHASE 

E AHD F AREAS 
NORTH CAROLINA SSC SITE 

Number of Houses Receiv·ing 

Greater than 70 Between 60 and 
dBA Ldn* 70 dBA Ldn** 

0 1 
1 18 
7 18 
2 13 
0 7 
3 27 
1 20 

10 38 
0 15 
I 4 
4 7 
0 7 
2 7 
4 18 

14 20 
) 12 
I 10 
1 8 
0 0 

_o_ _ _Q_ 

52 250 

*Within 630 ft-of the center of an E or F Area. 
**Within 2,000 ft of the center of an E or F Area. 
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Facility 

El 
Fl 
E2 
F2 
E3 
F3 
E4 
F4 
ES 
F5 
[6 
F6 
E7 
f7 
ES 
F8 
E9 
F9 
ElO 
FlO 

Total 
----
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Table 5.1.4-8 

ESTIMATED POPULATION DISTRIBUTION 
CONSTRUCTION PHASE 

E AND F AREAS 
TENNESSEE SSC SITE 

Number of Houses Receiving 

Greater than 70 Between 60 and 
dBA Ldn* 70 dBA ldn** 

0 16 
0 3 
0 4 
3 6 
4 6 
2 6 
0 3 
1 3 
4 5 
0 3 
0 I 
0 1 
0 5 
0 0 
3 47 
0 13 
0 14 
l a 
1 ll 

_l_ _§__ 

21 156 

*Within 630 ft of the center of an E or F Area. 
**Within 2, 000 ft of the center of an E or F Area. 
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Facility 

El 
Fl 
E2 
F2 
E3 
F3 
E4 
F4 
ES 
FS 
E6 
F6 
E7 
F7 
ES 
FB 
E9 
F9 
ElO 
flO 

Total 
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Table 5.1.4-9 

ESTIMATED POPULATION DISTRIBUTION 
CONSTRUCTION PHASE 

E AND F AREAS 
TEXAS SSC SITE 

Number of Houses Receiving 

Greater than 70 
dBA Ldn* 

Between 60 and 
70 dBA Ldn** 

·---==----·========= 
0 
0 
I 
1 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
l _ ]_ 

9 

0 
8 
5 
4 
0 
4 
5 
3 
5 
0 
6 
3 

16 
B 
0 
3 

13 
3 

10 
_7 _ 

103 

----------- -- ------------------·--
*Within 630 ft of the center of an E or F Area. 

**Within 2,000 ft of the center of an E or F Area. 
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Table 5.1.4-10 

ESTIMATED POPULATION DISTRIBUTION AT E AND F AREAS 

NulTt,er of P~oplel Rece~ving: 

Arizona 

Colorado 

Illinois 

Michigan 

North Carolina 

Tennessee 

Texas 

>70 dBA Ldn 
During Con~.truction?. 

0 

5 

454 

62 

136 

55 

25 

60-70 dBA Ldn 

During Construct ion3 

0 

3 

1,246 

408 

705 

832 

314 

55-60 dBA Ldn 
Ouri~g Operat1ons4 

0 

3 

45 

24 

60 

24 

19 

1. Number of people calculated by mult~plying nur.i:ier cf houses times the average occupancy value 
listed below (US 6ur"2:-1J of the Census 1988) and then addl•1g people in schools, churches, et:c. 

St.;i.~ fenp 1e/Househo ld 
co 2.57 
IL 2 .86 
HI 2.70 
NC 2.62 
TH 2.63 
TX 2. 76 

l. Within 630 ft of t~e center of on E or F area. 
3. Within 2,000 ft of the ceflter of a!'l E or F area. 
4. Within 700 ft of the center of an F area. 
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Figure 5.1.4-3 
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Figure 5.l.4-4 
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Figure 5.1.4-5 
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Figure S.1.4-7 
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Figure 5.1 •. 4-8 
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Figure 5.1.4-9 
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noise. Table 5.1.4-3 ts a tabulation of the number of people living 
near E and F areas at e11ch of the site alternatives who would experience 
sound 1e>e1 s in the st <ited ranges. 

lhe backgrcund level in the vicinity or F area would also realize an 
increase durin9 construction. This increase would depend on the pre
pr0ject background level. The sites with the lower preproject back
ground levels would realize increases for greater dist.:nces than the 
sites with the higher preproject background levels. Areds in Arizona, 
Colorado, North Carolina, Tennessee, and Texas fall ·into the first cate
gory; Illinois and Michigan, the second. For areas with a 40 dBA pre
project. background (Arizona, Colorado, North Carolina_, Tennessee, and 
Texas), the increase in the background would be greater than 10 dBA for 
areas closer than 3,600 ft to the center of a service or intermediate 
access area, and between 3 and 10 dBA for areas between 6,600 ft and 
3,600 ft of the center of a service or intermediate access drea. For 
;;n,as with a 50-dBA preproject b~ckground ( 111 i no is and Mi chi gan), t~e 
increase in the background woJld be greater th:in 10 dBA fer areas closer 
than 1,750 ft to the center of a service or intermediate access area; 
and between 3 and 10 dBA for areas between 3,600 ft and 1, 750 ft to the 
cEnter of a service or intermediate access area. 

To mitig,3te the impact of noise generated by constrnction activities at 
E ~nd F areas, spoils loading activities would be restricted at the 
shaft an:a to 12 h/d (7 a.m. to 7 p.m.). Additional mitigations that 
would be considered at the time of detailed design to reduce annoyance 
to residents living near an E or F area wnl!ld include henning or ;ocous
tically fencing the site pErlmeter, placing maintenance activities 
inside acoustically treated sheds, and relocating/reorienting the E and 
F areas and facilities. Additional mitigation techniques which wculd be 
considered during construct i en planning could include the fo 11 owl ng: 

o The use. of quieted construction equipment and use of atmo
spheric sounding techniques to a11oid loud som1ds, such as 
blasting, when conditions are conducive to atmospheric 
focussing of sound. 

o Providing monetary grants to educational institutions for the 
purpose of noise control upg,.adi!lg of existin•} classroon 
structures or structures proven to be in the planning stage at 
the time of the SSC request for proposal. 

These mitigations could be utilized at selected locations at all sites. 

B. Near Cluster/Far Cl ust~.r 

Construction of facilities (other than E and F areas) at the near and 
far cluster woul<l also cause noise impacts, but not to the same extent 
as at the E and F areas. Because of the larger project land areas at 
these locations, residents would bo sep~rated from project construction 

• 
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by greater distances, and few, if any, residents would likely be highly 
annoyed by construct ion at these l ocat i.ons. Construct ion of the campus, · 
injector, and interaction halls was assumed to be on a 16-h/d basis, 
which would preclude impacts on residents close to these facilfties at 
night. 

C. Cut-and-Cover Tu.nnel s 

Noise produced by cut-and-cover construction of the collider ring, which 
is antic·ipated in Jl.ri:rnna only, would resemble that durfog new road con
struction. As discussed below, road constniction wou.ld produce an esti
mated maximum hourly average sound level Leg(h) of 94 dBA at 50 ft. 
Activity for any specific section cf the cut-and-cover construction 
would occur on a 16-h/d basis for I.5 mo. 

The noise due to cut-and-cover construction is calculated to be greate;r 
than 50 dBA for 1.5 mi away from a construction 11;c;;tion. The number of 
hum«rs highly annoyed would be l!lw due to the oLr·tmely lm~ populat·ion 
den~ ity. 

D. Road Construction 

New road construction and road upgrading, which would be required in 
varying amounts at all pr·oposed sites, would produce an estimated worst
case, instantaneous sound· level of 94 dfiA at 50 ft. Road construct-ion 
noise would be produced during normal daytime working hours only. 

As was the case for cut-and-cover tunneling, the noise is calculated to 
be greater than 50 dBA for 1.5 mi away from a construction location. 
Humans focated close to road construction sites would be highly annoyed 
by the activity but would not experience nighttime sleep disturbance. 

E. ;tpo i1 s Hauling · 

Noise produced by spoils hauling activities would reach an estimated 
instantaneous s<lund level of 68 dBA at 50 ft. In comparing spoils haul 
truck noise to passenger vehicle noise, a spoils haul truck produces 
noise which would measure approximately 82 dllA at 100 ft, which is 
approximately equal to freeway traffic noise at 50 ft. Spoils hauling 
activities are expected to take place during normal working hours 
(7 a.m. to 7 p.m.) cnly. Spoils hauling to support tunnel boring is 
expected to last approximately 5 months at each E or F site. 

Impacts to the background sound level would be limited to the period 
spoils haul trucks use a specific road or route. Noise produced by a 
spoils haul truck is calculated to be greater than 50 dBA for 4,000 ft 
away from a haul route. Humans located close to haul routes would be 
annoyed by the activity, but would not experience nighttime sleep 
disturbance. 
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Mitigations that could reduce the degree of impact of spoils hauling 
iric1 ude specifying rcut€5 that avoid residenti a 1 content rat ion and 
enforced truck muffler maintenance. 

The $•;:~vice areas F W1)uld ooerate Z4 h/d, 355 d/yr. The service r.reas 
that ~iOuld liquify helium for cooling the ~uperc:rnducting magnets might 
be located close to 1oc~tions where people live and work. Projected 
r.oise at a service area is estimated to reach an average day-night sound 
1 eva l ( ldn) o F 59 dBA at the prorerty "line, and 55 dBA at 450 ft from 
t!ie property line. lhe only routine r:oise source at intermi:>dlat'! access 
ar~as E would be a qu·let bnn!!I '<tntil;;ti::;n fao. The fan would not bt! 
expected to be audible at points outside the Intermediate access area. 

Projected impacts to the batkgrcund sound level during service area 
operations would be long-term.. For areas with a 40 dBA pre.project back
grc~r.d, the i1Kreasa is calculated to be ~reater than JO dBA for areas 
located within 1,000 ft of a service area. boundary, and b2tw1"en 3 and 
JO dEA for areas lccated betwe;;n 2,00() and 1,000 ft of a $Gl"vice area 
boundary. For areas with a 50-dBA preprojec t backgro;.;nd, the increase 
is ca'!cul ated to be greater than 10 dBA for areas within 150 ft of a 
senice area property line, and between 3 ar.d 10 dBA for areas located 
1,000 ft and 150 ft of a service area boundary. Approximat2ly 5 percent 
of the people living within 450 ft of a service area property line would 
be hi9~1ly annoyed by the noise. These impacts are shown for the site 
alternatives in Table 5.1.4-3. 

f;r,alysis of the noise ·impacts was based on the as!:umptior. cf certain 
standal"d industrial practices. The cooling tower was assumed to be of a 
quiet des·ign. The emergency power generator was assumed to be er.closed 
in a shed. lhe cryogenic compressors were assumed to be individually 
enclosed. The pipeline that would connect the compressor building to 
the refrigeriition building was assumed to be in a sound· attenuating 
trench. Nitrogen reli6f valves were assumed to be equipped with 
silencers. 

Mitigative measures that would be considered to furtl:er reduce service 
area operations noise impacts incluJe depressing the scrdce area below 
grade, bermi ng or acoustically fencing the service area per·imeter, and 
rearranging the site so that the loudest riohe sources would be cen
trally located. Additional mitigation ted1;iiqu~s which would also be 
considered during detail design could inc 1 u<le the fo 11 owing: 

o Inclusion of state-of-the-art noise control materia.is and 
techniques in the design of machinery bufldings and equipment 
enclosures. 
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o Require contractors responsible for design to use verified and 
validated sound-emission models to identify equipment that 
wou'ld represent a potential noise impact if not subjected to 
special quieting techniques. 

o Require designers and contractors to specify available quiet 
machinery and components in conjunction w·ith the results of 
the modeling described above. 

o Enforce negative incentives for vendors of service area sys
tems and components, with price penalties for vendors who fail 
to provide equipment which meets, and continues to meet, DOE 
system design requirements for sound emission limits. 

Regulations or codes that would be applicable to operations phase noise 
emissions are discussed in Appendix 5. The service area noise emissions 
could be mitigated to comply with all regulations or codes discussed. 

B. Near Cluster/Far Cluster 

Major noise sources at the near and far clusters during operations would 
not include any single noise source louder than the service area.· Air 
separation plants (one at each of the near and far clusters}, shops, 
emergency power generator testing, and cooling towers would be the major 
noise sources. These sources were assumed to be treated with the same 
design or control measures as those described for the helfom liquefac
t'ion facilities at the service areas. Impacts to the preproject back
ground sound level past the property line are expected to be less than 
3 d!3A. Few, if any, humans wau'ld be highly annoyed by the noise pro
ciuced by activities at tha near and far clusters. The larger lar.d areas 
would attenuate the noise 1eve1s at the boundaries to ambient or near
ambi ent pre-SSC levels. Mitigation measures that could be considered 
include berming or acoust·ically fencing the noise-producing activity or 
relocating or rearranging the noise-producing facility. 

5.1.4.2 Vibration (Blasting) Impacts 

Ground vibrations and airblast 011erpressures (noises} would result fr-om 
explosives used to aid excavation of shafts, starter tunnels, injection 
enclosures, and interaction halls. In certain cases, explosives would 
also be used for construction of roads and utilities. The potential for 
environmental impacts from blasting is primarily limited to damage to 
structures. The blasting impacts assessment is described in greater 
detail in Appendix 9. Table 5.1.4-4 summarizes the impacts discussed 
below for the seven site alternatives. 
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A. Sourte Terms and Expected Impacts 

1. Groynd Vibrations 

The best indicator of the intensity of ground vibrations is the peak 
particle velocity (PPV), which is a measure of how fast the ground moves. 
A PPV of 2 i n/s has been found to be safe for poor pl aster, which is the 
component in structures most sensitive to ground vibrations (Rose 1931). 
Several states and agencies have established regulations limiting PPVs 
to 2 in/s at public and private buildings. The measured PPV at a given 
loca.tion has been correlat1>d with the pounds of explosives set off at 
any given time. For a 35-lb di;:rge-weight-per-delay (the maximum value 
anticipated for SSC construction), the PPV will be less than 2 in/s for 
any structure located more than 360 ft away from the location of the 
explosion (E.I. duPont 1980). If any structures are located within the 
360-ft sphere of influence, the charge-weight-per-delay will be reduced. 

It has been observed that the average person can easily feel a motion 
that is on the order of 1/100 to 1/1000 of that needed to cause damage 
to his/her home, and would consider the motion "severe" at about 1/5 to 
1/10 of that level. In actual practice, human response to ground vibra
tion is increased when sound effects accompany the motion and the motion 
is of short duration. (Noise generated by airblast overpressures is 
addressed in the next subsection.) People located within a radius of 
600 ft of a blast location would feel vibrations from a 35-lb charge
weight-per-delay explosion and would consider the vibration severe even 
though no structura·1 damage would take place. 

The duration cf blasting activities at any location because of SSC con
struction is expected to range from 3 to 6 months, with one to three 
blasts per day. 

As noted above, blasting would take place at the interaction points K, 
and at service F and intermediate access E areas for shaft excavation. 
At all K areas, the only structures within 600 ft of a blast location 
would be contractor offices, warehouses, shops, and contractor person
nel. All proposed sit es (except Arizona and Col or ado), hol<eVf)f, have 
numerolls farms, homes, subdivisions, and industrial build·ings focated 
within the 600-ft sphere of influence near E and F areas, whose occu
p~nts would notice blasting and wo~i1d consider it sevi:;rf.!. 

lo mit-igate structural damage frcm blasting, the PP\/ would be monitored 
during construction using seismographs, and blasting charge-weight-per
delay values wou.ld be adjusted to keep the PPV's below the levels that 
might cause damage. 
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Table 5.1.4-H 

WSTlt46 lfff>ACTS 

tlort~ Spec1f1c Area 

of J""act Arit!ona to 1"r..ado J 1 ijinois :fit!cb~g.m Car.o1 ina Tenr.iessee 1exa!': 

Scrv ice/Intenned .. Con~tr Nu l'io "f"'.-'S ~~s T'es Yt.·s t:.s 
Acc:e.s<> Area!-

Interact ion Ccr!lstr ~o ~o Tes No No ~. r~ 

Points/Injector 

RoddS U::tnstr ·None "or.e r!::>ne Hor.e fl one Yes None 

·--~-·--

Yes - Structures wiit.hiin 600 ft uf ·blasting locations 
No - No known <itructures within 600 ft of ti lasting 1ocat 1on 
Nor:e - Ho b1ast'ing ~-s expected during road construction at these s'ites 
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2. Airblast Overoressyre~ 

The airblast overpressure produced is a function of the quantity of 
explosives detonated and the depth to which the explosive is buried. 
Even a small quantity of explosive can generate a very high overpressure 
if the explosive is exposed at the ground surface. However, a very 
large quantity of explosives, if deeply buried, would generate small 
blast overpressures. Research indicates that overblast pressures on the 
order of 0.001 to 0.01 lb/in 2 (Ill to 131 dBL} would not cause damage to 
structures (E.I. duPont 1980). The instantaneous sound level associated 
with a blast would be audible for long distances but would be of very 
short duration~ 

The principal mitigation of air blast overpressure impacts is the reduc
tion of charge-weight-per-delay, especially when blasting is near the 
surface. Another mitigation that could minimize the impact from air
blast overpressures is the practice of pouring coarse sand or fine 
gravel into a hole (stemmir.g) after placement of an explosive charge. 

The length of the column of stemming (depth of burial} is a critical 
factor in reducing the overpressure generated by a blast. It is antici
pated that airblast overpressure would be monitored during construction 
and charge-weight-per-delay values adjusted to keep overpressures below 
the levels that cause damage to nearby structures. 

3. Exnected Impacts 

Blasting impacts at the prcpo$2d sites are summ~rized in Table 5.lA-4. 
The presence of structures is indicated; the numb2r and typo of struc
tures at each proposed site within the 600-ft range has not been deter
mined. All impacts would be short-term and mitigable. 
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5.1.5 Eco1ogica1 Resources 

The assessment of eco1ogical ·impacts involves the identificativn of 
unavoidable cha.iges in one or more of the following areas: I) ·dest-ruc
tion or displacement of habitats or species; 2) changes in species diver
sity or compositim1; 3) revised or altered successional trends; 4) changes 
in occurrence of dis.ease vectors and pest species; 5) increased rates of 
degradatiun of environmental quality; and 6) exposure of sensitive organ
isms or processes to environmental stresses of hazardous chemicals, 
radiation, noise, vibration, or dust. 

1he discussion of ecologicaHy related impacts on each site altern;itive 
is presented in the fo]]owing sections: sensitive communities and 
habitats; threatened and enJangered species; wetiand assessment; an~ 
commercially, recreationally, or cu1t~ra11y important species. 

5.1.5.1 Sensitive TerrestrialLAguatic Commm:iities 

A. Preconstructi0~ 

Impacts from preconstruction activiHes incluG!e site access for biotic 
surveys, 1><here needed, a~d use of survey instruments and site 1:onffrma
tion activities, including test boreholes. The disturbance would be 
temporary and is considered negl igib-le for all proposed sites. Special 
precautions would be required to minimize impacts of preconstruction 
exploration in sensitive a.reas such .as wetlands, aquatic environments, 
and karst areas. 

B. Construction. 

Most of the discussicn below is related to the ground-disturbing actiwity 
from construction. However, after completion of ground-disturbing con
struction activity, ecological systems w:iuld recolonize and restabilize 
into a more managed natural system, and operations would not lead to 
additional impacts except for noise from tile service areas. Operations 
noise will be referenced in the discussion below as it applies. (The 
impacts of continuing noise from service areas are dis,cussed in Sections 
5.1.5.2 and S.1.5.4.) 

1. Ariznna 

Construction cf the SSC in Arizona would require the removal of a number 
of acres of Sonoran desert scrub commilnities of both th'!! Arizona Upland 
and Lower 'Colorado types, as discussed below. All of these com:nunities 
are widespread in southern /\.rizona. Impacts to wildl if.e in addition to 
habitat removal would be the increased presence of humans In previously 
remote wilderness study areas. No aquatic Qr wetland ecosystems ar.e 
present within the vicinity of the p.roposed SSC site. 

The area that would be disturbed 
activities is estimated at about 
and temporarily disturbed lands. 

1CHP5W336881 
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site approximately 640 additional acres would be disturbed. Of those 
2,155 acres, approximately .l,222 acres would require reclamation. 
Natural desertscaping and native plants would be used and where pos
sible, recovered topsoil would be reapplied to the surface. Reclamation 
could be enhanced by use of fertilizers and spraying of blue-green algae 
that normally form crusts on desert soils. These algae would enhance 
nitrogen availability and allow more rapid development of desert shrub 
species. 

The Sor.oran desert plant communities are ~ensitive to the disturbance of 
the surface soil. Recolonization can take decades following disturbances 
from land clearing.and offroad vehicle passage. Although these communi
ties are abundant in southern Arizona, careful design and continuing 
surveil 1 ance can minimize the impact and accelerate the process of 
reclaiming the natural areas. 

The State of Arizona Native Plant Law regulates the collection of many 
pla~t ~pecies in Arizona, including all cacti. UnJer the State law, 
major construction projects, such as the SSC, are allowed to r<!;:mve 
included species, but require coordination with State officials. Miti
gation of impacts to these species could include transplanting to areas 
not scheduled for site disturbance or to the campus area for land~caping 
purposes. 

Several sensitive animal populations are found in the Arizona SSC site 
vicinity. These include Federal and state threatened and er.dar.gered or 
rare species discussed in Section 5.1.5.2 (desert tortoise, Gila monster, 
and desert bighorn sheep). This section also addresses sensitive native 
plants. 

2. Colorado 

The predominant vegetation type in the area of the proposed SSC site in 
Col or ado is noni rrl gated farmland, primarily, dryl and wheat. The re
mainder is rangeland. Both the terrestrial and aquatic resources of 
this area of Colorado are under extensive management, and the impacts to 
native species/populations would result primarily from altered manage
ment strategies, land use patterns, and resource requirements. Riparian 
habitat conservation and/or restoration, both along the ring and in con
struction of the required access road, would be a key to min·imization of 
impacts. 

Approximately 3,395 acres 
for on-site construction. 
temporarily disturbed and 

would be disturbed (temporarily or permanently) 
Of this disturbed land, 2,068 acres would be 

would need to be reclaimed. 

Because the predominant vegetation type In the area of the proposed 
Colorado site is farmhnd, natural plant communities are limited. The 
most sensitive habitat is the riparian woodland. However, riparian 
woodland does not occur within the immediate areas where surface 
facilities are proposed. 
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Wintering and migrating areas for the pronghorn antelope include the 
short grass prairie habitat on the proposed site adjacent to area C and 
also JS, KZ, and El. Some of this habitat would be lost if these sur
face facilities were built. The Colorado Division of Wildlife has iden
tified wintering areas and migration corridors in the northwest quadrant 
of the ring. 

The proposed project area 1 ies within the Central Flyway, used in the 
spring and fall by a large number of sensitive migratory waterfowl. The 
major aquatic habitat supporting the Flyway in the vicinity is the _South 
Platte river basin. Although some aquatic habitat may be on site it is 
limited in size and is not likely to support these species. 

Barr Lake is west of the proposed site, but provides a habitat for a 
nesting pair of bald eagles that could be disturbed by the new access 
hignwdy proposed by the State. The eagle population is under study by 
the U.S. Fish & Wildljfe Service. 

While no definitive s~rveys have been conducted, it appears that none of 
the three state-listed p"lant species known for that general habitat type 
are present in areas of the ring where surface disturbance would occur 
during construction. These species include the Colorado butterfly plant, 
which is also a federal c~ndidate species (Cl), streaked ragweed, also a 
federa·1 CZ species, and showy prairie gentian. Additional discussions 
will be conducted wit.h the State, and surveys will be conducted, as 
necessary, to assure mitigation in the fir.al placement of facilities 
after the SSC site is selected. 

3. Illinois 

The Illinois site pr£sents a mix of urban, suburban, high-quality farm
lands, wetlands, other natural areas, and Federal research facilities. 
little or no unmanaged land is present in the vicinity of the ring. 

Approximately 494 acres would be disturbed during construction. Approxi
mat<"lY 267 acres of this disturbance would be temporary and would be 
reclaimed. Native plants would be used, a11d some of these areas co•ild 
potentially be used in the prairie restoration project. 

The variety of natural areas are present in the vicinity of the proposed 
SSC site include wet1ands, woodlands, prairies, savannas, bogs, fens, 
<1nd other unusual or rare habitats. The State reports that most of these 
sites are along rivers, primarily the Fox River, or along railroad3, in 
cemeteries, or on proµerty owned and managed by educational institutions. 
Much of the forest land in northeastern Illinois lies along river margins 
er in forest pr2~erve:; and other public lands. These areas are highly 
valued for recreati1m and provide important habita.ts fer many species 
and are avoided by project placement. These areas are: 1) Spring Lake 
Nature Preserve in tlie vicinity of fermilab, 2) West Chicago Prairie, 3) 
Elburn Forest Pre$erve, and 4) Ferson's Creek Sedge Meadow. The actual 
location and quality of these habitats have been avoided in the plact!ment 
of the SSC. These areas, along with wetlands in the region, host mere 
than 90 state-protected species. The presence of most of these species 
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within the immediate ring area is unlikely, but some may be present and 
would be evaluated during preconstruction activities. Hardwood forested 
lands occur within the proposed fee simple boundaries. These forests 
are not expected to be impacted. However, they represent approximately 
I to 2 percent of the available forest in the region. 

Approximately 7 prairie remnants are listed in the 16 township study 
areas reviewed by the State. Most of these areas are within nature 
preserves, and most are suffidently far from anticipated construct ion 
sites along the ring to preclude direct impact. Several are, however, 
sufficiently close that attention must be taken to prevent or minimize 
unnecessary impacts. The largest designated "natural" area is the 
675-acre prairie reconstruction project within the existing ring at 
Fermilab. The ongoing activities at recreating prairie and savanna 
habitats on previously heavily cultivated lands is beginning its second 
decade. 

The proposed SSC site in Michigan presents a collage of Grand River 
basin agricultural lands intermixed with small parcels of forest, wet
lands, lakes, and streams. Construction of the SSC would displace some 
of these resources. Mitigation of wetland impacts during final design 
in consultation with the State of Michigan and other Federal agencies 
would be key to the final impacts of SSC construction in Michigan. 
Consideration is given below to the potential impacts of construction 
on the large number of nesting birds in the vicinity of the site. The 
discussion below is confined to impacts resulting from construction 
activities. Approximately 1,080 acres will be disturbed. The disturb
ance of about 678 of the acres would be temporary and those acres would 
be reclaimed. Native forbs and grasses would be used for reclamation 
except in areas where wetlands reclamation may be needed (see Section 
4.7.6). 

Several sensitive plant and animal communities are located near the fee 
simple area of the campus and near cluster. These communities are cur
rently protected as part of the Waterloo Recreation Area and the Haehnle 
Wi1 di i fe Sanctuaries. Operations noise from the nearby E and F areas 
and adjacent JI and J2 areas is not expected to impact the Waterlco 
Recreation Area or the Haehnle Sanctuary. ~lhile some noise increase 
could be detected, the levels would be near ambient (50 dBf1). Noise at 
these hvels would be expected to have r.o effect on the sandhill crane, 
which uses the Haehnle Sanctuary as a major migratory staging area. 
There are also several breeding pairs of sandhill cranes. 

Sensitive communities that are present at the recreation area in the 
vicinity of the SSC include sphagnum bogs, a dry/mes i c southern fore£ t. 
community north of Bartig lake, and an unusual wetland bog. Construc
tion of facilities in the fee simple area (.JI) would produce the greatest 
risks to these communities. The magnitude and n~ture of negative impacts 
are based upon worst reasonably foreseea.b1 e analysis, because i nforma-
t ion about the nature and quality of these sensHive communities are not 
available, and details of plans for area JI have not been finalized. 
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Most of the State-protected species are not presently found in the imme
diate site area and, therefore, are not expected to be impacted. These 
inc"lude the king rail, the least shrew, and kitten-tails (also a candi
date for Federal listing). Two redhorse fish species and the spotted 
turtle are aquatic species 1 isted by Michigan as rare, a category which 
requires monitoring but provides no special legal status.- The two red
horse species are known to occur in the Grand River downstream of the 
two ring crossings. Because no construction is anticipated at surface 
level in these locations, no negative consequences should result. The 
spotted turtle, which is present in both the Waterloo Recreation Area 
and the Haehnle Wildlife Sanctuary, would not experience any direct 
impact since construction would not occur in these areas. 

These areas support species of interest including the sandhill crane and 
great blue heron, since significant rookeries for both are present. 
Direct negative impacts to the species are not anticipated due to the 
distance to construction sites. 

5. North Carolina 

The site proposed for the SSC in North Carolina is biologically diverse 
and is occupied by natural and agricultural systems common to the Pied
mont of North Carolina. Approximately 65 percent of the site is forested 
and the remainder is prirparily in agricultural us.e. Several regionally 
unusual botanical resources and natural areas are present in the vicin
ity. Impacts discussed below are largely dependent upon final design 
considerations for specific facilities. Approximately 1,914 acres would 
be disturbed--807 of these acres would be disturbed temporarily and 
could be reclaimed. tlative plants, such as black locust seedlings or 
lespedeza, could be used. 

The following natura·1 areas are discussed separately: 

§9shEn Gab.bro Forest.~ The Goshen Gabbro forest would not be directly 
impacted by construct.ion or aperat ions of the SSC. It is likely that 
some outlying populations or individuals cf the unusual plant species 
associated with this assemblage could be lost to construction in area H 
or to secondary development in that vicinity. The species that appear 
to be at greatest risk are Indian physic, Lewis's heartleaf, and prairie 
dock. Each cf these species is listed either as a Primary Proposed er 
Significantly Rare species by the North Carolina Plant Conservation and 
Natural Heritage Programs. 

Roanoke, Tar, and Neuse Rivers - Aquatic Habitat. Aquatic ecosystems of 
the drainage basins within the site area have a potential for degrada
tion due to ancillary facility development and runoff from SSC condi
tions. This area may be a significant refuge for rare and sensitive 
fresh water mussels, fish,. and amphibians. Although the proposed SSC 
ring crosses under the Tar River northeast of E9, and no impacts are 
anticipated, downstream portions of the Tar and other rivers may be 
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affected by construction activities undertaken in adjacent wetlands and 
floodplains. Project activities would be planned to avoid sensitive 
aquatic habitats to the extent practicable, and the best available engi
neering control and mitigation measures would be implemented d•Jring 
construction. 

FlaL . .River Slo~Above lake Michie. While some negative impacts of 
construction are inevitable on this biological community, the area is 
already bisected by several county roads. This habitat should be con
sidered during preconstruction planning to minimize and/or mitigate 
negative impacts. With best available construction practice and proper 
mitigation during construction, including proper resource management 
plans for the fee simple area, these resources would be adequately 
protected. 

The proposed SSC alignment in Terniessee is bisected by the divide between 
the Tennessee River and the Lower Cumber1and River in an area of karst 
topography (potent i a 1 for 1 i mes tone s i nkha·1 es and caves) . Unusual pl ant 
communities, particularly the cedar glades with their complement of 
endemic and remnant species, are present. As a result, a close inter
relationship between surface waters, geologic features, and ecological 
resources exists. Exact siting of facilities would occur during fi»al 
design and wo:1ld determine the extent and significance of any ecological 
impacts. Approximately 1,489 acres would be disturbed. Of this cimount, 
672 acres would be temporarily disturbed and could be reclaimed. Native 
plants, especially black locust seedlings, cou)d be used. 

The cedar gla:Jes are a significant resow·ce for a number of rare and 
threatened species. A detailed survey of their existence in arec.s of 
surface construction for the SSC would be evaluated during final design 
and mitigation of loss of the cedar glades considered, if needed. 

The Snail Shell Cave system, with 12.7 mi of mapped passages, is ti1e 
longest continuous cave in the Tennessee Central Basin. The system is a 
braided network of parallel streams with later-.1 passages with small 
wet-w-eather streams and residual pools and upper levels that act as 
water conduits only during flood stage (Barr, 1988). 

The Snail Shell Cave system is physically isolated by shaly, non
cavernous formations that preclude gene flow among many groups of obli
gate cave animals. The known fauna of the system include several 
endemics, as well as certain sma.11, more widely distributed subterranean 
species. The troglobitic fauna (animals limited to caves and other sub
terranean mi crohabitats and unab l c; to survive in surface environments) 
is a unique assemblage made up of endemics and more widely distributed 
species. The system contains three, possibly four, endemic troglobites: 
the blind cave salamander, the cave snail, the Trechi ne cave beetle, and 
possibly the cave millipede (Barr, 1988). 
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Should Tennessee be selected for the SSC, extensive surface and subsur
face exploration would be done for the final siting of the SSC facili
ties. These geotechnical activities should identify both surface and 
subsurface karst features. Final placement of critka 1 surface and 
subsurface facilities will take into consideration the potential for 
both construct-ion and operational impacts to the cave system. As the 
collider ring will be placed well below the confining "layer of the Snail 
Shell System (i.e., below the Pierce Confining Layer), no impacts are 
expected from tunneling. However, impacts to the cave system are pos
sible from the construction of access shafts, borings, and surface 
facilities. Sensitive cave organisms may be adversely affected down
stream by degradation of water Quality. 

Standard mitigation activities would be augmented by additional mitiga
tion techniques sped fie to karst topography in order to reduce or el im
i nate the potential for subsurface contamination of cave systems by 
suspended particulates, sewage, petroleum products, trash, and addi
tional volumes of water. 

The Tennessee site proposal mentions Scales Mountain as an ecologically 
significant, large (more than 1,000 acres) forested area located in 
proximity to fee simple areas near the campus region G and I. Because 
complete informat'ion on natural habitats at this site ·is not available, 
worst-case analysis is a~sumed, and consultat"ion with the State of 
Tennessee would continue. 

The Duck R·iver is a regionally important aquatic habitat and sport 
fishing resource. While net in the immediate area of construction, a 
number of its tributaries are crossed by the ring, including all far 
cluster construction, F4, E4, F3, and E3. The Hellbender and copper
cheek darter (status review species) a11d Birdwing pearly mussel and 
Cumberland monkeyface pearly m~!ssel (1 isted species) are reporte>d seen 
in the OuLk River, several tributaries of which drain U12 far (.luster 
and adjacent area (F4 and E4). Close control of surface runoff and 
sedimentation during construction should prevent significant impact to 
this resource. The Cumberliind Plateau escarpment east of the prcposed 
ring is a significant raptor migration corridor. The bald eagle and 
sandhill crane also use this .route. The SSC construction and operation 
should not negatively impact the use of this route by these species. 
Two Tennessee-1 i sted threatened species, Bewick' s wren a11d the grass
hopper sp3.rrow, are rarely found in the project area although they are 
known to breed in the area. 

7. TexJs 

The ffiajority of the proposed SSC Texas site is occupied Ly grasslands 
and croplands. No remnants of the native B1<:.ckland prairie grasslands 
are known to occur in the immediate vicinity of the SSC. Many re111aining 
native plants ar.<l most wildlife, as well as migratory species in the 
area, are dependent on riparian areas. Although many of these r·i pad an 
~reas arc degraded by livestock use, their importance remains. Mitiga
tion or avoidance of impacts to riparian communities during final design 
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would be key to the significance of ecological impacts of construction 
of the SSC in Texas. Approximately 1,687 acres will be disturbed by 
construction. About 690 acres of this disturbance is temporary and 
would require reclamation. Native grasses and legumes would be used. 

The USFWS identified two potentially important/sensitive habitats 
located at sites J4 and F6 of the proposed Texas site. Following a 
visit of site F6, the USFWS determined that surface disturbance would 
not likely cause significant terrestrial losses. Erosion control would 
be assured during construction so that water quality of Bardwell 
Reservoir would not be affected (see Appendix 11, Attachment A). 

Detailed investigation of site J4 confirmed the quality of the habitat. 
Siting in this area would result in significant impacts to stream, ripa
rian (wetland}, and floodplain habitats. The USFWS noted that surface 
and subsurface facilities are proposed to straddle a stream and a 
diverse rip1rian corridor. The USFWS states that this area represents 
the highest quality habitat in the project area. The permanent stream, 
Chambers Creek, supports a diverse fishery, including ·rargemouth bass, 
white bass, channel catfish, and numerous sunfish and minnows. Although 
flows become low during droughty periods, there are sufficient deep 
pools to provide quality habitat year round. Siting of the facility 
~1ould disrupt the normal and required fish migration along Chambers 
Cr"ek and thus reduce spawning. Siting of surface facilities in this 
area would require significant mitigation of fish and wildlife losses. 
Relocation of the J4 site out of the floodplain on either side of 
Chambers Creek would provide the requireJ mitigation. 

N;itive Blackland prairie grasslands arc very rare due to decades of 
disturbance by man for agricultural purposes and urbanization. The spe
cific project vicinity is characterized by elm-hackberry woods, cro;i-
1 and, and other native and int rod•Jced grasses. Agricultura 1 c.rcpl and is 
the dom·inant vegetative cover. Because the site is located in the 
Bla.ckland prairie vegetational area, a study was conducted by the Texas 
National Heritage Program on the site in two areas where there was a 
potential for Black land prairie species. The vegetation found was ind·i -
cative of the Blackland prairie sites, but no State endangered or 
threatened species or habitats were found on the project site. There
fore, it is not lik~ly that.Blackland prairie species would be affected. 

5.1.5.2 Threatened. Endangered. and State-protected Species 

Consultation with the U.S. Fish and Wildlife Service has been initiated 
in accordance with requirements of the Endangered Species Act of 1973. 
Documentation of the consultations for each State are presented in 
Volume IV, Appendix 11, Attachment A. The listed species are presented 
in Chapter 4, Table 4-17. This consultation will continue. State
listed species are presented in Chapter 4, Table 4-18. 

Assessment of impacts from an ecological perspective to threatened and 
endangered species from SSC construction and operations includes: 
1) Federal- and State-listed plant and animal species (including can
didate or proposed species) within the SSC region of influence, 
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2) critical habitats for the species of concern, 3) recovery plans and 
other management plans for the species, and 4) previously known stresses 
that are affecting the species. 

Preliminary consultations with the U.S. Fish and Wildlife Service, con
firmation of information provided in the State's proposals, review of 
information provided by commenters on the Draft EfS, review of the 
literature, and 1 imited habitat survey> have confirmed that there are no 
signHicant populations of threatened, endangered, candidate, or state
prot1~cted species present at any of the proposed SSC sites. A review of 
the des·ign3ted critical habHats for eridan9ered species (50 CFR 17) has 
confirmed that there are no designated critical habitats at any cf the 
site alternativ1.~s. All sites, however, do contain habitat that is 
potentially attractive to listed and rare species. Individuals of these 
species may be present at any of the sites and could be adversely 
affected by SSC-related activities. llpon the selection of a site, addi
tional detailed habitat surveys wculd be conducted to confirm the 
presence or absence of protected species and evaluate the magnitude of 
impact. The DOE would then begin consultation with the U.S. Fish and 
Wildlife Service under Section 7 of the Endangered Species Act, as well 
as consultation with the responsible State agencies to determine appro
priate avoidance and mitigation. Results of the detailed surveys and 
the consultations would be discussed in a Sapplemer.tal EIS. 

, . 

Tumamoc globeberry (Federally-listed endangered) is found in habitats 
similar to those present at the proposed SSC site. Individuals of this 
species have been reported in Maricopa County south of Interstate 8 in 
the vicinity of the southern portions of the collider ring (Bisson 19BB). 
This evidence somewhat increases the sma 11 potent i a·1 for discovery of 
this species in other portions of the collider ring and associated facil
ities, particularly toward the southern end of the ring and the water 
well field. The water pipeline and service roads can be relocated to 
avoid any pl ants found within proposed rights-of-~1ay. If Tumamoc were 
located on the collider right-of-way, it would be feasible to tunnel in 
that area without creating negative impacts to the plants. The probabil
ity of locating Tumamoc on the campus sites (which contains only mar
ginally suitable habitat for Tvmamoc), on one of the facility access 
points into the ring, or on some small features which cannot be relocated 
is extremely low. U.S. Fish and Wildlife Service consultation will con
tinue in support of detailed site-specific surveys to confirm the presence 
or absence of this species, to determin2 specific habitat requirements, 
and to evallJ3te pot.enthl effects of project development. If the species 
is found, mitigation after consultation with the USFWS would be required. 

Thc endangered bald eagle and peregrine falcon are wide-ranging species 
that may occur in the site vicinity at various times of the year but are 
not known to use the Maricop;, Mountains for breeding. Because of their 
rarity in the region and the 'lack of preferred habitat, neither species 
would be adversely affected by the SSC project. 
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Several USFWS candidate plant species {which do not have specific Federal 
protection, but must be considered during project planning) are also 
regulated by the Arizona Native Plant Law. One species, the neolloydia, 
is a creosote-bursage scrub known to occur in Maricopa County o~ well
drained knolls and ridges. It has not been observed at the site. Other 
candidate species include the night-blooming cereus, Wiggin's cholla, 
and Thornber's fishhook cactus. The night-blooming cereus {C2) is more 
common than previously known. Its range extends across the entire 
southern half of Arizor.a. It has been observed in low densities at 
several locations along the eastern area of the ring. Since this area 
of the ring involves the most intensive site disturbance activity and 
the largest fee simple areas, negative imracts to this species and other 

·cacti are probable. Site restoraticn would include rovegetation with 
native species and replanting the cacti and other plants disturbed. 

Ca.nd'i<Jat·~ wildlife include desert tortoise, Gila monster, and Swainson's 
haw~.. both the desert tortoise and the Gil a manster occur throu!Jhout 
the slopes and washes of the Maricopa Mountains and would be adversel_y 
affected by construction activit·ies, noise, and human presence. Avoid
ance, relocation, and site restoration could mitigate such impacts. 
Swainson's hawk is a migrant associated with agricultural areas and is 
not expected to be adversely affected by the SSC project. 

The most sensitive areas for populations of the desert tortoise typi
cally occur in the mixed cacti/palo verde associations of incised washes 
and along rocky bajadas, mountain slopes and psdiments. Tortoises and 
other reptiles may be stirred to activity during normally inactive 
periods by noise of construct·ion and/or operation of the SSC. Such 
activity, if inappropriate to their physiological status at the time of 
disturbance, could be deadly due to desiccation, heat, and water stress. 

Potential mitigation of impacts to the desert tortoise would include: 
(1) presence of an experienced tortoise biologist to monitor site dis
turbances in tortoise habitat and to monitor mitigative measures; 
(2) location, flagging, and avoidance of tortoise burrows: (3) proper 
handling and moving of tortoises encountered; (4) avoidance of site 
disturbance at critical times of the year (March-May, July-October); 
(5) construction of barriers to tortoise movement in dangerous areas and 
of safe corridors around such areas; (6) revegetate all disturbed sites 
with native Sonoran Desert plant species, particularly those of value to 
the desert tortoise; (7) briefings of project personnel about protection 
laws and mitigation measures; and (8) adequate habitat compensation. 
Since desert tortoises are likely to be found throughout the site, loss 
of tortoise habitat and potential loss of individuals could be expected 
without mitigation measures. 

Very little is known of the status of the Gila monster in the site area. 
Measures taken to mitigate the desert tortoise impacts, other than 
physical removal and relocation to equally suitable habitat, would tend 
to mitigate lila monster impacts because these two species occur in 
similar habitats. 
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One State-protected species, the desert bighorn sheep, t.ou l d be adverse l .Y 
affected by construct-ion noise, fencing, and the presence of humans. 
Depending upon the degree of acclimation to the disturbances, impacts to 
the sheep could range from no effect to total sheep avoidanre of areas 
of disturbance. 

Desert bighorn sheep a;-e associated with the Arizona Upland desert s•:rub 
communities dominant in the Maricopa Mountains. The Maricopa Mountains 
presently support a small populatlon of this species, and this area has 
been proposed as a location for future t.ransrlant programs. While· 
desert bighorn sheep are not migratory in the classic sense, they do 
u~dergo significant seasonal wovemcnt ~nd occupy~ large ranse (esti
r.:ates indicate many square miles for a mature ram}. Pr"incipal activities 
~ssociated with construction and op9raticns of the SSC in Arizona thdt 
mi9ht impact the bighorn sheep are construction, road building, fencing, 
or other intensive human activities in the northern half of the far 
cluster, particular'ly K6, E6, f6, E!, and F7. Careful p1anning during 
~e5ign and attention to mitiyati0n plans WDuld be required to µrevent 
negative consequences for this species. Alterations such as placement 
of water sources and fences c..rn te eH;;,ct he in minimizing the magnitude 
of the i mµacts. 

A literature review of the effects of noise from construction, blasting, 
vibration, and compressor operations on bighorn sheep indicates no 
kng-term detrimental effects from noise levels similar to those 
Pxpacted from SSC construction and operations (see Appendices 9 and 11). 
While noise may temporarily displace bighorn sheep from areas adjacent 
to the noise source, it would not necesiarily inhibit their return if 
U•ey acclimate to the noise. Deper:di 0\1 upon the degree of acclimation 
of :ndividual sheep to the constant noise, effects could range from no 
~ffcct to total sheep avoldance of areas adjacent to the noise source. 

Pn:;s2nt pro.jcd.ed water needs for He SSC should be met by obtaining 
water from Mc:1·9an County 1·;<>1ls, aug:"•2ntcd, if necessary, by previously 
allocated water from the Colorado Big lhompson system. The use of the 
11organ CGtrnty ',·;ells ~1ithi11 the aquifer's tributary to South Platte 11.iver 
cculd result in slight water level fluctuations adjacent to the points 
of withdrawal. This would not affe•.:t downstream locations in Nebraska 
used by the endangered whoup·ing crane, piping plover, and least tern 
bec~~se there would be no not changes in downstream flow. lhese slight 
fluctuation:; are not likely t.<J affect the prey base of fish and water
fcw·1 uti'l'ized by the wiiitier concentrations of endangered bald eagles in 
tlw vici.nity of Fort Morgan and Brush. Moreover, these water level 
fluctuatiuns wmi'ld not normally require flow augmentation from other 
water allocdti0ns; thus, tl1e Colorado squawfish, humpback chub, and 
bonytail cLub found in th« (.;lcrado Rher b;isin <:re not expected to be 
adversely affected. · 
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The endangered bald eagle is known to nest in Barr Lake State Park near 
the origin of the State-proposed access highway. Although the nesting 
eagles are not expected to be disturbed by highway construction and use 
because the intersection is more than 2 mi from the nest site. 

The endangered peregrine falcon is a. wide-ranging migrant throughout 
Colorado. It is rarely observed, but may occasionally be present in the 
region. Because it typically occurs in the vicinity of larger bodies of 
water with high cliffs or other perches, it is not expected to be 
adversely affected by the project unless water depletions in the South 
Platte reduce their prey base of waterfowl and shorebirds. 

Although prairie dog towns are present throughout the area of the col
lider ring and the State-proposed llighway access, there is no evidence 
that the endangered black-footed ferret (exclusiv~ly co-located with 
this habitat) is present. Ferret populations are considered to be 
highly unlikely in the project area because th~ last probable sighting 
of the ferret in the area was more than 30 years ago. In addHion, the 
increase in the dry land farming and grazing practices common to this 
area are historically linked with prairie dog eradication programs. 
However, small scattered prairie dog towns are present and would have to 
be surveyed to confirm the absence of the ferret. 

Candidate species include ferruginous hawk and Swainson's hawk, which 
have been observed at the proposed SSC site. Other species that may be 
present in preferred habitat include swift fox, Preble's jumping mouse, 
long-billed curlew, western snowy plover, and mountain plover. These 
species are associated with undisturbed short grass prairie, and along 
with the candidate plants (Colorado butterfly plant, streaked ragweed, 
and showy prairie gentian), would not be expected in the vicinity of the 
site due to lack of habitat. State-protected species, such as the sand
hill crane, plains sharp-tailed grouse, and greater prairie chicken 
would also not be affected due to lack of preferred habitat. However, 
detailed preconstniction rnrveys would be conducted to confirm their 
absence and evaluate the effects of project development. 

C. lllinois 

The Federa lly-1 i sted endangered bald eag1 e and peregrine falcon aro 
present in the region but are not expected to be adversely affected by 
the proposed project because of their large ranges and lack of breeding 
habitat in the proposed Illinois site area. The bald eagle and peregrine 
falcon are associated with aq11atic habitats where large areas are avail
able for foraging for preferred prey. Although the peregrine falcon is 
more cosmopolitan in its foraging habits, it normally breeds only in 
coastal areas and along river or mountain valleys where cliffs or other 
high perches are present. The bald eagle Is partic:Jlarly susceptible to 
human intrusion. As a result, nesting is not kna~n or likely in the 
proposed site area. 

lhe endangered Indiana bat is also a wide-rar19ir.g summer migrant to 
northern Illinois; caves suitable for wir.tr,r hibernation occur in t!;C? 

southern part of the state. The Ind·iana bat forages for insect~ over 
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riparian wetlands and depends on mature woodlands containing large trees 
with cavities or sloughing bark for roosting and nesting. Although the 
species is extremely rare and widely dispersed in the summer, recent 
habitat surveys indicate that there may be appropriate habitat in the 
vicinity of the proposed site. Potential foraging habitat may be 
present at J6, located near Kress Creek; nesting and roosting habitat 
may be available at areas B, J6, EB, and E9. Campus Area B may be the 
only area that cannot be avoided by relocating surface facilities, 
however, the amount of potential habitat removed represents only a small 
percentage of ava11 able habitat in northeastern 11 l i noi s. 

To ensure that SSC construction avoids the specialized summer habitat 
for the Indiana bat, field reconnaissance will be made during the pre
construttion phase to locate potentially affected riparian areas that 
have the particular characteristics that comprise optimal foraging and 
roosting habitat. If it appears that suitable habitat is present, con
struction plans could include the following measures to maintain habitat 
integrity: 

o Prohibit removal of potential roosting trees within 100 ft of 
the foraging streams. 

o Prohibit tree cutting or trimming in riparian woodlands during 
the maternity period of May through August. 

o Minimize human intrusion and noise generation in riparian 
woodlands during the maternity period. 

With these measures, construction and operations of the SSC should have 
minimal effect on the Indiana bat if Illinois is selected. 

The threatened prairie bush clover and lakeside daisy are not likely to 
be present at the site in areas that would be disturbed. The preferred 
habitat of the prairie bush clover consists of dry-mesic or dry gravel 
prairie on steep slopes of bluffs and moraines. Field work conducted by 
the Illinois Natural History Survey (1988) located one prair·ie remnant 
on the proposed SSC site. This area occurs along a railroad right-of-way 
-.and is a wet-mesic prairie that does not contain suitable habitat for 
the species. Lakeside daisy is also associated with dry-mesic prairie. 
If suitable habitat is found in the site area or in areas proposed for 
ancillary facilities, these areas would be surveyed during preconstruc
tion for the presence of these species. Expansion of the prafrie 
restoration project on Fermilab grounds could provide mitigation if dry 
prairie conditions exist for these plants. 

Seven candidate species for Federal listing and 92 State-protected 
species of plants and animals have biogeographical ranges that include 
the proposed site. The majority of these species are associated with 
undisturbed prairie and wetland or aquatic communities. Because of 
intensive agricultural development and rapid urbanization in the region, 
most of these species would be considered rare or absent unless they are 
already protected in parks or refuges. These areas will not be affected 
by SSC development. During preconstruction, all habitats at each of the 
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proposed surface facilities 1'/oul d be surveyed to co11fi rm the presence of 
rare, candidate, and State-protected species and to d<!velop appropriate 
mitigation in the event any species found would le adversely affected. 

D. !'.1Lch~!l 

Tile summer range of the F1Jderally endangered Indiana bat includes the 
propt:~.ed Michigan SSC si t.e; ho1'lever, no 1 imestone caves or other suit
able hab'itat. for hibernation exists in the ;,rea. Although it is not 
known to have bi-oeding sites in the region, a recent sl!rvey of the pro
posed surface facilities ident!fled several of these sites that have 
potantial foraging, roosting, and nesting habitat that could be attrac
ti\.'e to summer populations of Indiana bats. Foraging, nesting, and 
roosting habitat may be present in campus areas A, B, and C along 
Thornapple Creek. This habitat would he lost because construction of 
surface facilities within these areas cannot be avoided by relocation of 
the facilities. Potential Indiana bat habitat in the areas of J2, J3, 
El, Fl, E2, and F2 can be relocated to a certain degree depending upon 
the proposed activity. Ha!Jitat in these areas would be avoided under 
the procedure described above for Illinois. Because the Indiana bat is 
known to range ext•~nsive1y throughcut sc>1:thern Michigan, the amount of 
pot!'~tial summ~r habitct lost due ta SSC development would represent an 
extrPmely small percent~ge of the overall habitat available for the 
species. Prior to site di$t1Jrbance, all preferred habitats would he 
surveyed to determine the pre~ence or absence of the species. If the 
species is found, the !JOE would begin consultation with the U.S. Fish 
and Wildlife Service and Michigan Deparlment of Natural Resources to 
determine appropriate measures to avoid or mitigate potentially adverse 
impacts. 

Several Federally listed species of birds could pass through the area 
during migration, including bald eagle, peregrine falcon, Kirtland's 
warb1er and piping plover. However, no impacts are c,xpected. 

The Michigan site has a great degree of habitat diversity and may con
tain populations of several candidate or State-protected species. Four 
candidate plant species for Federal listing, kittentails, bog bluegrass, 
log sedge, and prairie fringed orchid may be present in the site vicin
ity. The candidate species, loggerhead shr·ike has a breeding range that 
includes the site; however, the species' breeding range is contracting 
5outhward, and the actual presence or absence of breeding in the site 
region wouid have to be confirmed during preconstruction surveys. In 
add it i 011, there are several State-protected species of wildlife (spotted 
t~rtle, king rail, least shrew, Mitchell's satyr), fish (black redhnrse 
and greati.ir redhorse}, and plants (gin$cng, golden-seal, edible 
valerian), that may be present at various locations on or near the site. 
'!he two species of fish a.re not expected to be adversely affected 
because the portions of the Grand River where they are known to be 
present. would not be s1J!1ject to surface disturbance. 

ICHP5W3368814 EIS Volume I Chapter 5 



Environmental· Consequences, aod.ir.ttttg9Uve Measures, 5·115' 

Impacts to plants and wildlife from project development could include 
loss of habitat, direct mortality, and, in the case of wildlife, noise 
and human disturbance. The numerous wetlands and forested areas in the 
vicinity of the proposed surface facilities·would be intensively sur
veyed to determine the presence or absence of the protected terrestrial 
plant and wildlife species and to develop appropriate mitigation 
measures. 

E. North Carolina 

Two Federally-listed species of birds are potentially present in the 
region containing the proposed North Carolina SSC site. The endangered 
bald eagle and peregrine falcon are occasionally found in the region as 
wide-ranging migrants, but neither is expected to breed locally. Because 
of habitat limitations, neither species would be present at the site, 
nor would they be affected by site development. 

Harperella, a federally-listed endangered wetland plant, has been ob
served in North Carolina at only two locations. One of these is in 
Granville County along the Tar River approximately 2 mi downstream of 
the southeast portion of the ring. The plant is typically found along 
the margins of streams and pools, in rocky shoals or shallow gravel. 
Although no surveys for harperella have been conducted at the site, 
preferred habitats in areas likely to be disturbed by surface activities 
would be surveyed for the presence or absence of the plant. Any popula
tions that are found would not be adversely affected because no construc
tion is planned within riparian areas, and populations of harperella 
would be avoided during project development. -

Candidate species that are proposed for. Federal listing include the dwarf 
wedge mussel. Candidate species under review include a fish, Carolina 
madtom, and four pl ants, smooth coneflower, Barbara's buttons, nestronia·, 
Lewis' heartleaf, and the migrant loggerhead shrike. With the exception 
of the dwarf wedge mussel, there are no available population data for 
these species in the vicinity of the site. The dwarf wedge mussel has 
been found in stretches of the Tar River that are not expected to be 
affected by SSC construction, but may also be present in other streams 
that would be crossed by access routes associated with the proposed sur
face facilities. Appropriate mitigative measures would include runoff 
control. The candidate species loggerhead shrike is known to breed in 
the site vicinity and could be adversely affected if its breeding 
habitat is disturbed by construction activities. 

Local plant and animal species having special status in North Carolina 
include 11 plants (see Table 4-18), up to seven species of freshwater 
mussel (several are proposed for listing; Table 4-18 and Appendix 11), 
one fish (Roanoke bass), one amphibian (Neuse River waterdog), and one 
bird (loggerhead shrike). Surveys of the local drainage basins indicate 
that the Tar, South Flat, and Flat rivers and Mayo Creek contain impor
tant mussel populations that would require protection during surface 
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disturbance. Field studies would be conducted to confirm any local 
populations of these mussels, as well as the other candidate or State
protected species, and to evaluate potential impacts. Mitigative 
measures would be planned and evaluated during the planning phase and 
incorporated in project design. 

The cedar glades of Tennessee? are sensi ti11e habitats for .several endan
gered, candidate, and State-protected species. The endangered Tennessee 
purple coneflower is found in cedar glades about 15 mi north of the 
proposed site. The nearest known population Is just within the proposed 
coll Ider ring on the eastern side of Cedar Grove thurch. Cedar glades 
ne.:ir the site would not be affected by the project location. However, 
other areas that may be affected by ancillary facilities have not been 
stirv<~,;,ed extensively for cedar gla.des, which could occ:ur there. There 
are also 11 candidate plants (Table 4-17) and 12 State-protected plants 
(Table 4-18), many of which are associated with the cedar glade 
communities. Because of the 1 r sensitivity and economic importance to 
the region, cedar glades should be avoided in project development. 

The endangered Indiana bat and gra}' bat are potentially present in the 
region. As discussed in the Illinois section above, the Indiana bat 
generally forages, roosts, and nests in forested riparian areas; recent 
site surveys ha~e indicated that such habitat is present in the site 
vicinity. Although foraging habitat is not present on the site, poten· 
tial nesting and roosting areas occur at several locations (areas B, J2, 
JS/K2, J6, E4, E5, E6, and EB). With the exception of Area B, habitat 
at each of the other sites can be avoided to a certain extent by re
location of the proposed surface facilities. At area B, habitat would 
be lust, but this habitat is only a small percentage of the total 
habitat available to the· species within the region. Potential habitat 
for the Indiana bat would be surveyed prior to site disturbance, and the 
DOE would begin consultation with the U.S. Fish and Wildlife Service and 
St.ite of Tennessee to determine appropriate avoidance or impact 
mitigation, which may include compensation for habitat lost. 

The gray bat roosts in caves and forages over rivers and streams. No 
cdves potentially housing the gray bat are located in or beneath SSC 
surf am facility construct ion areas. Recent cave surveys have indicated 
that the Snail Shell Caves are periodically flooded, making them un
attractive to the gray bat (see Appendix 11). Near the edge of the 
injector area are located a few small sinkholes that may connect to the 
far reaches cf the Snail Shell Cave system. Injector construction is 
not expected to disturb the sinkholes. The tunnel depth is such that 
dissolution features are unlikely. Vertical shafts can be positioned to 
avoid features that connect directly to potential roosting areas should 
they be encountered. Hydraulic effects within fissures, which may 
interconnect and thus dewater the caves and disturb the ecology of 
roosting areas, could be avoided by sealing the tunnel (see Appendix 7) 
and by effective use of preconstruction site configuration studies to 
avoid such areas. 
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The Snail Shell Cave system contains populations of the candidate 
Te~nessee cave salamander, and recent surveys have revealed several 
species endemic to caves (Appendix 11}. Additional fieldwork would be 
necessary to determine the population status and distribution of these 
species. 

The endangered tan riffle shell mussel is probably only associated with 
larger tributaries and might be affected if erosion were significantly 
increased. Only two intermediate access points {E6 and ES), external 
beam access J4, and two interaction points {KS <1nd K6) come close to 
areas classified as wetlands. Likewise, the campus and injector areas 
have only minimal wetland habitat that could be affected. Other 
endangered species such as the birdwing pearly mussel and the Cumberland 
monkeyface pearly mussel, and the State-protected hellbender may also be 
present in the local river basins in areas that might be adversely 
affected by site disturbance. 

G. Texas 

Several Federally listed bird species may migrate through Ellis County. 
These include the whooping crane, bald eagle, Arctic peregrine falcon, 
interior least tern, and piping plover. None of these species has resi
dent populations in the project area. They are not attracted to the 
habitats present in the vicinity of the proposed SSC site in Texas and 
would not be adversely affected by construction or operations. 

The endangered black-capped vireo is known to nest in adjacent counties. 
Black-capped vireo habitat consists of a few small trees (typically oak 
or juniper) scattered among separated clumps of many bushes (usually oak 
or sumac). Bushes are in the open and their foliage reaches the ground. 
Nests are typically found near the ground in areas screened by foliage. 
The nearest known nesting habitat occurs along the White Rock Escarpment, 
approximately 2 to 3 mi west of a line parallel to the outer edge of the 
I region of the proposed site (Texas Parks and Wildlife Department 1988); 
the nearest known nest is in Dallas County, approximately 10-15 mi north 
of the site. Recent surveys conducted by Texas Parks and Wildlife 
Department (Wahl 1988) concluded that there was no adequate nesting 
habitat for the black-capped vireo on the proposed Texas site, because 
most of the area is recent or current cropland. Detailed habitat sur
veys during preconstruction could confirm this, and final placement of 
surface facilities could be altered to avoid any habitat that may be 
found. In addition, the service and access shaft areas would be placed 
in recently disturbed agricultural land. Therefore, it is unlikely that 
construction of the SSC would affect the black-capped vireo if the Texas 
site were selected. 

The site area may contain preferred habitat for several candidate 
species, including the Swainson's hawk, western snowy plover, mountain 
plover, long-billed curlew, loggerhead shrike, and golden-cheeked 
warbler. Because of extensive agricultural development in the region, 
most of these species are unlikely to be present. None are known to 
breed in areas potentially affected by facility construction. 
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The State lists six protected species potentially present in the area. 
Th0re are the wood stork (al so Federally endangered but not considered 
present by the USFWS), white-faced ibis, American swallow-tailed kite, 
~;r;1den-c'1eeked warbler, timber rattlesnake, and Texas horned lizard. 
The first three species are associated with large expanses of wetlands 
that are not present at the SSC site. Surveys conducted by the Texas 
P;: .. rks and Wildlife Department indicate that there is no available nest
jf.'.'l hr:.bitat for the golden-ch3eked warbler. Cnly the timber rattlesnake 
~;;<1 Tex~.s horned l'i zard have confirmed populations in Ellis County, 
altht:ugh population levels alid di stri but i ens are unknown. Impacts would 
likely include loss of habitat, d·isturbance by noise and human presence, 
;'nd direct mortality during construction or from collisions with vehicles. 
r·n:cor.struct ion surveys of p1·eferred ha bi tats wi 11 determine population 
st1tus and evaluate project effects on the species. 

~. l.5.3 ~etlands AssessmenJ; 

Executive Order 11990, Protection of Wetlands, requires the DOE to 
!'11s:;re consideration of wet.lands protection in decision-making. The DOE 
n;!Jnlations at 10 CFR 1022 establish procedures for DOE compliance. The 
C'.li'. will take action to avoid, to the extent practicable, the long- and 
skrt-tcrm adverse impacts associated with the destruction of wetlands 
«11d the occupancy and modification of wetlands, and avoid direct and 
indirect support of wetlands development wherever there is a practicable 
alternative. All actions would also be in compliance with Section 404 
of the Clean Water Act. 

SSC facilities will be desicmed so as to avoid adverse effects and 
incompatible development in-wetlands. Mitigative measures that will be 
considered include but are net limited to facility relocation, modifica-. 
tion of actions, and no action. Measures that mitigate the adv~rse 
effects of the proposed SSC in a wetland may include minimum grading 
requirements, runoff controls, design arid construction constra.ints, and 
protection of ecologically sensitive areas. 

Fer each site, the wetlands impact assessment 1) identifies the loca
tion, extent, and quality of potentially affected wetlands (see /l.ppendi x 
11); 2} describes the existing setting (see Volume IV, Appendix 5); 3) 
identifies the type a11d magnitude of expected impacts (see Volume IV, 
Appendix 11); 4) assesses the significance of such impacts (see Volume 
IV, Appendix 11); and 5) discusses appropriate mitigation measures that 
could be taken to reduce the magnitude of the anticipated adverse impacts 
a·ssociated with wetlands (see Volume IV, Appendix 11). Consultation 
with Federal and State agencies has been initiated. If necessary, relo
cation of facilities would be considered to avoid wetland encroachment 
following preparation of site-specific design drawings for the selected 
site. 
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A. Arizona 

No wetlands have been identified in the project area. Xeroriparian 
habitat associated with larger ephemeral drainages and stock ponds are 
present in the project area but none are close enough to surface facil
ities to be impacted (see Volume IV, Appendix 5). 

Construction Impacts 

Due to the absence of wetlands within areas where surface facilities 
would be developed, no impacts to wetlands would occur. 

Operations Impacts 

A 135-acre evaporation pond (or a number of small ponds totalling 135 
acres) would be created. This pond could provide a habitat for a number 
of plant and animal species. 

B. Colorado 

Surface facilities at the proposed SSC project site in Colorado could 
encroach upon approximately ~.7 acres of wetlands (see Volume IV, 
Appendix 11, Table 11.3.2.3-1 and Figure 11-1). All of the wetlands are 
moderately degraded from agricultural activities. However, these areas 
provide topographic relief and are among the only natural areas occurring 
within the study area. 

Both the north/south access road and rail spur would cross palustrine 
emergent wetlands and flats associated with Badger Creek and its tribu
taries and a riverine wetland associated with Fort Morgan Canal. Each 
wetland that would be crossed is about 0.2 acres or less in $ize; these 
total approximately 1.6 acres for both the access road and rail spur. 
These wetlands are all moderately to severely degraded (see Volume IV, 
Appendix 11, Section 11.3.2.3). 

The planned alignment of the east/west access road crosses over 40 wet
lands totalling about 200 acres. Most of the wetlands are associated 
with small order, intermittent streams and are 0.5 acres or less in size. 
Most are moderately degraded from agricultural activities or severely 
degraded either from excavation and water level modification (e.g., 
canals along the western portion of the corridor) or from agricultural 
activities (e.g., farm ponds). However, a few wetlands exhibit slight 
to no degradation and are among the most extensive wetlands in size that 
would be encroached by collider and ancillary surface facilities (e.g., 
those associated with Beebe Seep, Neres Canal, and Bijou Creek). 

~onstruction Impacts 

Two of the surface facilities (area Band El) to be initially developed 
at the proposed Colorado site could impact wetland habitats. Construc
tion at these sites could result in the destruction or modification of 
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about 3.7 acres of palustrine wetlands. However, this is a conservative 
estimate, and the amount of wetland habitats actually impacted would 
likely be lower (see Volume IV, Appendix 11, Section 11.2.2 and 
11.3.2.3). -

Facilities proposed for future expansion (area C and.JG) could affect 
approximately 1 acre of wetlands habitats. 

Spoils disposals, planned for upland sites away from wetlands, are not 
anticipated to impact wetlands. 

Indirect construction impacts, such as siltation and erosion, could have 
a minor effect where wetlands habitat is situated in close proximity 
(within 250 ft of facility boundaries) to a construction site. There 
are wetlands adjacent to E4, Fl, J2, and K6. The erosion control 
measures planned for the construction of surface facilities (described 
in Volume IV, Appendix 7) should minimize impacts to the wetlands. 

Wetlands impacts could also result from the construction of the various 
ancillary facilities (e.g., the railroad spur, east/west access road, 
upgrade of the north/south access road, and the installation of the gas 
and water pipelines). These facilities could disrupt an estimated 1,770 
acres. The acreage of wetlands included in this total, particularly for 
the 541 acres related to pipeline construction, has not been determined 
as final routing alignments have not been established. 

QQgrations Impacts 

Operations of the SSC facility would not significantly impact existing 
wetlands. A 255-acre evaporation pond (or a number of smaller ponds 
totalling 255 acres) would be created. This pond could serve as habitat 
for a variety of plant and animal species. 

Mit_i<iation 

MH igati on of wetlands impacts could be accomplished by re 1 ocat ion of 
surface facilities that are within or adjacent to wetlands. Facility El 
could be located up to 200 ft from its proposed location. This reloca-· 
tlon could eliminate facility location within wetlands habitat. Also, 
J3 or J4 could be constructed instead of J6. Such an alternative 
facH ity choice would avoid wetlands impacts associated with development 
of the buried beam access zone areas. Location of ancillary facilities 
could also be adjusted during final design. Bridging wetlands may be 
possible under some circumstances. Best engineering practice for ero
sion control would be used to minimize surface runoff to adjacent 
wetlands. See Volume IV, Appendix 7 for a description of these erosion 
control practices. 

To further mitigate any wetlands loss where avoidance or other mitigation 
is not effective, replacement could be used as mitigation. Additional 
mitigation could be proposed as a result of consultation during final 
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design with appropriate Federal and/or State agencies. All work within 
wetlands would be conducted in accordance with conditions of opplicable 
permits and regulations. 

C. lJ.linois 

Wetlands are abundant in the Illinois project area and comprise about 
921 acres (115 wetlands) of the fee simple area where surface facilities 
would be located (see Volume IV, Appendix 11, Table 11.3.3.3-1 and 
Figures ll-2 through ll-B). Palustrine wetlands are the most common 
wetland type in the area but lacustrine and riverine wetlands are also 
found. A large amount of the wetland habitat (900 acres) lies within 
the Fermilab property (equivalent to areas A, B, and C of other alter
native sites) (Volume IV, Appendix 11, Figure ll-2). Approximately 
265 acres of these wetlands are part of the Fermilab Prairie Restoration 
Natural Area located in the middle of the existing accelerator ring 
where no construction is planned. 

Most of the wetlands associated with surface facilities have been 
de9raded to some extent. A total of 26 wetlands (about 142 acres) are 
severely degraded. Fifty-three wetlands (about 505 acres) are moder
ddy degraded. Agriculture and/or residential and industrial develop
ment account for most of the degradation. The wetlands within the 
Fermilab Prairie Restoration Natural Area also show some degree of 
degradation due primarily to impounding, diking, and ongoing prairie 
restoration work. Twenty-five wetlands (about 227 acres) show little or 
no evidence of degradation. These wetlands are primarily confined to 
the Fermilab site. The only wetlands outside the Fermilab property that 
is considered to have little or no degradation is a riparian forested 
wetlands in the vicinity of F4 (Volume IV Appendix 11, Figure 11-3). 
The quality of wetlands (about 46 acres) shown on the USFWS wetland maps 
were not evaluated. 

Construction Impacts 

Six of the surface facilities to be initially developed at the proposed 
Illinois site could impact wetlands habitat (A, B, F4, Fa, F9, and FlO). 
Construction of these facilities could result in the destruction or 
modification of about 199 acres of wetlands. However, this is a con
servative estimate, and the amount of wetlands impact would likely be 
lower (see Volume IV, Appendix ll, Section 11.2.2 and 11.3.3.3). 

Facilities proposed for future expansion could impact an additional 
290 acres of wetlands (in areas C, JS and J6). Area C would be located 
in Fermilab and thus could impact any of the wetlands within this area 
depending on its location. 

Spoils disposal.. is to occur within· various quarry sites. Approximately 
24 acres of wetlands occur in these quarries, and most are severely 
degraded. However, one Z.l-acre wetland in a quarry site has well
developed wetland vegetation that is only moderately degraded. Spoils 
disposal would eliminate all of these wetlands. 
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Indirect construction impacts, such as siltation and erosion, could 
affect wetlands adjacent (within 250 ft of facility boundaries) to 
proposed surface facilities. There are wetlands adjacent to sites J2 
and J4. The erosion control measures planned for the construction of 
surface facilities (described in Volume IV, Appendix 7) should minimize 
impacts to these wet lands. 

Construction of ancillary facilities would disturb approximately 
200 acres of land. The wetlands acreage included in this total has not 
been determined because the location of these facilities has not been 
finalized. One possible mitigative measure would be realignment of 
ancillary facilities, such as access roads and pipelines. 

Qi!grations Impacts 

Operations of the SSC facility would not significantly impact existing 
wetlands. 

Mitigation 

Mitigation of wetlands impacts could be accomplished by relocation of 
surface facilities that are within or adjacent to wetlands. Facilities 
F4, FS, F9, and FIO could be located up to 200 ft from their proposed 
locations. These relocations would eliminate or minimize facility loca
tion impacts to wetland habitats. However, relocation of these facil
ities would not completely eliminate the potential for wetlands impacts. 
For F4, in particular, mitigative measures other than relocation may be 
required {see Volume IV, Appendix II, Figure 11-3). Other mitigations 
could include the development of JI or J2 rather than JS, and ,J3 or J4 
rather than J5. These alternative facility choices would avoid wetlands 
impacts associated with development of the bur·ied beam access zone areas. 
Locations for ancillary facilities could be adjusted during final design 
to minimize their impact on wetlands. Bridging wetlands may also be 
possible in some inst~nces. Best engineering practice for erosion 
control would be used to minimize runoff to adjacent wetlands. See 
Volume IV, Appendix 7 for a description of these erosion control 
practices. 

To further mitigate potential wetlands loss where avoidance or other 
mitigation is not effective, replacement could be used as a mitigation. 
Additional mitigation could be proposed as a result of consultation 
during final design with appropriate Federal and/or State agencies. All 
work within wetlands would be conducted in accordance with conditions of 
required permits and regulations. 

D. Michigan 

Wetlands are abundant in the proposed Michigan area and comprise approx
imately 567 acres (IIB wet1ands) of the fee simple areas where surface 
facilities would occur (Volume IV, Appendix 11, Table 11.3.4.3-I and 
Figures 11-9 through ll-2I). Most of these wetlands are c'lassified as 
palustrine. 
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The wetlands acreage figures in the FEIS are based on a new survey which 
resulted in the development of more realistic (but still conservative) 
figures than were presented in the DEIS. The wetlands acreage figures 
for Michigan are significantly lower in the FEIS. 

Many of the wetlands that could be affected have been degraded to some 
extent, largely due to agricultural practices. Some degradation has 
also been caused by residential and industrial development. About 
215 acres of wetlands (31 wetlands) show moderate degradation and about 
77 acres (17 wetlands) are severely degraded. However, 63 wetlands 
(268 acres) show little or no physical evidence of degradation. Seven 
wetlands totalling 7.3 acres shown on the USFWS wetland maps were not 
evaluated for quality. 

Construction Impacts 

Construction of nine of the surface facilities (areas A, B, El, E4, ES, 
Fl, F9, FlO, and K2) to be initially developed at the proposed Michigan 
site could result in the destruction or modification of approximately 
190 acres of wetlands habitats. However, this is a conservative esti
mate and the amount of wetlands impact that would occur is likely to be 
lower (see Volume IV, Appendix 11, Sections 11.2.2 and 11.3.4.3). 

Facilities proposed for future expansion could impact an additional 
319 acres of wetlands (areas C; JI or JS; J3 or J6; and K4). 

Spoils disposal is to occur within several abandoned quarry sites. 
Little wetland habitat exists in these quarries, and most are severely 
degraded. 

Indirect construction impacts, such as siltation and erosion, could 
affect wetlands adjacent (within 250 ft of facility boundaries) to 
proposed surface facilities. Sites E2, E7, F2, F3, FS, F6, and K3 are 
adjacent to wetlands. The erosion control·measures planned for the 
construction of surface facilities (described in Volume IV, Appendix 7) 
should minimize impacts to these wetlands. 

Construct ion of ancillary faci 1 it i.es could disturb about 252 acres of 
land. The wetlands acreage included in this total has not been deter
mined because the locations of these facilities have not been finalized. 

Operations Impacts 

Operations of the SSC facility would not significantly impact existing 
wetlands. 

Mitigation 

Mitigation of wetlands impacts could be accomplished by relocation of 
surface facilities that are included within or are adjacent to wetlands. 
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Facilities El, E4, ES, Fl, F9, FlO, and K2 could be located up to 200 ft 
from their proposed locations. These relocations would eliminate or 
minimize facility location impacts to wetland habitats. However, re
location of these facilities may not comp"Jetely eliminate the potential 
for wetland impacts. Fl and F9, in particular, may require mitigative 
measures other than relocation (see Volume IV, Appendix 11, Figures 
11-13 and 11-14). Other mitigations could include the development of Jl 
or J2 rather than JS, and development of J4 rather than J3 or JG. These 
alternative facility choices, combined with slight relocation of either 
Jl or J2, would avoid wetland impacts associated with development of the 
bur·ied beam access zone areas. The 1oc:ations of ancillary facilities 
could be adjusted during final design to minimize their impact on wet
lands. Bridging wetlands m~y also be possible in some instances. Stan
dard erosion control practices could be used to minimize surface runoff 
to adjacent wetlands. See Volume IV, Appendix 7 for a description of 
these erosion control practice>. 

To further mitigate any wet"Ja11ds loss where avoidance or other mitiga
tion is not effective, replacement could be used as a mitigation. Addi
tional mitigation coit1d be proposed as a result of consultation during 
final design with appropriate Federal and/or State ager.cies. Ali work 
within wetlands would be conducted in accord~nce with conditions of the 
required permits and regulations. 

E. f'.l_qfth Car.tJlina 

Wetland habitat is relatively common in the North Carolina proposed sit.e 
area. Approximately 151 acres (53 wetlands) occur in fee simple areas 
associated with surface facilities at the prcposed site in North 
Caroiina (Volume IV, Appendix 11, Table 11.3.5.3-.l and figures 11-22 
through 11-30). Wetland types include palustrine wetlands {emergent and 
forested) associated with streams and farm ponds, riverine wetlands, and 
lacustrine wetlands (man-made reservoirs). 

Nearly half of the wetlands (26 totalling approximately 71 acres) are 
moderately degraded and 8 -wetlands {12.3 acres) are severely degraded. 
Degradation can be attributed to a variety of factors including 
agricultur•l practices and residential development. ·wetlands totaling 
approximately 68 acres (19 wetlands) show little or no evidence of 
degradation. · 

Five of the· surface facilities (Areas A and B and sites E2, E3, and F7) 
to be initially developed could impact wetland habitats. Construction 
of the proposed surface facilities at these sites could result in the 
destruction or modi ficat in~ of about 41 acr-es of wetlands. However, 
this is a conservative estimate, and the amount of wetlands impact is 
likely to be lower (see Vo1ume IV, Appendix li, Section 11.2.2 and 
11.3.5.3). 
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Facil !ties propcsc•j for future expansion (Area C; JI, or J2; and J3, J4, 
er J6) wu~ld impact a maximum of 98 acres of wetlands. 

Spoils disposal areas would occupy an estimated 320 acres. All proposed 
disposal areas are at least 300 ft away from wetlands. 

Indirect construction impacts, such as siltation and erosion, could 
affect wetlands adjacent (within 250 ft of facility boundaries) to pro
posed surface facilities. Sites ES, F9, and K6 are adjacent to several 
relatively small wetlands. The erosion control measures planned for the. 
construction of surface facilities (described in Volume IV, Appendix 7) 
should minimize indirect impacts to these wetlands. 

Construction of ancillary facilities could disturb about 840 acres of 
land. The wetlands acreage included in this total has not been deter
mined because the location of these facilities has not been finalized. 

Operations Impacts 

Operations of the SSC facility would not significantly impact existing 
wetlands. 

Mitigation 

Mitigation of wetland impacts could be accomplished by relocation of 
surface facilities (including aboveground structures within areas A and 
B) that are located within or are adjacent to wetlands. Facilities E2, 
E3, and F7 could be located up to 200 ft from their proposed locations. 
These relocations would eliminate or minimize facility locations within 
wetland habitats. However, relocation of these facilities may not com
pletely eliminate the potential for wetland impacts. E3, in particular, 
may require mitigative measures other than relocation {see Volume IV, 
Appendix II, Figure 11-24). Other mitigations could.include the devel
opment of JS rather than JI or J2, and development of J3 rather than J4 
or J6. These alternative facility choices would avoid wetland impacts 
associated with development of the buried beam access zone areas. Loca
tions of ancillary facilities could be adjusted during final design to 
minimize their impacts on wetlands. Bridging wetlands may also be pos
sible in some instances. Standard erosfon control practices would be 
used to minimize surface runoff to adjacent wetlands. See Volume IV, 
Appendix 7 for a description of these erosion control practices. 

To further mitigate wetlands impacts where avoidance or other mitigation 
is not effective, replacement could be used as a form of mitigation. 
Additional mitigation could be proposed as a result of consultation 
during final design with appropriate Federal and/or State agencies. All 
work within wetlands would be conducttd in accordance with conditions of 
required permits and regulations. 
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Wetlands are relatively common in the Tennessee proposed site area. 
There nre approximately lf:5 acres {113 wetlands) associated with planned 
surface facilities (Volume IV, Appendix 11, Table 11.3.6.3-1 ;;nd Fig1Jres 
11-31 through 11-34}. Most of these wetlands are farm ponds that are 
less than an acre in size. Palustrine emergent, palustrine forested, 
and riverine wetlands also occur within the proposed facility sites. 
Most of the wetlands are moderately degraded (71 wetlands, 61 acres) or 
severely degraded {27 wetlands, 23.3 acres) as a result of agricultural 
practices and livestock use. Few wetlands {4 wetlands, 15.7 acres) show 
little or no degradation; three of these are forested palustrine wet
h.nds located in area C and one is a riverine wetland that passes throt19h 
Fl. El even of the wetlands { 4 .8 acres) 1 ocated in areas B and C were 
not assessed. 

fQn st ruct i Q.~_ImJ:lacts 

·five cf the surface facility sites to be initialiy developed at the 
proposed Tennessee site could impact wetland habitat (areas A, B, Fl., 
K2, and KG) {Volume IV, Appendix 11, Table 11.3.6.3-1). Construction of 
the proposed surface facilities at these sites could result in the 
destruction or modification of 38 acres of wetlands. Hnwever,., this is a 
conservative estimate and the amount of wetland impact that would occur 
is likely to be lower {see Volume IV, Appendix ll, Sections ll.2.2 and 
11.3.6.3). 

Facilities proposed for potential future development (Areas C; JI; J2; 
of JS; and J6) could impact a maximum of about 66 acres of wetlands. 

Spoils disposal areas would be located in close proximity to each sur
face facility site. Approximately 3.1 acres of wetlands are associatod 
with the 388 acres to be disturbed for spoils disposal sites. Those 
wetlands identified were moderately degraded and would be destroyed. 

Indirect construction impacts, such as siltation and erosion, could 
affect wetlands adjacent (within 250 ft. of facil Hy boundaries) to 
proposed surface facilities. Sites ES, E6, EID, F4, and K6 are adjacent 
to several small wetlands. The erosion control measures planned for the 
construction of surface facilities (described in Volume IV, Appendix 7) 
should minimize indirect impacts to these wetlands. 

Construction of ancillary facilities could disturb close to 340 acres of 
lclnd. The wetland acreage included in this total has not bee:i deter
mined because the locations for these facilities have not been finalized. 

Operations Im~ 

Operations of the SSC facility should not significantly impact existing 
wetlands. 
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Mitigation 

Mitigation of wetlands impacts could be accomplished by relocation of 
surface facilities that are within or adjacent to wetlands. Facilities 
Fl, K2, and K6 could be located up to 200 ft from their proposed loca
tions. These relocations could eliminate facility locations within wet
lands habitats. Only two of the J areas are expected to be developed. 
Thus, other mitigations could include the development of Jl or J2 
(coupled with slight relocation of either of these facilities) rather. 
than J5, and the development of J3 or J4 rather than J6. These alter
native facility choices would avoid wetlands impacts associated with 
development of the buried beam access zone areas. Location of ancillary 
facilities could be adjusted during final design to minimize their 
encroachment upon wetlands. Bridging wetlands may also be possible in 
some instances. Standard erosion control practices could be used to 
minimize surface runoff to adjacent wetlands. See Volume IV, Appendix 7 
for a description of these erosion control practices. 

To further mitigate wetlands loss where avoidance or other mitigation is 
not effective, replacement could be used as a form of mitigation. Addi
tional mitigation could be proposed as a result of consultation during 
final design with appropriate Federal and/or State agencies. All work 
within wetlands would be conducted in accordance with conditions of 
required permits and regulations. 

G. Texas 

Wetlands are not common in the Texas project area. Approximately 41 
acres of wetlands (14 wetlands) are associated with surface facilities 
(Volume IV, Appendix II, Table 11.3.7.3-1 and Figures 11-35 through 
ll-3g). Most of these wetlands are stock ponds that are each less than 
an acre in size, although a few palustrine forested wetlands also occur . 

• 
Wetlands in areas A, B, C, and K6 (6.6 acres, 8 wetlands) are moderately 
degraded from grazing and soil erosion._ The palustrine forested wet
lands (34.8 acres, 6 wetlands) that occur at sites J2, J3, J4, and J6, 
however, show-little or no evidence of degradation. 

Construction Imoacts 

Three of the surface facility sites to be initially developed at the 
proposed Texas site could impact wetland habitats (areas A, B, and K6). 
Construction of the proposed surface facilities at these sites could 
result in the modification or destruction of about 2.8 acres of 
wetlands. ·However, this is a conservative estimate and the amount of 
wetland impact that would occur is likely to be lower (see Volume IV, 
Appendix 11, Sections 11.2.2 and 11.3.7.3). 

Facilities proposed for future expansion (areas C; J2 or J3; and J4 or 
J6) could impact a maximum of about 37 acres of wetlands. 
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Alternatives for spoils disposal include locations near areas of gener
ation as well as the filling of old quarries. Spoils disposal would 
impact about 114 acres of land. Impacts to wetlands associated with 
spoils disposal cannot be assessed at this time because the locations of 
these areas have not been finalized. 

Indirect construction impacts, such as siltation and erosion, could 
affect wetlands adjacent (within 250 ft of facility boundaries) to pro
posed surface facilities. Sites El, E6, E9, and f6 are adjacent to 
several small wetlands. The erosion control measures planned for the 
construction of surface facilities (described in Volume IV, Appendix 7) 
should minimize'indirect impacts to these wetlands. 

Construction of ancillary facilities would disturb about 550 acres of 
land. The wetland acreage included in this total has not been 
determined. 

Operations Impacts 

Operations of the SSC facility should not significantly impact existing 
wetlands. A 396-acre evaporation pond (or a number of smaller ponds 
totalling 396 acres) would be created. The pond might provide habitat 
for a number of wetland plant and animal species. 

!1.i ti gat i.9.!1 

Mitigation of wetland impacts could be accomplished by relocation of 
surface facilities that are located within or adjacent to wetlands. 
Facility K6 could be located up to 200 ft from its proposed locations. 
This relocation could eliminate facility location within wetland habitat. 
Only two of the J areas are expected to be constructed. Thus, other 
mitigations could include the development of JI rather than J2 or JS, 
and the development of J6 (coupled with a slight relocation) rather than 
J3 or J4. These alternative facility choices would avoid wetland impacts 
associated with development of the buried beam access zone areas. The 
latter (development of J6) is of particular importance as it would avoid 

·potential impacts with high quality wetlands associated with Chambers 
Creek. Locations of ancillary facilities could l:e adjusted during fi11al 
design to minimize their encroachment upon wetlands. Bridging wetlands 
may also be possible in some instances. Best engineering practice for 
erosion control would be used to minimize surface runoff to adjacent 
wetlands. See Volume IV, Appendix 7 for a descri pt 'ion of these erosion 
control practices. 

To further mitigate wetland loss where avoidance or other mitigation is 
not effective, replacement could be used as a form of mitigation. Addi
tional mitigation could be proposed as a result of consultation during 
final design with appropriate Federal and/or State agencies. All work 
within wetlands would be conducted in accordance with conditions of 
required permits and regulations. 
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5.1.5.4 Comme.rcially. Re.creaticMlly or Culturally Important Species 

Agricultural production, including livestock feeding, will not be mea
surably impacted by the proposed action at any site. Hunting, trapping, 
and fishing as recreational activities would be restricted at all seven 
site alternatives during constr~ction and would continue to be tightly 
controlled within fenced fee simple areas for the operational life of 
the SSC. The exact locatfons of these areas wi"ll be determined later 
during final design of the project. Factors associated with SSC project 
siting and operations may additionally alter existing types and dispersal 
of current recreat1on patterns, and may change the number of visitors 
within an area; these effects would be analyz.-d in more detail upon 
selection of the SSC site. 

A. Arizona 

Although prohibited by State la11, harve:;ting mesquite and collecting 
reptiles and cacti is likely to continue throughout this region because 
of increased access to the area provided by the project. It is dif
ficult to predict exactly how poaching, will be affected following SSC 
project activities in the area; while improved access, 1ncluding off
road vehicle routes, may allow n•ore poachers to enter the area, it may 
simultaneously inhibit them, due to greater habitation and population 
growth, in the area. 

While ac.cess to the area would be increased by SSC facility construc
tion, at the same time, greater institutional controls on access could 
be imposed as has ,been informally suggested by the BLM. One potential 
point of conflict could occur if extensive fencing is used for control 
of public access. In some areas, this would be in direct conflict with 
the recommended desert bighorn sheep and desert tortoise mitigation 
efforts, which require prohibition of fencing in key migratory range 
habitats. The impact of fencing on desert tortoise, however, depends on 
the type of fence used. Four- to five-strand barbed wire would have 
virtually no impact on the species; a chain-link fence to the ground, on 
the other hand, would severely curtail tortoise movements. Fencing and 
other controls could be instituted in consult~tion with BLM and Arizona 
Game and Fish Department. 

No information is available on hunting frequency or success in the area; 
however, Arizona Game and Fish Department management should not change 
substantially as a result of SSC presence beyond the construction 
period. There are no fish, and therefore, no fishing at or near the 
Arizona SSC site. Feral burros are unlikely to be adversely affected. 

Effects of noise, blasting, ~nd compressor operation on the physiology 
and behavior of bighorn sheep are relatively well studied because of 
previous large-scale projects in other sheep ranges, such as Lake Powell 
and the Alaskan pipelines. The results of these studies suggest that 
the previous experience of the bighorns with noise of similar magnitude 
and intensity determine their individual reactions to new noise sources. 
Typically, animals respond less to noise alone than to noise accompanied 
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by v·isible action, such as helicopters or human intruders. Depending 
upon the degree of acclimation of individual sheep to the constant noise, 
effects of SSC construct!on and operations could range from no effect to 
total sheep avoidance of areas adjacent to the noise source. 

B. .(:olorado 

There are no commercially or culturally ·important species along the SSC 
ring in Colorado; however, many species of recreational potential are 
present. Recreational hunting does occur in the area. Colorado Small 
Came Management Unit 36, which includes the project area and the surround· 
ing South Platte River bottomlands, ranks first in the State for mourning 
dove harvest (Colorado Division of Wildlife 1987). Both pronghorn ante
lope and mule deer are hunted in the area, and badger, beaver, coyote, 
and red fox are trapped. Beyond possible localized restrictions and 
increased hunting from in-migrants during the construction period, the 
SSC should not alter these activities. Sport fishing in the reservoirs 
northwest of the site would be unaffected by the SSC project. 

C. llJinois 

Hunting, fishing,_ environmerrtal education, and bird watching are the 
primary recreational uses of the area of the Illinois site. The Fox 
River supports a major and diverse roc.reat·ional fishery, which is not 
expected to be negatively impacted by construction of the SSC. 

Within the area, most hunting occurs on private land and along the Fox 
River. Hunting leases on agricultural land are also common, the lease 
rate being variable depending on the number and types of species present. 
In general, most leases are for ring-necked pheasant, waterfov1l, and 
white-tai 1 ed deer hunting. Cottont.ai 1 rabbit is al so a freciuent 1 y 
sought species. The populations of game species in the area have been 
declining over recent years due to continually increasing pressures of 
uruanization. Access to this resource, while somewhat limited during 
construction, should return dur"ing operations. No measurable impact to 
small mammal or game bird abundance is anticipated due to the SSC. 

D. Michigan 

Numerous recreationally important species, particularly sport fish, are 
found within the proposed SSC ring alignment in Michigan. The Grand 
River is the major site of recreational use of this resource. Fishing 
is also done in Sycamore Creek. Michigan regulations requiring remedia
tion of wetland habitats, coupled with regulations protecting and en
hancing opportunities for anadromous fish populations, should serve to 
minimize any significant negative impacts to the fisheries along the SSC 
a"li gnment. 

Game mammals hunted throughout the area include cottontails, white-tailed 
deer, and fox squirrels; waterfowl hunting is also common. Furbearing 
mammals trapped and hunted include muskrat, mink and raccoon. Limitations 
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and restrictions on recreational activities could reduce the amount of 
hunting, fishing, and commercial trapping in some areas, particularly 
those immediately adjacent to facility concentrations. 

Passive recreational activities, such as bird watching and nature photo
graphy, are inevitably a part of the Haehnle Wildlife Sanctuary and 
Waterloo State Game Area usage and are not expected to be impacted by 
SSC construction or operations, except for increased usage. 

E. North Carolina 

Numerous species of recreational significance occur in the predominantly 
rural and natural areas of the proposed SSC site in North Carolina. 
Hunting, fishing, birding, and hiking are all pursued in the area. 
Fishing is not expected to be adversely impacted. 

Current estimates indicate that approximately 10 percent of the public 
hunting area of the State-owned Butner Game Lands would be within fee 
simple areas. Limitations on hunting within SSC areas would have a 
small effect on hunti~g activities, because extensive game lands occur 
in many other parts of the region, including areas surrounding Mayo 
Reservoir and Mayo Creek. 

Active recreational uses ,;uch as boating, water sports, camping, and 
bird watching at the Corps of Engineers lake in the area, Falls of 
Neuse Lake, and Lake Michie would remain unaffected by the SSC except 
for increased usage. 

F. Tennessee 

In Tennessee, no public hunting areas or State Wildlife Management Areas 
are located within the project area. The closest is about 15 mi north 
of the proposed ring alignment. Hunting and fishing occurs on private 
property and along rivers and streams throughout the area. Several 
streams in the area support. sport fisheries, such as the smallmouth bass 
in Stones River, among many others. These sport fisheries would remain 
unaffected by the SSC project. 

The four-county area, which is host to this ring alignment, is part of 
the Middle Tennessee Wildlife Management Region, which has the highest 
percentage of deer harvest for the State. Comparatively little habitat 
would be eliminated by construction of the SSC. The wildlife populations 
are expected to suffer no measurable impact other than localized dis-
P l acement. Wild turkeys, which have been reestablished within recent 
years in this portion of Tennessee, are currently increasing in numbers. 
Local flocks might experience loss or range during construction of indi
vidual dispersed SSC facilities. However, displacement and loss of 
habitat and range for these species would be temporary. 
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S>1veral ranches that raise and train Tennessee WJlking horses are pr·esent 
in the in>mediate area of anticipated SSC co~stn:ction, e.g., E4. The 
potential for impact frcm noise and vibration from construction and 
operation of comr,ressor units has been considered in a special ro.'View by 
Bowles, Awbrey and Jehl (1988), and is s~:mmarized in s~ction ll.3.6.4, 
Appendix 11, Volume IV. In general, noi;e would be expected to cause 
minor immediate b£:havior changes i:1 th~ f":1)f:;es, but wnuld have no 
·10119-term adverse effects. 

G. Texas 

In Texas, hunting, trapping, and fishing are popular in this largely 
rural/suburban area .. Hunting and fishing would not be affected sig11ifi
cantly by the SSC except for increased usage. As recreational activ
ities, they would cont lr.ue to bt' under pressure due to urbanizatlo~/ 
sub!jrbanization in the region. Loc~lized restrictions on such activ
ities within fee simple areas would serve to balance possible increase 
in the rates of sport fishing and game hunting from increased population 
grnwth in the immediate SSC area. 
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5.1.6 l•ealth Hazards (Radiological and Hazardous Materials Impacts) 

The proposed SSC project, from preconstruction through decommissioning, 
i~ould have some potential impacts on human health. These impacts are 
addressed in terms of both worker health and safety and public health 
and safety during "normal" conditions (the public is defined as people 
work fog or residing in SSC-adjacent areas affected by the project). In 
addition, serious accident scenarios (i.e., "abnormal" conditions) were 
examined for their potential impacts on both worker and public health 
and safety. The potential impacts were categorized as radiological, 
hazardous/toxic, or safety. For additional detailed discussions of 
health and safety concerns associated with the SSC project, see 
Appendix 12. · 

5.1.6.1 Rqutine Occupational Impacts 

Occupational health hazards could arise during preconstruction, construc
tion/installation, operations, and decommissioning of the proposed SSC 
project. The most significant hazards, focusing on the major impacts 
and mitigative measures, are addressed. Additional safety reviews and 
hazards analyses of the proposed SSC project will be carried out through 
the process of formal Safety Analysis Reviews (SAR) as design and oper
ational details become established. 

A. Radiolrutica] 

No man-made sources of radiation other than those associated with a 
construction project of this magnitude, e.g., industrial radiography 
sources, moisture density gauges used in roofing and highway construc
tion, etc. would be present at the SSC during construction. It is 
assumed that some radon will infiltrate the tunnel excavation from the 
surrounding material during construction, particularly in Arizona and 
Colorado. With a continuous tunnel ventilation rate equivalent to 0.46 
air exchanges per hour, the radon concentration is estimated to be about 
14 to 16 pCi/l at these sites. Other sites are estimated to have levels 
from about 3 to 6 pCi/l (see Appendix 12). Tunnel construction contrac
tors would be required to monitor for radon and to provide .continuous 
ventilation during excavation when workers are present. 

The SSC would be designed and operated such that radiological doses to 
workers would be minimized to as low as reasonably achievable throughout 
the SSC's operating life. Operating safety procedures.similar to those 
in practice at Fermilab and SLAC would be established and workers would 
be trained in these procedures before operations begin. No exposure to 
radiation by workers at Fermilab and SLAC has ever been above the DOE 
limit of 5 rem/yr, except for a single incidence at Fermilab where a 
worker received 5.01 rem in a single year. The goal normally achieved 
at Fermilab and SLAC is less than 1 rem/yr individual occupational 
exposures. The SSC would administrate similar goals. The primary risk 
of exposure to workers would occur as a result of maintenance activities 
in certain areas of the collide.r where small amounts of residual radia
tion would be present (typically at a level of some tens of mrem/h at a 
distance of l ft from the emitter). 
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The occupational radiation exposure records at Fermilab show that for 
the first two years of operations, total exposure to workers reached a 
peak of nearly 500 person-rem/yr for the third year of operations (when 
considerable difficulty with magnets was experienced) with a gradual 
falling-off to a level of 30 to 50 person-rem/yr over the past four 
years (after the superconducting magnets came into operation). Fifty 
percent or more of this is directly due.to the fixed-target program. On 
the basis of Fermilab operating experience, due to and the fact that the 
SSC would accelerate a much smaller number of protons per year than 
fermilab, and because the SSC would not have an equivalent fixed-target 
program, the COG estimates that for the first few years of operations, 
average worker exposure would be 40 person-rem/yr, falling to an average 
of 20 person-rem/yr after that time. (If Illinois were the selected 
site for the SSC, the Fermilab machine would be used as the injector for 
the SSC. The fixed-target program would be reduced, and the number of 
particles accelerated per year would be reduced to SSC specifications.) 
The SSC would be designed and operated with the goal that all exposures 
would be as-low-as-reasonably-achievable (ALARA), applying DOE Order 
5480.lB, Environmental Protection, Safety, and Health Protection Program 
for DOE Operations. 

B. Hazardous/Toxic Materials 

Exposure to hazardous/toxic materials (HTM's) is possible during con
struction and operations of the SSC, and to a lesser extent during 
decommissioning. The impacts on the health of the workers involved in 
these tasks are projected to be very similar to those at fermilab. 
Safety and handling programs similar to those at Fermilab would be 
established. As discussed in Appendix 12, essentially all of the 
anticipated occupational health hazards are site-independent and can be 
attributed to the SSC facility and its operations. Only two site
dependent hazards, the possibility of contracting Valley Fever at the 
Arizona site and the threat of fire ant stings at the Texas site, were 
identified. 

During SSC construction, workers are expected to encounter a variety of 
health hazards that would be common to any construction project, such as 
welding fumes, solvent vapors, noise, and dust. Hazard severity would 
be a product of the concentration of the hazardous/toxic material (or 
intensity in the case of noise) in the work area and the duration of 
work in those conditions. Construction activities involving HTM's are 
likely to have a low impact on worker health for two reasons: 1) the 
breathing zone concentrations of the airborne hazards are expected to be 
low unless the work is being performed in a confined space, in which 
case, protective or supplied breathing apparatus would be required; 
2) since the hazards that might arise during construction are normal for 
the construction industry, they can be anticipated and would be 
addressed in the construction contractor's health and safety program. 

Mitigative measures would include work procedures to reduce the amount 
of hazardous emissions generated, safety procedures to promote safe han
dling of HTM's, and the use of personnel protective equipment. Access 
control measures during tunneling operations would also be used. 
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The potential for contracting Valley Fever at the Arizona site is a 
special case requiring special control measures. The hazard is expected 
to exist when sections cf undisturbed soil containing the pathogenic 
fungal spores would be disturbed during construction activities and the 
spores would become airborne. Soil samples would need to be taken in 
areas of major soil -disturbing activity to determine 1 ocat ions of espe
cially high spore density and the actual potential for release of the 
spores. The impact on workers in these areas would depend on individual 
susceptibility (as well as possible immunity gained from prev·ious infec
tion), the concentration of airborne spores, and the duration of expo
sure. In addition, workers outside (downwind) the immediate area of 
concern could be affected as well sir.cc the spores are readily trans
ported by wind. It is difficult, therefore, to estimate the degree of 
impact on SSC workers. 

Mitigative measures to minimize the impact of Valley Fever spores that 
would be considered and evaluated if the Arizona sit•! were selected 
include: 

o Minimizing the scope of soil disruption during facility and 
road. construction .. 

o Confining soil-disturbing activit·ies to periods of low wind 
velocity. 

o Using dust suppressants to reduce dust. 

o Requiring the contractor to implement w~rk methods that mini
mize the generation of dust. 

o Using respirators to protect workers against inhalation of the 
spores (work procedures would balance protection from spore 
inhalation with potential risk of heat s~ress). 

The presence of imported fire ants at the Texas site is a potential 
hazard to construction workers, as well as SSC operat·ing personnel dur
ing the life of the facility. The severity of the hazard will depend on 
the density of the fire ant population ir. those areas of the proposed 
SSC footprint that will be disturbed by construction and operation 
activities, and on the effectiveness of any control measures used to 
combat the fire ant problem. If the SSC is sited in Texas, a survey 
would be conducted prior to the start of construction to determine the 
location and extent of fire ant infestation. Potential control methods 
could then be evaluated. The impact on workers would depend on the 
effectiveness of control measures, the implementation of work procedures 
to avoid contact with the fire ants and the individual worker 
sensitivity to the fire ant venom. 

• 
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Pott:r.tia1 mitigative measures to minimize the impact of fire ants could 
include: 

o Worker training to recognize and avoid fire ant habitats 

o Insecticid~s and fumi9ants 

o Broadcast ·treatments (baits with toxicants) 

It is recognized that eradication of fire ants is not feasible with 
presently available techniques. At best, their impact can only be 
reduced to a manageable level. Any use of insecticides or fumigants 
would be in accordance with Federal ~nd State regulations for their 
application and would designed to minimize impacts on the local 
environment. 

C. Safety 

As with the hazards from HTH's discussed above, personnel involved in 
construction of the proposed SSC would be likely to face a variety of 
safety hazards. The safety hazards encountered would resemble those 
found on most tunneling and construction projects. These hazards include 
injury from machine tools, electric shock, fire, and tripping/falling. 
SLAC has had two tunneling and construction projects in the past 10 years 
and, although the scale was much smaller (4 mi of tunnel rather than 53 
mi), there were no major injuries or fatalities during construction. 
Management and safety requirements for contractors similar to those used 
successfully by SLAC would be used for the SSC. 

Mitigative measures for safety hazards would focus on training and stan
dard construction safety practices. 

5.1.6.2 Public Health Impacts 

A. Radiological 

Radiological impacts associated with the SSC have been analyzed exten
sively in Appendices 10 and 12 and can be predicted with reasonable 
confidence. The overall radiation exposure to residents in the area of 
the ssi: is expected to be very low. The dose equivalent (a measure used 
for radiation protection) to the maximally exposed individual from SSC 
operations varies from 0.002 to 0.013 mrem at the proposed sites. This 
is less than l/lOOOth of the dose equivalent from natural background 
radiation to which all individuals are subject. Therefore, there is no 
reason to believe that persons residing in the area of the SSC will take 
on any risk associated with radiation that is measurably different than 
that experienced by other persons in the proposed state. 

l. Direct Radiation 

In one sense, the proposed SSC would be similar to a television set 
which, when turned on, generates a beam of particles; when the tele-
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v1s1on set is turned off, the beam stops. In a television set, the beam 
consists of electrons from a heated electrode; in the SSC, the beam con
sists of protons from hydrogen gas. Direct radiation would occur when 
the SSC is turned on and the proton beams collide with matter. When the 
SSC is turned off, the proton beams and the accompanying direct radia
tion would cease. A remaining source of radiation would be material 
within the machine that has been made radioactive by being struck by the 
beam itself or by the secondary particles produced in collisions. The 
majority of this small amount of radioactive material would be contained 
in the heavily shielded beam absorbers. The only secondary particles 
not absorbed by the beam absorbers and earth shielding are muons. These 
are weakly interacting particles which, at very high energies, can 
travel several miles, even through dense material (see Appendix 10). 
This fact has been taken into account in the design of the SSC. How
ever, there are certain very limited underground areas which may require 
some restrictions outside of the 1,000-ft controlled area as discussed 
in the following paragraphs. 

Table 5.1.6-1 shows the calculated maximum annual radiation exposure to 
an individual under the worst conceivable conditions under normal opera
tions. The numbers that stand out in Table 5.1.6-1 are those for "Muons 
at depth of beam plane," particularly those for the interaction regions 
(IR's) and beam absorbers. The differences at the various sites are the 
result of the differences in soil density at tunnel depth at those 
sites. The cited annual exposure rates would be those received by an 
individual who remained fulltime during every operating minute of the 
SSC for a full year at a fixed position. The fixed position would be 
just outside the controlled area aligned within a few feet both hori-· 
zontally and vertically from where the muon beam emerged and at the 
depth of the tunnel. The depth of tunnel below the surface at the 

·surface facilities, exit shafts, and IRs for site alternati~es is: 

Arizona 
Colorado 
Illinois 
Micldgan 
North Carolina 
Tennessee 
Texas 

45-800 ft 
75-205 ft 

335-610 ft 
85-220 ft 
95-270 ft 

285-670 ft 
85-245 ft 

This means that to receive the calculated dose, the individual would 
have to be underground at that depth. A check has been made of the 
general topography in the areas where !R's and beam absorbers would be 
at the proposed site.s to see if there might be topographical depressions 
that would bring the surface below tunnel depth. This could not be a 
quantitative ~heck, since detailed design of the proposed SSC does not 
yet exist. In general, there appears to be no area at any of the pro
posed sites wh€re it would be possible to reach tunnel depth without 
digging or excavating to that depth. When the specific site is chosen 
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and when detailed design has been completed, the DOE and/or the State 
could make arrangements with· local property owners to restrict deep 
excavations in the narrow regions where muons might penetrate. 

Table 5.1.6-2 presents the results of similar calculations for the 
public as a whole. The calculations are based on the total population 
in the area. 

a. Air Activation Products 

During operations, secondary particles produced by proton interactions 
would activate some air molecules, i.e., make them radioactive. The 
majority of the air activation products have very short half-lives (see 
Appendix 10). The projected dose equivalent to the general public from 
venting the tunnel at the ten service facilities and the four interaction 
regions is presented in Table 5.6.1-2. Engineering controls such as 
filters were not cons·idered in the dose equivalent calculations. The 
dose eq1iivalent to the total public from air activation products at the 
highest dose site (Illinois) is 0.11 person-rem/yr. This number is the 
product of the average individual dose times the number of people in the 
area, and should be compared to the total public annual radiation dose 
to that sa.me population from background radiation of 360,000 person
rem/yr. In terms of maximum individual dose rate (see Appendix 12, 
Table 12 .. 3.1-2), this ls about 0.016 percent of the 40 CFR Part 61 
Subpart M limit for whole body dose (25 mrem/yr}. 

b. Radon and Its Progenv 

Radon (Rn-222) is a relatively short-lived (3.8 days half-life) noble 
gas decay product of radium (Ra-226). The noble gas properties of radon 
provide it with transport capabilities which allow it to move into struc
tures, such as the tunnel and interaction halls. The concentration emana
ting into the structures is dependent upon the P.a-226 concentration and 
the transport characteristics of the rock. The buildup of Rn-222 and 
its progeny in the structures depends on the ventilation rate. 

The tunnel is unoccupied during beam operation and not under continuous 
ventilation; thus, radon would build up in the tunnel and would need to 
be vented prior to entry of personnel. The expected dose to individuals 
and the dose equivalents to the general public for radon and radon 
progeny from the SSC tunnel ventilation are presented in Tables 5.1.6-1 
and 5.1.6-2. 

It should be emphasized that radon would not be produced by beam opera
tions, but is a natural product for which the underground structures 
serve as a collector and source. This is true for all underground 
structures in the area of the proposed sites and is not unique to the 
SSC. There is some inherent mitigation to radon infiltration provided 
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ESTIMATED POPULATION DOSE (EQUIVALENT RATE) 
DURING CONSTRUCTION AND OPERATIONS OF THE SSC AT SITE ALTERNATIVES* 
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by tunnel engineering requirements. In areas where the tunnel is in 
solid, nonporous rock, infiltration of radon gas would be reduced. In 
areas where the tunnel would be in porous or amorphous material, where 
radon infiltration could be a problem, the tunnel may be lined with 
concrete for structural support. For this assessment, to maximize 
calculated potential impacts, the tunnel was assumed to be unlined and 
in amorphous material in all cases. This comment is only applicable to 
the operi!tions phase when the tunnel is complete. Projected radon doses 
to the public during construction are also shown in Table 5.1.6-2. 

c. N~utron Skyshir.e 

l·leutron skyshine is .the rescattering of neutrons by air nuclei above a 
source back down to the surface of the earth. Since neutrons would be 
produced copiously in SSC interaction halls, calculations were carried 
out to determine the significance of the effect. Because the interac
tion areas would be either deeply underground or well-shielded overhead 
by both massive detectors and concrete shielding, the contribution of 
neutron skyshine to the environment at tvery site would be less than 
0.001 mrem/yr (see Appendix 10 and Appendix 12). 

3. Aquatic Pathways 

When the SSC beam strikes any material and when the beams collide with 
each other, many secondary particles are produced that are energetic 
enough to produce additional particles; when these additional particles 
strike matter, they produce a new generation of particles.and continue 
to r.eproduce until the total energy is dissipated. In the case of 
hadrons at SSC energies, this cascade of particles would take place in a 
relatively small region of space and would be completely dissipated · 
within about 35 ft of material (soil) from the source. However, the 
interaction of the cascade with soil would cause activation of consti
tuents in the soil. This has been studied extensively by Barak (1972) 
and others. There are two leachable isotopes that are formed in suffi
cient quantities whose longer half-lives allow significant migration: 
tritium (H-3) and sodium (Na-22) (see Appendix 10). 

The EPA standard for pub 1 i c drinking water is based on an annual dose 
equivalent of no more than 4 mrem from man-made radionuclides in public 
drinking water. · 

The current EPA standard for tritfom in public drinking water is 
20 pCi/ml based on a yearly dose equivalent of 4 mrem. (EPA has 
proposed to raise this to 90 pCi/ml based on currently accepted methods 
of calculating dose, but comparisons to EPA standards in this document 
are made using the 20 pCi/ml limit.) The standard for Na-22 is 0.5 
pCi/ml. If two or more radionuclides are present, the sum of their 
annual dose equivalents should not exceed 4 mrem. During normal opera
tions, the largest possible source of cascade interaction with the soil 
would be in the two primary beam absorbers. The function of the beam 
absorbers is to accept and absorb the spent beams at the end of each 
accelerator cycle (about once per day) and to accept and absorb the full 
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ream in the case of beam aborts. Ao. desi911;,!l, the beam absorbers would 
be extremely efficient in this function. It has been calculated that 
over the lifetime of the proposed SSC, the total K··3 and Na-22 buildup 
in the soil down:;tream of the beam ab~orbers wou1d be approximately 0.24 
pCi and 0.182 pCi, respectively (Toohig 1983). 

4. Transportation 

In operations and maintenance of the SSC, low-level radioactive waste 
(LLRW) would be produced. The LLRW annual output is estimated to be 
8,000 ftl (220 m3 ) containing 10 Ci. For purposes cf this assessment, 
it is assumed that the LlRW would be transported to the DOE facility at 
Richland, Washington, with an average of ten drum shipments arid two ship
ments of low specific activity (LSA) boxes per year (see Appendix IO). 
The primary radionuclides are Mn-54 and Na-22. For impact assessment, 
the entire waste is considered to be Na-22 since it poses a higher human 
hazard potential. 

The projected annual dose equivalent to the drivers and total annual 
collective population dose equivalent are presented in Table 5.1.6-3. 

Table 5.1.6-3 

ANNUAL DOSE EQUIVALENT FOR THE SSC 
TRANSPORTATION OF LLRW 

AZ co IL HI 

Total anual dose to collective 
population along route 0.18 0.13 0.21 0.24 
(person-rem/yr) 

Total annual dose for each drtver* 499 338 560 640 

(mrem/yr) 

*Assi..mes two drivers. the S.Jrre two drivers would make 12 trips/yr 

NC TN TX 

0.31 0.25 0.22 

835 665 575 
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B. Hazardous/Toxic Mate~ials 

There are no anticipated public health impacts from the HTH's that are 
expected to be used in the construction and operation of the proposed 
SSC. 

At the Arizona site, however, a potential hazard to the public would 
exist fromcthe Valley Fever spores discussed above as an occupational 
concern. If the spores were dispersed as a result of SSC construction 
activities, they could be carried by winds to the adjacent community and 
could pose a threat of disease to susceptible residents and passersby. 
The impact is difficult to assess for the reasons previously presented, 
but it includes a small risk of serious illness. 

Mitigative measures would be the same whether the risk is to workers or 
the public and would serve both groups. 

5.1.6.3 Accident Impact~ and Risks 

A. Fadiological 

Radioloyical impacts from the worst-case accident (loss of beam) have 
been evaluated. Even at three times the design intensity, the dose 
equivalent to the maximally exposed individual is below the annual 
exposure from natural bac.kground radiation. 

1. Loss of Fl!llJ!ei!m 

The accidental less of the full beam at the SSC would cause major damage 
to the machine and a considerable disruption to the experimental program, 
as well as create undesirable radiation. For these reasons, the SSC 
would be designed with sufficient redundancy to protect against acci
dental beam loss under every conceivable scenario of multiple and simul
taneous equipment failure. The superconducting magnet accelerator at 
Fermilab has similar redundancy and has not experienced an accidental 
beam loss in its operating history. Even though such an event is viewed 
as extremely unlikely, the impact.s of a full beam loss have been 
assessed and the results discussed below. 

a. External Radiation 

The general public would be protected from external radiation associated 
with a full beam loss by the shielding provided by the earth cover. 
External radiation exposure could occur in two areas, directly above and 
adjacent to the loss point and on an axis tangent to the beam loss 
point., 

The dose equivalent contribution from hadrons directly above the loss 
point would be highly dependent upon the intervening shielding depth. 
The dose decreases by approximately a factor of 10 for every yard of 
soil/rock. At the average tunnel depth at all of the sites, a loss of 
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beam would produce no measurable dose from hadrons at the surface. An 
assessment was made (see Appendix 10, Table 10.1.3-4) to determine the 
maximum hadron dose which would occur at the shallowest depth for the 
proposed tunnel. Because the hadrons are absorbed in a short distance, 
the area of potential exposure is less than 30 ft in diameter. The 
probability that a beam loss would occur in a specific spot (the shal
lowest point) of the SSC ring is less than 1 in 100,000. The proba
bility that an individual would be at that spot at that instant (lasting 
at most, one beam revolution time, or l/3500th of a second) is vanish
ingly small. At the seven proposed sites, the combination of minimum 
depth and lowest soil density would occur at one point on the proposed 
Texas site. If a full beam loss were to occur at this particular point 
on the proposed Texas site, and an individual were at that point at that 
instant, that individual would receive a dose of 2 mrem. 

The muon "beam" which would result from a beam loss would travel at a 
tangent to the ring from the point of loss and would not have an effect 
above the tunnel as was the case with hadrons. This muon beam is highly 
directed (an approximate vertical spread of 1 ft in 10,000 ft). In 
order to receive a dose from this beam, an individual would have to be 
positioned in the plane of the beam which is at the depth of the ring at 
the loss point. Even then, the total, one-time dose from muons would be 
less than the annual dose equivalent from background radiation (see 
Appendix 10, Table 10.1.3-8) and would fall by a factor of about 2 every 
500 ft along the tangent line. 

On the tangent line closest to the loss point, it is not likely that an 
individual would be at that precise location (within a few feet in the 
horizontal direction and below ground at tunnel depth) at the precise 
instant the beam would accidentally be lost. 

b. Afr Pathway 

The only air available for the beam to activate in an accidental beam 
loss would be the air in the tunnel. The path length in air within the 
tunnel would not be extensive; any air activation products formed would 
be of short half-life, and retention in the unvented tunnel for some 30 
minutes would reduce their.radioactivity to releasable levels. Not until 
the radioactivity in the air reached a safe level for public release, 
would the vent fans be started. 

c. Groundwater Pathwav and Soi'l Activation 

The loss of the full beam would result in the production of some radio
activity in the soil immediately adjacent to the loss point by neutrons 
produced from the cascade of particles formed when the protons interact 
with matter. 
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Studies have been carried out at Fermilab on the activation of soil and 
the subsequent leaching of radionuclides from that soil. For this 
assessment, it was assumed that the two radionuclides of interest, H-3 
and Na-22 (other radionuc1ides formed have very short half-lives or do 
not 1 each appreciably from the soil), ~1ere produced in beam loss and 
migrate without diffusion directly to a water we~l positioned at 50 m 
from the tunnel (SSC-SR-1026 1987). Such a well would be within the 
controiled zone for the SSC from which wells are excluded by design. 
Nevertheless, even if all of the H-3 and Na-22 produced in the soil by a 
full beam-loss accident reached one particular well 50 m from the tun
nel, the concentration of radioactivity in that well for each of the 
site alternatives would be (from Appendix 12): 

0 For Na-22, in pCi/ml (EPA standard is 0.5 pCi/ml) 

Colorado 0.042 
Illinois 0.0051 
Michigan 0.0013 
North Carolina 0.060 
Tennessee 0.0012 

0 For H-3, in pCi/ml {EPA standard is 20 pCi/ml) 

Colorado 0.24 
111 inois 0.076 
Michigan 0.027 
North Carolina 0.35 
Tennessee 0.043 

It should be noted that, although the accidental beam loss is assumed to 
occur only once, the above calculation takes into account the fact that 
the Na-22 and H-3 would be leached out of the soil over a period of many 
years. The numbers appearing above are the maxima (see Appendix 12). 
These maxima would appear in Colorado and North Carolina approximately 2 
years after the accident; in Illinois, 5 to 8 years; in Michigan, 6 to 
12 years; and in Tennessee, 8 to 18 years. 

Arizona and Texas_ are r.ot included in the calculations because there is 
essentially no groundwater flow at tunnel level at those sites. How
ever, in these two cases, and in the cases where hydrogeologic condi
tions at various points around the tunnel at the other possible sites 
are such that there is no groundwater flow, it is possible to calculate 
the level of radioactivity in the soil as a result of a full beam loss. 
The total amount of radioactivity produced in the soil near the tunnel 
by an accidental beam loss would be (from Appendix 11): 

H-3 9.1 x 109 pCi 
Na-22 2.4 x 109 pCi 

TOTAL 1.15 x 10IO pCi 
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In Appendix IO, radioactivity is assumed to be in a block of soil of 
dimensions 4m x 3m x 20m. 

If it is further assumed that the radioactivity does not move at all, 
that it ·is uniformly distributed thrc;ughout the soil blcick, and that the 
soil density is 2.24 g/cm3 , this amount of radioactivity would contami·· 
n3te such an (underground) block of soil to an average level of 21 pCi/l.J. 
This is to be compared with the naturally occurring radioactivity in 
rocks wh1cll nnges from apprrxim<,te:ly 30 to 40 pCi/g (NCRP 45). Most of 
the radic~ctivity ·induced fn1m the beam loss (80 percent, or about 
17 pCi/g) is due to tritium which has a half-life of 12.3 yr. (The 
half-life of Na-22 is 2.6 yr.) 111 12.3 years the amount of radioacti
vity fror11 tritium would be 8.5 pCi/g; the amount from Na-22 would al
re<idy l;e insignificant. In 25 years, the amount of radioactivity from 
tritium would be 4.25 pCi/g. The rcdioactivity would be concentrated 
closer to the tunnel and wo,:1d diminish by about a factor of 10 for each 
meter past the tunnel wall. The differences betw~en the soil calculation 
and the groundwater to a well calculation are: in the soil case, the 
radioact~vity is assumed to stay in the same place; and in the well 
case, the radioactivity moves ta the well over a period of time; In the 
well case the radioactivity is di1c1ted .by the water in the aq~ifor 
(sr:e AppEndix 12). 

2. Los5 of Coolant in a Be~.m Ab~vber 

Over the majority of the accelerator complex, cooling water will be 
circulated well away from areas ~1hsre beams would normally interact. 
The only notable exception will be the beam absorbers. lhe beam · 
ab~orbers would have a graphite core surrounded by aluminum. 1he 
aluminum would be surrounded by steel and the steel by concrete (see 
Appendix 10). The aluminum cylinder would be cooled by a closed loop 
water system containing 1,600 liters of water. This water would become 
slightly radioactive because of the interactions of the cascade 1~ith the 
water in the coils. The only long-lived radionu~lide produced is · 
tritium. The activity of accumulated tritium over the assumed SSC 
operating lifetime of 25 years, assuming 2 x 1011 protons per year, ·is 
0.14 Ci. 

The tritium inventory in the coolant could be reduced or maintained at 
some administrative limit by periodically draining the system as is the 
practice at Fermilab. 

The beam absorber would contain a liner system that would be monitored 
for any leaks that might develop. The liner system would contain a sump 
and secondary drainage system to collect and retrieve any water from 
leaks. In the unlikely event that a leak should develop In the system, 
it could be drained. If all systems failed, the amount of water that 
could escape the system would be dependent upon the gradient establish~d 
by the position of the leak and the pressure within the system. In this 
case, the maximum loss of water is estimated to be 2 percent. The 
consequences of a loss of 2 percent would be similar to the release of 
tritium into the soil from a full beam loss. 
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The beam absorber is being designed so that loss of coolant would not 
impair its integrity, i.e., the graphite itself would not be directly 
cooled. Thus, the heat generated by a single beam dump into the 
absorber with no coolant would not damage the beam absorber. 

3. Transportation of Low Level Radioactive WastLlLLRW) 

Based on Fermilab experience, it is estimated that the SSC would generate 
12 shipments per year of LLRW, and that these would be transported by 
truck from the SSC site to DOE's LLRW disposal site at Richland, Washing
ton. Each shipment would be 600 to 1,000 ft 3 (total of 8,000 ft 3/yr) of 
solid material in containers, and would contain 0.75 to 1.26 Ci (total 
of 10 Ci/yr) of radioactive material. These assumptions were used as 
input to the computer code RADTRAN III. 

The analysis resulted in the following (see App~ndices 10 and 12 for 
detailed analysis): 

o Total expected values of exposure dose to the population 
as a whole in an accident analysis would be less than one 
thousandth of a person-rem per year. 

o Total latent cancer fatalities would be I in 100 million. 

o Total genetic effect would be l in 10 million. 

Transportation hazards of SSC LLRW could be easily mitigated by: 

o Minimization of distance traveled. 
o Minimization of generated wastes. 
o Solidification of waste. 

B. Hazardous/Toxic Materials 

An accident with considerable potential for worker injury would be a 
major loss of cryogens in the tunnel.' The liquid helium within the 
superconducting magnets is at a temperature near 4K (near absolute 
zero), and any exposure of any part of the body to such a temperature 
would cause severe tissue damage. On the basis of preliminary design 
and experience at Fermilab and other facilities using large amounts of 
cryogens (e.g., NASA), the DOE consideres the impacts of a large-scale 
cryogen loss on human health and safety would be small because workers 
encountering such a release would be able to evade the "plume" of escap
ing material rather easily by either walking or riding the transporter 
ahead of it. In addition, studies have shown that the cryogenic vapors 
would tend to stratify near the ceiling (helium) or the floor {nitrogen) 
in the tunnel environment, thus allowing for the remaining air space to 
provide sufficient oxygen for workers to breathe as they escape the 
area. Perso.nnel would not normally be in the tunnel when cryogens are 
present (SSC Central Design Croup 1988). 
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Mitigative measures to prevent or minimize the release of cryogens 
include elements of the SSC design such as pressure sensors; pressure 
relief valves and vent systems; strategically located shutoff valves; 
and warning sensors for oxygen, helium, and nitrogen strategically posi
tioned throughout the tunnel. 

Release of cryogens at the service areas presents no problem to the 
public. The cryogens (helium and nitrogen) are nontoxic and would 
readily dissipate into the atmosphere. 

C. Safety 

The most serious accident that could occur in the category of safety 
hazards is a fire in the tunnel. The SSC technical components that 
would be in the tunnel are designed to be non-flammable or fire
resistant. Very little in the way of combustible materials would be 
present in the tunnel during normal operations, thus effectively elim
inating the risk of fire in the tunnel during operations. If somehow a 
fire did develop, even a rapidly-spreading fire, the beam could be 
extracted (in l/3000th of a second) and radiological effects of the beam 
would not contribute to the problem. The residual radioactivity in the 
tunnel wou"ld be essentially all in metallic, nonflammable material. 

However, there is a risk that a f"ire could occJr during the construction 
and installation of the project. The impacts of a tunnel fire could be 
most serious in the time period before the full installation of the ven
tilation system and the warning sensors/alarm $ystem. Additional mate
rials would be in the tunnel at that time and a number of tasks would be 
taking place (such as welding) that could increase the possibility of a 
fire. (There would be no cryogens ii1 the tunne.1 at this time.) Person
nel training and implementation of fire protection procedures would be 
the primary means of fire prevention and control, with special emphasis 
on these during construction and installation. 

The most common safety hazards associated with any large construction 
project are traffic accidents. Truck traffic expected for delivery of 
construction materials and hauling spoils to disposal sites has been 
estimated for all sites (see Table 5.1.6-4). Th~ fewest truck mi/yr 
were about 2 million for the Tennessee site. The greatest, 19.5 mil
lion, was estimated for the Arizona site. 

Using state accident rates (average for all types of vehicles), the 
increases in injury accidents/injuries and fatal accidents/fatalities 
due to truck traffic were estimated. The estimated number of injury 
accidents/injuries per year ranges from 2 to 40; the number of fatal 
accidents/fatalities is estimated to be much less than one per year. 
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Table 5.1.6-4 

METHODOLOGY USED TO CALCULATE ESTIMATED INJURIES AND DEATHS 
DUE TO TRUCK TRAFFIC FROM SSC CONSTRUCTION AND SPOILS DISPOSAL 

Calculation Parameters AZ co IL HJ NC TN TX 

No. of truck trips/day! 
Construction materials 93 86 64 95 103 81 N 
Spoils dlsposa 1 480 480 480 480 480 480 480 

Truck tr1p d1stance2 
Construction materials 40 75 40 70 25 40 45 
Spoils disposa 1 70 25 10 15 5 1 25 

Tota 1 truck m1/d3 
Construction materials 7,440 12,900 5,120 13,300 5,150 6,480 6,660 
Spoils disposa 1 67,200 24,000 9,600 14,400 4,800 960 24,000 
Corbined tota 1 74,640 36,900 14, 720 27.700 9,950 7,440 30,660 

Total truck ml/yr4 
(millions) 19.406 9.594 3.827 7 .202 2.587 1.934 7.972 

Statewide accident rate5 
(per 100 million ml) 
Injuries 205 248 229 214 
Injury accidents6 107 118 103 
Fata Htles 3.2 2.2 2.4 3.1 3.0 2.4 
Fatal accldents7 2.2 2.8 2.1 

Projected max. annual rates due 
to SSC truck traff lc 
Injuries/yr 40 9.5 16 5.5 
Injury accidents/yr 10 2.3 8.2 
Fata Htles/yr 0.62 0.08 0. lt 0.08 
Fatal accidents/yr 0.21 0.05 0.17 

I. Trips for construct ion materials are b.ased on maxhun estimate. Trips for spoils disposal 
are based on worst case of 10 tunnel boring machines running simultaneously. 

2. Assumed construction materials would cane fran closest large metropolitan area. Spoils disposal 
distance was based on most likely (worst case) choice of the options presented by each state. 
The actual di3tances traveled may be lower. 

3. Based on roundtrtp mileage. 
4. Based on maxim1J11 n1J11ber of trucks for 260 days. 
5. Includes all types of vehicles and is a statewide average value. Comnercial vehicle rate would be 

lower and rates for the spec1f1c SSC area would be ~ifferent from the state average. These data 
are not readily available. Also. some statistics are given as injuries per 100 million VMT and 
others as injury accidents per 100 ,million VMT. No consistent data fran state to state. 

6. Multiple injuries may result fran an injury accident. 
7. Multiple fatalities may result from a fatal accident. 

• 
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5.1.7 Land Resources 

Section 5.1.7.1 is a site-specific land use impact assessment conducted 
at both the regional and facility level. Impacts in the latter case 
are addressed first, followed by evaluations of the implications at the 
regional level. The focus of the assessment is to determine how SSC 
project development would alter land uses in the affected areas. In 
order to do this, the affected environment is described first, followed 
by a a definition of SSC project facilities by characteristic land 
use/zoning designations (see Chapter 4). Comparisons are made between 
existing and proposed land use followed by the assessments themselves. 
For this assessment, "facility" means the land required by the DOE plus 
a 1,000-ft band on either side of the site boundaries. "Regional" means 
the counties where the property is 1 ocated. 

land use changes caused by SSC project development, including the relo
cation of affected property owners, would create a number of indirect or 
secondary impacts such as increased demand on housing supplies; tax base 
changes; changes in transportation, traffic, and circulation; changes in 
background noise levels; changes in scenic/visual character; and 
increased development pressure. Each of these concerns are addressed in 
the following other resource-specific sections of this chapter: Noise 
(Section 5.1.4), Socioeconomics and Infrastructure (Section 5.1.8), and 
Scenic and Visual Resources (Section 5.1.10). 

Section 5.1.7.2 addresses impacts resulting from the total and permanent 
removal of prime, unique, and important farmlands due to construction of 
SSC units. i.e., lands that are physically covered by buildings, roads, 
and spoils sites. 

5.1.7.1 land Use 

A. Comoarisons Between Existing and Proposed Land Use Changes 

Standardized land use/zoning designations are used for determining the 
land use changes associated with project development and the degree of 
difference expected. The results are presented in Table 5.1.7-1. A 
"major" degree of difference is,ascribed to those cases where there is 
likely to be a wholesale change in land use/zoning character, such as a 
change from "rural" or •agricultural" to a "medium industrial" use. A 
"minor".degree of difference is ascribed to those cases where there is 
Hkely to be a perceptible shift in land use/zoning character, but less 
so than with the other case. 

Upon review of the data presented in the table, it appears that despite 
obvious variations in regional settings, there is a high degree of con
gruence among the seven sites in terms of types of land use changes 
anticipated by SSC project development. As a result, the following 
generalizations can be made: 
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Table 5.1.7-1 

- DIFFERENCES EXHIBITED BETWEEN EXISTING AND PROPOSED LAND USE/ZONING DESIGNATIONS .... FOR SITE-SPECIFIC PROJECT FACILITIES REQUIRING BUILDING CONSTRUCTION ::r:: .,, 
"' < ... ... Associated CURRENT USE/ZONINS -~ SSC Project Facility Zoning Designation Arizona Colorado llllnols Michigan North taro Hna Tennessee Texa1 
N 

"' Campus Area A Medlllft lndustrla 1 Rural Agric lnstlt/Resrch Agrlc Rural Rura.1/Res id Agrlc/Rura 1 

Injector Area B Medl111 lndustrla 1 Rural Agrlc lnstlt/Resrch Agrlc Rural/Mtl Rural/Resld Agrlc/Resid 
Major 

Intermediate Access 
-Areas E .., 

:s 
El · light lndustria 1 Rural Agr1c Mixed Agric Rural Rura 1/Resld Wooded < -· E2 Light Industrial Rural Agric Fa mt Mob. Hane Dist. Agrlc Rural/Resid Pasture .., 
E3 Light Industrial Rural Agrlc Mixed Agric For Agrlc Agrlc 0 

:s 
E4 L lght I ndustr ia 1 Rural Agrlc Mixed Agrlc Res Id For Agrlc ii ES Light. Industrial Rural Agrlc Fann Agric For For Range :s 
E6 Light Industrial Rural Agric Fann/Mixed Agric For Agrlc Past/Vetl .... ... E7 Light Industrial Rural Agrlc Fann/Mixed Agric Rural/For Rural Agric .... 
E8 light lndustrla l Rural Agrlc Nixed Agric Rural/For Rural Range/Wet 1/ Agr .... 
E9 Light Industrial Rural Agrlc RH Id Agric Agric/For Rural/Resld Wetland 0 
EIO light lndustria 1 Rural Agric Nixed Agrlc Agrtc Rura 1/Resld Pasture :s 

"' ID 
Servtce Areas F J:l c 

ID 
Fl Medt1111 lndustrta 1 Rural Agrlc Mixed Agric Rural Rurel/Resid Pasture :s 

n 
F2 Medl111 lndustria 1 Rural Agrlc Res Id Agrlc Agr:tc Rural/Resld Past/Range ID 
F3 Medl111 Industrial Rural Agrlc Agrlc/Mlxed Agrlc Res id Agrlc Agrlc Distr "' .., F4 Medi,.. lndustr!a 1 Rural Agric Fonn/Mhced Agrlc Agric Agrlc Agrlc ... - FS Medi,.. lndustrla 1 Rural Agrlc Fann/Mixed Agrlc For Agric Range :s 

"' F6 Medl111 Industrial Rural Agrtc Fann/Mixed Agric For For Range/Vet I 
Q. 

< F7 Medlin lndustrla 1 Rural Agrlc Fann/Mixed Agric Agric/For Rural Agrlc 31: -0 FS Medion lndustria 1 Rural Agrlc Estate/Mixed Agrlc For/Agric Rural Agrlc ... .... 
c F9 Medi111 Industrial Rural Agrlc Manu/Mlxed Agrlc For/Agrlc Rura 1/Resid Agrlc -co ii F!O Medl111 Industrial Rural Agrlc Resrch/Mlxed Agrlc RUral Rura 1/Resld Agrlc ... .... - Jnteractton Points and -< .... Experlmenta 1 Areas K ID 
:::r :z ... ..., Kl l lght lndustrl• 1 Rural Agrlc l~st/Agrlc Agrlc Rural Rural Agrlc "' .... Kt light Industrial Rural Agric lnst/Agric Agrlc Rural Rural Past/Range ... 
ID "' .., K3 Light lndustria 1 Rural Agric Fam Agrlc For For/Agric Range c ., 
"' 

K4 L tght lndustrlo 1 Rural Agrlc Fann Agrlc Agr.ic . Agrlc Range "' KS Light lndustrla 1 Rural Agric F•m Agrlc Agrlc/For Rural/for Pasture "' K6 Light Industrial Rural Agric Fann A~rtc Agrlc/For Agrlc Pasture 

"' ' -"' ... 
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o Three types of SSC project facilities are expected to exhibit 
major degrees of difference in land use: campus area A. 
injector area B, and service areas F. 

o Two types of SSC project facilities are expected to exhibit 
minor degrees of difference in land use: intermedi.ate access 
areas E and interaction points and experimental areas K. 

The only except ions to these generalizations are the 111 i noi s a!'ld 
Michigan sites, which have portions of the SSC project sited in com
patibly zoned areas. In addition, the Michigan intermediate access area 
E-2 site is located in an area that is currently zoned as a mobile-home 
district. A$ such, the site is classified as having a "major" degree of 
difference. The proposer ha.~ indicated that it would relocate the 
existing mobile-home park, thereby causing the adjacent land use to 
revert to a more characteristic agricultural setting, and therefore be 
classified as a "minor" degree of difference .. 

B. Assessment gf Land Use Changes - Local Impact 

The land use/zoning designation changes identified are used to measure 
impact. For this assessment, all ·land use changes for primary project 
facilities are considered to be long-term, though not irreversible, 
since SSC project facilities can conceivably be removed with current 
land uses reinstated. The only discriminator ·then is magnitude or size 
of the impacts. The following generalizations can be made about the 
sites. Those facilities that produce large, measurable impacts are 
campus area A, where construction would involve approximat~ly 200 acres 
out of the 350-acre total surface area required; injector area B, where 
construction would involve approximately 280 acres out of the 1,700-acre 
total surface area required; and service areas F, where construction 
would involve approximately 2.5 acres at each of the ten sites, for a 
25-acre total surface area required. Experimental hall construction (K 
areas) would disturb 5-23 acres per hall. Those facilities producing 
small measurable impacts are intermediate access areas E, where con
struction would involve approximately 1 acre at each of the ten sites, 
for a 10-acre total surface area required. As stated before, the only 
exceptions are Illinois and Michigan, where present land uses in some 
areas are- compatible with proposed SSC land use. 

C. Evalyation of Development Implications - Regional Impact 

Site-specific evaluations of regional impacts compare hypothetical land 
use development with the SSC with probable development without the SSC. 
Near cluster quadrant development would likely spawn the greatest amount 
of associated land use changes due to the types of activities and employ
ment associated with campus area A, injector area 8, two interaction 
points and experimental areas K, four service areas F (including the one 
located in the injector area), and two intermediate access areas E. As 
a result, a host of needs would emerge, some of which would be supplied 
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by firms located in new development areas outside the entrance area and 
along the major access road leading to campus area A. The range of new 
development would likely include a mix of retail businesses, such as 
automobile service stations, restaurants, and personal services estab
lishments; hotels/motels; technfral support services, such as computer 
and other equipment servicing centers; and project-related research and 
technology (R&D) support and/or spin-off firms. 

Far cluster quadrant development would likely promote the second greatest 
amount of associated land use changes due to the types of activities and 
employment associated with four interaction points and experimental areas 
K; three service areas F; and two intermediate access areas E. As a 
resuH, daily needs of workers would emerge, some of which would be sup
plied by retail businesses located in either nearby communities or in 
newly developed areas located along the periphery of the far cluster 
area .. The range of new retail businesses would likely include auto
mobile service stations, fast-food eateries, and restatirants. 

Upper and lcwer arc quadrant development would likely promote low levels 
of associated land use changes due to the periodic spacing of three 
intermediate access areas E and three service areas F, per quadrant. As 
a result, little in the way of retail business development would emerge. 

The development scenario with the SSC appears to be an appropriate model 
for likely development in Michigan, North Carolina, Tennessee, and Texas. 
The development scenario does not seem to fit as well for Arizona, 
Colorado, and Illinois. The Arizona and Colorado sites are similar to 
each other in that both sites a.re located in rural areas where there is 
a lack of either current transportation access and/or a network of 
settlements to serve as nodes for cc.mmercial growth. The Illinois site 
differs from the development scenario because of its generally rural/ 
suburban location where there is a sufficient business and corr.mercial 
ba.se from which to support the needs of SSC workers. 

SSC project development in Arizona would, undoubtedly, create more 
demand for and pressure on existing BLM-managcd recreation and wilder
ness resources in the project area. SSC project development would cause 
a shift in classification of the area by BLM from a "semi-primitive, 
motorized" area to a "roaded, natural" area. This represents a one-step 
change toward "modern urban" forms of recreation opportunities in BLM' s 
1exicon. All three BLM ~ilderness Study Areas (WSA), i.e., north 
Maricopa Mountains (AZ-020-157), south Maricopa Mountains (AZ-020-163), 
and Butterfield Stage Memorial (AZ-020-164), would experience a long
term loss cf wilderness character as a result of SSC project develop
ment. This would occur both in the directly impacted areas and in the 
·1arger viewshed areas of each respective WSA, as visitors' perceptions 
of naturalness would be adversely affected. SSC project and associated 
development would cause a loss of naturalness and would likely lower or 
even el imina.te solitude and ~ensitive recreation opportunities. 
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SSC project development in Arizona will result in inconvenience to live
stock grazing operations permitted by the BLM. Ir.creased accessibility 
may result in vandalism to livestock management improvements, such as 
fencing and stock ponds. Grazing management units may need to be segre
gated as new roads are installed and facilities are fenced. As a result, 
grazing allotment permi tteP.s may need to increase the supervision of 
their operations. 

Projected land uses near the proposed SSC s·ites would be significantly 
different than if the SSC were not constructed at that site. The only 
exception appears to be Illinois. The greatest changes are expected 
close to the near and far cluster with minor or no changes in the 
vicinity of the upper and lower arcs. 

5.1.7.2 lm.11~cts of SSC on Far.!!!.]ands at the Propo~_gd Sites 

Tab"le 5.1.7-?. sh(lWS consirforable differences between the total of farm
land acreages (as defined in the Farmland Protection Policy Act) im·
pacted by the types of proposed actions. The Arizona site has no 
impacted acreage. The North Carolina and Tennessee sites have the 
highest estimate of impacted farmlands. These are determined by the 
construction of 25.3 mi of a four-lane highway in North Carolina and by 
the construction of spoils disposal sites in Ten!'lessee amount"ing to 
approximately 360 acres. Half of the impacted prime farmlands in 
Colorado are due to· the 58 mi two-lane highway connecting the site to 
Denver, and one-third of the impacted farmlands in Texas are due to 22 
mi of two- lane paved roads ant"icipated to be constructed all around the 
site. 

Among all categories the construction of new roads represents the high
est impact when all sites are considert!d together: an average of 38.5 
percent of impacted farmlands are due to road construction. Although 
the proportion of farmlands covered by spoil disposal sites is less than 
one-fifth of the impacted farmland acreage, this category dHferentiates 
sites considerably because of its large range; the Illinois site has no 
acreages of farmlands used for spoils disposal sites, while the 
Tennessee site covers more than 100 acres of farmland for spoils. 

The estimated total permanently removed prime and important farmland: 

Arizona 0 acres 
Colorado Blg acres 
Illinois 197 acres 
Michigan 341 acres 
North Carolina 955 acres 
Tennessee 606 acres 
Texas 588 acres 

None of these acreages is as much as one percent of the total prime 
farmlands inventory of the seven regions. 
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Table 5.1.7-2 

SUMMARY OF PERMANENTLY CONVERTED AND TEMPORARILY 
DISTURBED FARMLANDS IN THE,SSC REGION 

Permanently Converted Temporarily Disturbed 

Prime Important Prime Important 

0 0 0 0 

0 819 0 1,129 

185 12 217 14 

205 136 346 230 

630 325 459 237 

415 191 341 157 

430 158 297 109 
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5.1.8 Socioeconomics and Infrastructure 

5.1.8.1 Economic Activity, Labor Force, and Income 

The location of the proposed SSC sites and their associated Regions of 
Influence (ROI) for the socioeconomic analyses are shown in Figure 
5.1.8-1 through 5.1.8-7. The ROI includes all the counties $hown for 
each site in these figures. Two levels of impact are evaluated for each 
state: regional for the areas shown in the figures and local for the 
counties in which the SSC would actually be sited. . . 
It is not possible to predict with certainty the detailed regional labor 
market characteristics more than a decade into the future or the extent 
of local hiring and worker in-migration. A reference case was 
constructed for each region to provide an indication of the likely con
ditions, including the likely extent of worker in-migration due to the 
SSC. Depending on the worker category treated, this reference case 
considered the size of each region's labor force, recent unemployment 
rates, and adult education levels. The approach taken in each category 
is as follows: 

o Construction craft labor is assumed to in-migrate inversely to 
each region's unomployment rate, as shown by results of a 1979 
work force survey covering 51 large construction projects 
(U.S. Army Corps of Engineers lg81). 

o Direct clerical workers and all secondary workers are assumed 
to in-migrate as a function of the ratio of the region's un
employment rate to the rate for the nation. 

o Direct technical workers are assumed to in-migrate as an 
inverse function of the size of the. rl'gion's unemployed labor 
force, and inversely with the ratio defined by the percent of 
the region's adult population with 16 or more years of 
education compared to that percentage for the nation. 

o SSC managers, physicists, and other professionals (except for 
visiting scientists, all of whom would be in-migrants) are 
assumed to in-migrate as an inverse function of the adult 
education ratio used for technical workers, and also inversely 
with the region's labor force size. 

Direct relocations of residences a~d businesses because of land acqui
sition are an impact of the project (see Table 5.1.8-1). Relocations 
are subject to Federal relocation benefits described in the Uniform 
Relocation Assistance and Real Property Acquisition Policies Act of 1970 
(Public Law 91-646) and the DOE relocation rules "Uniform Relocation 
Assistance and Real Property Acquisition for Federal and Federally 
Assisted Programs-" (IO CFR 1039,.51 FR 7000). 

1CHP5Y336881 EIS Volume I Chapter 5 



1CHPSY336882 

Environmental Conseque~ces and Mitigative Measures 5-159 

Figure 5.1.8-1 
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Figure 5.1.8-2 
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Figure 5.1.8-3 
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Figure 5.1.8-4 
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Figure 5.1.8-5 
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Figure 5.1.8-6 
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Figure 5.1.8-7 
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Table 5.1.8-1 

SUllllARY OF SITE-SPECIFIC LAND ACQUISITION PLANS - PARCELS 

PROPOSED PARCEL ACQUISITION 
Total Ml.lnber of Pal"'Ce ls 

Affected 

Fee Stmple 
Strat. Fee 

Affected Parcels, 
by Ownership 

Federal 
State 
Local 
Private 

Tota 1 Nl.lllber of 
Ownerships 

Fee Simple 
Strat. Fee 

Totai Nllllber of 
Relocations 

~ Not furnlshed by the State proposal 

Ari?OM C.01orado 

224 157 

224 157 
0 0 

82 0 
5 ' 0 0 

137 153 

139 67 

139 67 
0 0 

6 23 

North 
Ill~nois Michigan Carolina 

3,305 801 826 

437 333 • 
2.868 468 • 

• • • 

2,750 687 780 

• 286 • 
• 401 • 

219 221 180 

Tennessee Texas 

898 614 

434 318 ..... 
464 296 "' < -· ... 
• • 0 

" B 

"' "' ... .. -
n 
0 

807 420 "' .. 
"' .0 
c: • 240 "' • 180 "' (') .. 

128 175 "' .. 
"' 0. 
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These laws cover the payment of fair market value for acquired property 
and specific rel cc at ion benefits such as payment towards moving and new 
residence purchase. 

The total number of affected landowners and tenants would create an 
incremental demand for housing and business property in the ROI's. The 
change in the quality of life is discussed in Section 5.1.8.5. 

Five types of impacts are presented below. These are: l} economic acti
vity, labor force, and income; 2) demographics and housing; 3) public 
services; 4) public finance; and 5} quality of life/social well-being. 
The discussion presented below is quantitative where possible, allowing 
comparison of impacts against baseline trends in the regions as well as 
comparison of impacts among sites. 

Two years are used for compari ~on and for illustrative purposes in this 
chapter, the peak year of construction, 1992; and the first year of full 
operations, 2000. The peak year of construction represents the maximum 
number of persons involved in construction for most trades. It therefore 
represents the peak effect in terms of impact on communities. The first 
year of full operations represents the approximate level of employment 
through the rest of the 1 i fe of the SSC. 

Direct econom1c impacts from SSC construct·ion and operat1cns would not 
vary substantially among the s-even regions. Indirect and induced impacts 
would exhibit a greater range, however, because of differing economic 
conditions in the various regions. There would be marked differences 
between regions in terms of total SSC-related impacts relative to base
line conditions. 

Total SSC-related employment impacts, including both direct and indirect, 
at the peak of construction activities range from about 9,400 jobs in 
the Tennessee region to about 10,500 jobs in the Illinois region {see 
Table 5.1.8-2}. Most of this variation is caused by differences in 
secondary ( i ndi re ct and induced} economic activity. Peak di re ct empfoy
ment impacts (in 1992) would be about 3,500 jobs in the Illinois region; 
about 3,800 to 3,900 jobs in Michigan, North Carolina, Tennessee, and 
Texas; and almost 4,000 jobs in Arizona and Colorado. 

Peak secondary employment ranges from 5,000 to 6,000 j'cbs. 111 inois 
would have a higher secondary employment impact than other sites because 
of higher numbers of transactions among industries and other higher 
indirect effects which are regional characteristics. 

When fully operational, the SSC would directly employ about 3,250 
persons, regardless of the region {see Table 5.1.8-2). Varying indirect 
effects, coupled with differing rates of output being produced on the 
average by workers in the various regions, result in total employment 
impacts during operations ranging from about 6,200 jobs in Arizona to 
more than 7 ,000 jobs in Illinois. 
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The SSC job imp.acts range from 0.2 to 1.5 perc:ent of total current jobs 
in the ROI (see Table 5.1.8-2). The highest job gains relative to 
regional baseline employment would occur if the SSC is located in 
Tennessee where SSC-related jobs during peak construction would be about 
1.3 percent o.f base.line jobs. The corresponding figure for the North. 
Carolina region is about 0.9 percent, with th·e relative increase less 
for all other regions. During full operations, SSC-related jobs would 
exceed baseline employment by less than 1 percent in all of the regions, 
ranging from a low of less than 0.2 perc.ent in Illinois to over 0.8 per
cent in Tennessee. 

Total SSC-related annual earnings (including direct, indirect, and 
induced eai:nings) range from about $260 million in the Tennessee region 
to about $335 million in Illinois (see Table 5.1.8-3). All monetary 
values cited in this section are in terms of 1988 dollars unless other
wise indicated. This wide range can be explained in part by differences 
in total employment,. and i.n part by differing earnings per worker levels. 
Varying makeup of the indirect and induced employment gains, whether in 
manufacturing or in services or in other economic sectors, also contri
bute to this variation. Total annual earnings. during full operations 
vary from about $160 million in the North Carolina region to almost 
$210 million in Illinois. 

Indirect and induced economic effects are triggered by direct SSC-
related regional spending, including the goods and services procured in 
the region for construction and operations of the SSC and consumer spend
ing in the region by workers directly employed by the SSC. These direct 
SSC sales demands range from about $216 mill ion in Tennessee to $265 
million in Colorado during the peak year of construction, and annually 
from about $144 million in North Carolina and Texas to nearly $160 million 
in Arizona during full operations. 

Low rates of transaetions among businesses and indirect effects in the 
Arizona region lead to the lowest levels of total SSC-related sales there, 
about $370 mill ion during the peak year of SSC construction and about 
$235 million annually during full operations. The greatest annual impact 
to total sales (more than $495 million) would occur in Illinois during 
the year of peak construction. Du.ring full operations, total sales impacts 
would be greatest in Illinois (more than $300 million a year). 

By considering regional unemployment rates, labor force sizes, and rela
tive levels of education among the adult populations of each region, 
in-migrant workforce estimates were prepared. Recent high unemployment 
in the Colorado and Michigan regions contributes to relatively low 
in-migrant workforce estimates; resident labor forces there would be 
more likely to seek SSC-related employment than·in the other regions. 
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Table 5.1.8-2 

SSC-RELATED REGIONAL EMPLOYMENT IMPACTS 

Peak Year of Construction 
1992 

First Yedr of Fu 11 L\perat ions 

2000 
(Nuniier of jobs) 

Ar 1zona ROI 
Dlrect SSC jobs 1 
Total SSC-related jobs i 
Per·cent of base line jobs :i 

Colorado ROI 
Direct SSC Jobs l 
Total SSC-related jo~s 2 
Percent cf baseline jobs 3 

Illinois ROI 
Direct SSC jobs 1 
Total SSC-related jobs 2 
Percent of baseline jobs 3 

Mich lgan ROI 
Direct SSC jobs 1 
Total SSC-related jobs 2 
Percent of base 1 tna jobs 3 

North tarolina ROI 
Direct SSC jobs 1 
Total SSC-related jobs 2 
Percent of base 1 ine jobs 3 

Ten!'lessee ROI 
Direct SSC jolx> 1 

Total SSC-related job~ 2 
Percent of base 1 tne jobs 3 

Texas ROI 
Direct SSC jobs I 
Total SSC-related jobs 2 
Percent of base 1 i ne jobs 3 

1. Ons1te 81\)loyment; 1992 impacts 

~ 976 

9' ~"!7 4 

!.i.t.s4 

3,962 
10,3614 
0.724 

3.452 
10.495 
0.26 

3.827 
9.621 
0.42 

3,858 
9,£154· 

0,934 

3,775 
9,4\7 
1.31 

3.819 
9,651 
0.44 

include some preoperat ions 
2. 01rect. 1ndtrect, and induced employment 1n the region because of SSC 

3.248 

6, \nC 

0.35 

3,243 

6,381 
0.37 

3,231\ 
7,030 
0. 17 

3,2·~3 

6,322 
0.27 

3,2r+8 
6,353 
0.15 

3,1·18 
6,836 
0.85 

3,248 
6,5!3 

0.26 

3. Total SSC-related e~lo,Y1nent as a percent of projected future e:nployHient in the ROI without the SSC 

4. 1991 ts peak year for secondary and total SSC-related jobs 
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Table 5.1.8-l 

SSC-RELAHD REGIOllAL EARNINGS AN!} SALES lHPACTSl 
DURING PEAK YEAR OF CONSTRUCTION AND FIRST YEAR OF OPERATIONS 

Peak Year ·of Const~uct ion· 
1992 

First Y-ea:- of F'ull Operations 

2000 

~$million, rounded to nearest $100,000) 

Arizona li.OI 

Total SSC-related earn1ngs2 $312.05 $180.3 
OirE-Ct ~SC sales demand3 250.45 159.1 
Toto?l SSC-related sales4 370.sS 235.8 

Colorado ROI 

Total SSC-rc1ated earnlngs2 327 _35 131. 7 
Direct SSC sales dem:.rn:l3 265.65 150.4 
Tctal SSC-related sales4 479.as <60 .1 

Illinois ROI 

Tc>t.a 1 SSC-re lated ear;1 lngs2 336.0 207 .7 
Direct SSC sales demand3 231.4 146.8 
Tot3l ,SSC-re1ated sales4 496.5 301. 7 

Michigan ROI 
Tota 1 SSC-re lated e..lrn ings2 318.2 1&5.8 
O·lrrct SSC sales derrt0nd3 240.8 157 .4 
Total SSC-relcted sales4 465.os 282 .1 

North CJrollna. P.01 

Tot.Jl S$C-r€:7ated carnings2 266.45 IC2 .5 
Direct SSC sales derr<-Jnd3 2:38.25 143.5 
Tot.,:i, 1 SSC-re 1al.;id sales 4 415.25 247 .a 

Tennessee ROI 

Total S~C-re latE:d earn lngr.2 259.sS 174 .9 
Direct SSC sales ~nd3 215.zS 1$2 .2 
Total SSC-re lat :!X:l sa lcs4 404 .25 281.2 

Texas ROI 

Total SSC-related earning32 304 .65 136.4 
Direct SSC si:.1~s der.i-~iid3 230.45 144 .5 
Total SSC-related sales4 446.75 267.9 

Notes: 1. /\11 figurec;; are in millions of 1983 do1lars 
2. f1'cludes direct, indirect, and induced earnings tn the region 
3. Includes SSC purchases of goods and services, and consi.iTEr spending, by· di~rect SSC l<tOriters-
4. Il"lclu<les dirEct, indirect, and induced sales in the· region. 
5. 1~91 peak yea!" 
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As shown in Table 5.1.8-4, Michigan would have the lowest in-migrant 
work force and would have about 2,230 in-migrant workers during peak 
construction and about 1,530 in-migrant workers during full operations. 
Colorado is next with peak construction year numbers of in-migrants at 
2,790 and 1,850 during full operations. Although unemployment rates are 
relatively lower in the Illinois region, the regional labor force is 
large enough to reduce in-migration there in response to SSC-related 
jobs. Estimates for Illinois lie near the mid-range--about 3,300 
in-migrant workers during peak construction and about 2,400 such workers 
during full operations. Labor force impacts in Texas would also be at 
about the mid-range. Conversely, low unemployment rates in Arizona and 
relatively small labor forces in North Carolina and Tennessee result in 
estimates near the high end of the range for these three regions. The 
estimates during peak construction are highest in North Carolina at 
about 5,000 in-migrant workers. During full operations, estimates of 
in-migration are highest for Tennessee at about 3,620 workers. 

5.1.8.2 oemographics and Housing 

Regionally, total population increases related to the SSC during the 
peak of SSC construction would range from about 6,700 persons in Michigan 
to about 15,100 persons in North Carolina (see Table 5.1.8-5). Relative 
to baseline population, the population impact of more than 14,600 in the 
Tennessee region would be highest during the construction phase at about 
1.1 percent. The peak impact in North Carolina would be just under 0.83 
percent of baseline population. The peak·population impacts might never 
exceed one-half of 1 percent of baseline population for any of the other 
regions; impacts in both the Illinois and Michigan regions would be the 
lowest, each under 0.15 percent. 

Regionally, during full operations, reference case population impacts 
would range from a low of about 5,300 persons in Michigan to almost 
13,000 in North Carolina and Tennessee. That impact in the Tennessee 
region represents about 0.9 percent of projected baseline regional 
population in the year 2000. North Carolina population estimates for 
the year 2000 are over 0.6 percent of baseline population. All other 
regions would experience population impacts of 0.3 percent or less of 
baseline population. · 

Housing demand is estimated based on in-migrant workers. Approximately 
two-thirds of the in-migrants typically have families. It is assumed 
that each family would demand housing. Singles are assumed to demand 
housing at a rate of 2.24 individuals per unit demanded. 

Estimates of peak housing demands during construction range from about 
1,800 in the Michigan region to nearly 4,100 in North Carolina. During 
full operations, the lowest housing unit demand would be about 1,250 in 
Michigan, and the highest would be almost 3,000 in Tennessee. 

Local impact could result from the implementation of the project. How
ever, local area housing markets mostly would not experience sizeable 
impacts caused by the SSC, compared to projected housing stocks (see 
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Table 5.1.8-4 

SSC-RELATED REGIONAL LABOR FORCE IMPACTS: 1N-MI6RANT WORK FORCE* 

State 1989 1990 1991 1992 19!13 1994 1995 1995 1997 1998 1999 2000 

(rounded to ten• of fndMduals) 

Arizona 720 2,470 4,400 4,410 3,650 3,790 3,050 2,440 2,290 2,690 2.920 3,000 

Colorado 430 1,560 2,750 2,790 2,330 2,470 2,020 1,620 1,460 1,680 1,810 1,850 

llltnoto 510 1,680 3,130 3,290 2,850 2,940 2,390 2.010 1,840 2,150 2,320 2,380 

Mtchtgan 300 1,170 2,100 2,230 1,970 2,120 1,760 1,400 1,220 1,400 1,500 1,530 

North Carcltna 850 2,810 5.000 4,970 4,090 4,270 3,490 2,810 2,660 3,140 3,410 3,490 

Tennessee 830 2,650 4,810 4,860 4,110 4,340 3,610 2.910 2,750 3,250 3,530 3,620 

Texas 490 1,740 3,180 3,290 2,860 3,0iO 2,460 1,950 1,780 2,070 2,240 2,290 

*Ntmber of tnd1vtduals who would tn-mtgrate to the ROI to ftll a direct or tndtrect job created as a rault of the SSC betng located fn that state. 
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Table 5.1.8-5 

SSC-RELATED REGIONAL POPULATION AND HOUSING IMPACTS 

Arizona ADJ 
Population impact 1 
Percent over baseline 2 
Housing unit demand 3 

Colorado ROI 
Population impact 1 
Percent over base l tne 2 
Housing untt demand 3 

I 111nols ROI 
Population tmpact l 
Percent over baseline 2 
Housing untt demand 3 · 

Michigan ROI 
Population impact 1 
Percent over baseline 2 
Housing unit demand 3 

North Caro 1 tna ROI 
Population impact l 
Percent over base 1 tne 2 
Housing unit demand 3 

Tennessee ROI 
Popu lat ton impact 1 
Percent over baseline 2 
Housing demand unit 3 

Texas ROI 
Population impact 1 
Percent over baseline 2 
Housing unit demand 3 

Peak Year of Construction 
1992 

13,240 
0.43 

3,610 

8,350 
0.38 

2,290 

9,890 
0.13 

2,700 

' 6,680 
0.14 

l,830 

15,060 
0.83 

4,070 

14.640 
1.12 

3,990 

9,880 
0.28 

2,700 

first Year of full Operations 
2000 

10,490 
0.29 

2,460 

6,300 
0.26 

1,520 

8,250 
0.11 

1,950 

5,290 
0.11 

1,260 

12,960 
0.65 

6 
Z,870 

lZ,690 
0.93 

2,970 

7,960 
0.20 

1,880 

5-173 

Notes: 1. Based on woTk force tn-mtgratton; includes fn'1111grant.~orkers, their famtltes at time of 
arrival to the reglon, and natural lncl'el- In popaleti'"' f<>lla<ing their arrt•al (rounded to tens) 

2. Popul•tlon impact as a percent of projected future -line _,1atlon In the aOl (rounded to 
significant digits) · 

3. Demand fOI" housii19 units in the-RD! anoc:tated wi.th In-migration; tncludes_demands of 
fam1lles as well as that by lndiYidual "°""'"""'"° "'"Y shore dwell1"gs (rounded to tens of units) 
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Tables 5.1.8-5 and 4-26). Noteworthy exceptions would be .housing 
markets of Fort Morgan and Brush in Morgan County, Colorado, where the 
SSC-related housing demand would be large compared to baseline housing 
requirements. The other important exception might be in the village of 
Stockbridge in Ingham County, Michigan, where the housing demand could 
double as a result of the SSC. 

5.1.8.3 Public Services 

Regionally, demands for public services would not increase substantially 
overall because of SSC-related population impacts for any of the seven 
regions. Only in Arizona, North Carolina, and Tennessee during peak 
construction, would total government employment require an increase of 
more than 400 jobs (see Table 5.1.8-6). As few as 210 would be needed 
in Michigan at the peak of SSC construction. Public employment impacts 
during operations would range from less than 170 in Michigan to 426 in 
North Caronna. 

Localized SSC-related public service impacts would show greater variances. 
Entirely new service systems would be needed near Arizona's proposed 
site since the area currently is not developed. Rural eastern Adams County 
in Colorado would require a major expansion of its services, and services 
in Morgan County would also require expansion. Public services in the 
village of Stockbridge, Michigan, would similarly need to be built up in 
anticipation of a potential doubling of population as a result of the 
SSC. Local services in Illinois, North Carolina, Tennessee, and Texas 
could probably absorb SSC-related demands with less disruption. 

On-site services would be provided by the DOE's Management and Operating 
(M&O) contractor. Typically, on-site emergency services, security, and 
other operational support such as gasoline stations are provided. DOE 
M&O contractors would also work with local public service agencies to 
coordinate other services and provide emergency planning for the facil
ities and the host community. 

5.1.8.4 Public Finance 

Net public finance effects are the differences between the state, 
regional, and local government revenues with the project-implemented and 
the no-action alternatives for any site. 

Regionally, net public finance effects to state governments from SSC 
construction and operation would vary widely among the seven sites; 
mainly because of differing tax rates. For purposes of this analysis, 
credit has not been taken for the positive changes in land values and 
tax revenues on lands surrounding the SSC. These benefits are expected 
to be substantial but cannot be accurately predicted, especially during 
the construction period. There-are also major differences in the pro
jected effects to local government jurisdictions which result, in part, 
from differing tax rates but also because of the differing levels of 
SSC-related population effects in· each local area and because private 
land would be transferred to Federal ownership. 
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Table 5.1.8-6 

SSC-RELATED EDUCATION AND PUBLIC EMPLOYMENT IMPACTS 

Peak Year First Year 
of Construction of Operations 

1992 2000 

Artzona ROI 
School enrollmentsl 2.759 Z,510 

Teachers require<J2 143 130 

Total government e!Tl>10)1'1lent3 417 377 

Colorado ROI 
School enrollmentsl 1.700 1,463 

Teachers requi red2 90 70 

Total government ~loyment3 296 223 

l l11nois ROI 
School enrollmentsl 2,029 2,004 

Teachers requtred2 99 98 

Total government eJl1lloyment3 329 275 

Michigan ROI 
School enrollmentsl 1,374 1,262 

Teachers requirect2 63 58 

Total government employment3 210 167 

Nc:rth Carolina ROI 
School enro 1 lmentsl 2,972 2,813 

Teach&rs requt rec¥: 170 161 

Total government employment3 495 426 

Tennessee ROI 
School enrollmentsl 2,988 3,058 

Teachers required2 147 151 

Tota 1 government enJ> 1o~nt3 456 396 

Texas ROI 
School enrollmentsl 2,031 1,900 

Teachers required2 113 106 

Tota 1 government eq> lo)Tllent3 368 297 

l. Eligible public school enrolllm!nt, the portton aged 5 through 17 of total regional population 1~acts 
tated wtth reference case in-migration 

2. Public school (full time equivalent) teachers required to mainta1n current student-teacher ratios 1n the 
region, given reference case enrollment 18'\acts 

3 Total (full time equivalent) government ~loyees required to ~~1nta1n current leYels of service ~n the 
region, gi.vcn reference case in-migration · 
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Also regionally, net revenue effects for each state government peak in 
1992 at between $5.8 million in Texas and $15.2 million in North Carolina. 
The other five state governments are anticipated to experience peak net 
revenue effects of between $10.9 million and $12.4 million. During full 
operations beginning in the year 2000, annual net revenue effects are 
expected to range between $3.2 million in Texas and $8.4 million in 
North Carolina (see Table 5.1.8-7). The application of four different 
types of taxes contribute to revenue: sales and use, motor fuels, 
vehicle registration, and public utilities taxes. The state governments 
would also receive net revenue effects from taxes and fees paid by SSC 
professional staff since these workers might have relatively higher 
earnings than the average wage earner in each state. 

At the local level (see Table 5.1.8-8), government juri$dictions in 
Maricopa County, Arizona, would experience both the largest positive 
annual fiscal impact during operations and the largest negative annual 
fiscal impact during the early years of construction. These relatively 
large impacts would be due to the large number of SSC-related workers 
expected to live in that county. Host of the counties studied would 
experience negative fiscal impacts during early construction years due 
largely to expenses for needed infrastructure improvements to accom
modate SSC-related growth. 

After these capital improvement costs are incurred, most counties would 
experience positive financial effects from the SSC. In some counties, 
although positive impacts would accrue after an initial outlay for 
infrastructure improvements, the positive impacts would not offset the 
earlier losses for some time. Local governments might be able to 
finance the capital improvements with long-term bonds that could serve 
to alleviate this problem in some counties. In other counties, the 
redistribution of revenue from the state government or from other local 
governments experiencing net increases could offset these negative 
impacts. 

5.1.8.5 Quality of Life/Social Well-Being 

This assessment of SSC-related impacts on quality of life and social 
well-being is tailored to the unique characteristics of the SSC program. 
The project's size, combined with the rigorous siting requirements used 
in the selection of BQL sites, has resulted in seven potential host SSC 
regions that sh~are important characteristics. In particular, each region 
contains a relatively large and dominant urban area, and the project 
extends in each region to cover large expanses of rural land. This common
ality between study regions facilitates consistent treatment of potential 
social impacts. 
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Tal>le 5.1.8-7 

- NET SSC-RELATED CHANGES IN STATE GOVERNMENT REYEHUEl 
r> (Difference in proposed.action and no-action, or current trend) :i::: ..., 
<J1 
-< w 
w 
"' CXl 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 CXl 
N (mil lions of 1988 do 1 lars) N 

Artzona $1.5 $6.0 $10.8 $11.2 $9.6 $10.2 $8.5 $7.0 $3.3 $3.9 $4.3 $4.4 
,.., 
" < 

Colorado 1.6 6.2 11.I 11.4 9.7 10.2 8.3 6.7 3.3 4.0 4.3 4.5 -· .., 
0 

" ~ 
Illinois 1.4 5.0 9.9 10.9 9.8 10.0 7.7 7.2 4.3 5.2 5.8 6.0 " .... .. -

r> 
Michigan 1.6 6.2 11.6 12.4 11.l 11.5 9.2 7 .4 3.4 4.1 4.4 4.6 0 ,, 

"' "' .c 
= 

North CaroliM 2.2 8.1 14.7 15.2 13.3 14.0 11.7 9.9 6.2 7.4 8.2 8.4 "' " n 

"' .. 
Tennessee 1.4 5.6 10.5 11.1 9.7 10.4 8.7 7.2 4.2 5.0 5.5 5.6 .. .., :::! - c.. 

"' :z 
< -· 0 Texas 0.8 3.0 5.5 5.6 5.2 5.5 4.6 4.0 2.3 2.8 3.1 3.2 .... 
~ -· c <O 
3 .. 
"' 

.... -· - I. Net i~acts are expected SSC-related revenue gains over base I lne condit·ions. < 
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1983 1990 

Arizona 
Maricopa Co. ($7.9) ($15.8) 

Colorado 
Adams Co. (1.5) (3.3) 
M::lrgan Co. 0.1 2.0 
Washington Co. (0. O) c.o 

I 1 lino1s 
DuPage Co. { 1.3) (2.0) 
Kane Co. (1.1) (3. 7) 

Kendall Co. (O.G) o.o 

Hlchlgan 
Ingham Co. (1.3) (2.4) 
Jackson Co. 0.0 0.6 

North carollna 
Durham Co. (1.3) (1.5) 
Granvt11e Co. (0.3) (0 .5) 
Person Co. (C.3) (0.4) 

Table 5.1.8-8 

SSC-RELATED CHANGES IN PUBLIC FINANCE 
CUMULATIVE TOTAL FOR LOCAL GOVERHKENTSl 

iN PRIMARY IMPACT COUNTIES 

1991 1992 1993 1994 1995 1996 
(mill Ions of 19~ dollars) 

($21.5) $5.0 $4.8 $4.9 $3.8 $3.0 

(2.5) !.S 1.5 1.3 0.5 0.3 
5.0 9.9 8.5 9.2 7.9 6.5 
0.1 0.1 C.l C.I 0.1 0.0 

(3.9) 0.8 1.6 1.3 !.S 1.3 
(U) 2.8 3.9 4.1 3.3 2.8 
0.1 0.1 0.1 0.1 0.1 0.1 

2.6 3.0 2.5 2.4 1.4 1.0 
0.5 2.4 2.2 2.3 2.0 1.6 

(0.6) 3.6 3.6 3.7 2.9 2.3 
(0.4) C.4 0.4 0.4 0.4 0.3 
(0.5) 0.1 0.2 0.2 0.1 0.1 

1997 1998 

$2.8 $3.3 

0.3 0.3 
5.0 7.2 
o.o 0.1 

1.2 1.5 
2.5 3.2 
0.1 O. l 

0.9 1.1 
1.5 1.8 

2.1 2.5 
0.3 0.3 
u.1 0.1 

I. Hat impacts are expected SSC-related revenue ga1ns over b3selioo condftions min:Js expected SSC-related expenditure 1ncreases. 

1999 2000 

$3.6 $3.7 

0.4 0.4 
7.8 6.1 
0.1 0.1 

1.7 1.7 
3.5 3.6 
0.1 0.1 

1.2 1.2 
2.0 2.0 

2.7 2.8 
0.4 0.4 
0.1 0.2 

Includes all 

iocal jurisdictions within the county, inc1udlng county governr.ent itself. All values are tn terms of millions of 1988 dollars: negative 

values are fn parenthesis. 
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1989 1990 

Tennessee 
Bedford Co. (0.3) (0.5) 

Marshall Co. {0.1) (0.2) 

Rutherford Co. (I. I) (1.2) 

Texas 
Ellis Co. (0.9) (O.S) 

Table 5.1.8-8 (Cont} 

SSC-RELATED CHANGES IN PUBLIC FINANCE 
CUMULATIVE TOTAL FOR LOCAL GOVERllNEllTS 

l9Sl 1992 1993 1994 1995 1996 
(m111ions of 1988 dollars) 

( l. l) (0. 6) 0.0 0.0 0.0 (0.0) 
(0. S) (O. l) (0.0) (0.0) (O.O) (0.0) 
0.2 2.3 2.4 2.6 2.1 l.8 

1.9 3.4 3.3 3.5 2.8 2.3 

198? 1998 1999 

(0.0) 0.0 0.0 
(O.O) (0.0) (0.0) 

l.6 1.9 2.1 

2.1 2.5 2.8 

2000 

0.0 
(0.0) 
2.2 

2.9 
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StJpported in part by measurements of social indicators relating to 
characteristks of potential newcomers and those of resident populations 
and, ·in part, by concerns revealed in the course of scoping for the EIS, 
this qualitative assessment (structured according to guidelines offered 
by Flynn et al., 1983) focuses on the distribution of the effects among 
six key societal groups in each potential SSC region. Appendix 14 deals 
with these groups and their subgroups in more detail. These groups 
include: 

(a) Suburban and rural residents whose property is required in fee 
simple for the SSC. 

(b) Suburban and rural residents whose property is required in strati
fied fee fo• the SSC, and those living adjacent to SSC sites, as 
well as other rural nonfarm residents (including dwellers in small 
towns) for whom ties to their region's major cities are assumed to 
be somewhat less important, and for whom rura·1 surroundings are 
assumed to exert a major influence en quality of life. 

(c) Farm operators whose livelihood largely is derived by direct 
encounter wit~ the rural environment and, like the second group, 
for whom quality of life is heavily dependent on characteristics of 
that rural environment. 

(d) Early, short-term ne•:comers associated with SSC construction, 
including temporary in-migrants to the region, in response to 
SSC-related job opportunities, and their families. 

(e) longer-term newcomers associated with SSC· operations and in-migrant 
workers and their families who would become permanent residents of 
the region. 

{f) Urban and suburban residents who are also assumed to derive their 
livelihoods and life quality generally from activities in the urban 
and suburban portions of their region. 

The people in group (a) above a re those most directly affected by the 
SSC. They would have to se 11 their property and move. They have, for 
more than a year, been in a state of uncertainty and suspense about 
their future, and are concerned about whether they would get fair value 
for their property, among many other things. lhe overall impact of this 
in the various states is directly related to the number of residents and 

·businesses to be relocated. Ee(ause the ROI's with the highest numbers 
of relocations are also those where similar accommodations are abundant, 
the impacts on the affected parties' quality of life may be minor (see 
Chapter 3, Table 3-6). Exceptions would be "homesteads," historical 
buildings, or other unique accommodations. Appendix 4 summarizes the 
compensation policies for relocated residences and buildings. These 
policies provide for mitigation in terms -of compensation. When other 
considerations are also important, there would be a net adverse impact. 
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rhe r•2, .. r>1e in grcup (b) above a~·e the next most Girectly affected by the 
'.,SC. lney ·,;'.ltdd be stronqly concerned about the effects of the presence 
cf th" s:;c cm their imni'ediate envi~onment. Tneir concerns a.re those 
<.td:' res~ .;:d '' this ch apter having to do with noise d~ :· i ng construction 
anJ cperat 0ns (5.1.4), rJdiatlon (&.I.&), groundwater degradation 
(5.1.2), soil contamination (5.l.6j, «isual effects (5.1.10), etc. 

In addition, they would be annoyed, particularly during construclion, 
with the 9reatly increased nunb>"" of spoils haul trucks on the previously 
l i tt 1 e-travc>J ed road>. At most sit es, some roads would lia•;e to be tPmpo
ra·,· i 1y or permar.enti y cut m· rerouted and new roads bu i 1t; '.;cm•= Ind.roads 
which have been little traveled would become connectors to various parts 
of the site. During construction, the general rural atmoopherG 1·1ouid, 
to some degree, become more industrialized. 

Small towns, particularly the Co1orado communities of Brush and fort 
Morgan anj the Michigan village of Stcckbridge, co~ld experience SSC
related population impacts large enough to lead to 'boomtown" co~ditions. 
Di~ruption of social networks and Institutions, highar crime rates, 
escalating rents and other price3, deterioration of public services and 
fac i lit I es, and road congest! on a 11 are reported outcomes of some 1 arge 
project implementations in small rural communities. Unlike the typical 
boomtown syndrnme, however, rapid grnwth in these SSC-impacted commun
ities would not be soon foliowed by rapid declines in economic activit-ies 
and population; SSC operations would continue fur many years, allowing 
time for community residents and newcomers to adjust to one another and 
time to develop and maintain expanded services and social networks. 

Group (b) persons would also have some positive impacts from the SSC. 
Many jobs would be available, both in construction and operations. 
There would be a general boom in the local economy which should mostly 
be beneficial. At Fermilab, as the scientists who were the newcomers to 
the communities became accepted, they actively participated In school, 
community, and social improvement programs. The same is expected to 
happen with SSC scientists. 

Group {c) persons are least 1ikel.v to be affocte.d either positive1y or 
neg3tively by the presence of the SSC unless their property is in the 
fee simple or stratified fee ar.ea.s. As in group (b), they would be con
rernc·<' about local environment and truck traffic, but after a few years 
~;· 1,. .. ;;ig with the SSC. would usua'l'ly find t~at the adverse effects are 
·,e~l igible or nonexistent. 

Group (d) persons would be concerned with the conditions already exist· 
Ing in the ROI--the level of service offered in the various communities. 
These people al"e in the area temporarily and ;·muld have more of an 
effect on the community than the community would have on them. For this 
group, the impact of the SSC would be positive as it would provide their 
ii ve 1 i hood for a number of years, 
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Group (e) persons include the scientists, engineers, technicians, and 
support staff not recruited locally. Their impact on the community 
lifestyle would be positive. Many of their salaries wo'rtld be high com
pared to local salaries. Their average educational level would usually 
be higher than the local level. They would be strongly motivated toward 
maintaining high standards of secondary education and would be suppor
tive of cultural, community, and technica·1 projects in the areas in 
which they locate. This positive impact has occurred at Fermilab and 
would be expected in the case of the SSC. 

Finally, those persons in group (f) are the ones most positively affected 
by the SSC. In addition to improvement in lifestyle from the effects of 
the group {b) people, new jobs and sources of income would be open for 
them. The net growth in the economy, from both direct and indirect 
employment, would also tend to improve their lifestyle. 

Public concerns have been expressed, particularly in scoping meetings, 
about environmental degradation and health risks in connection with the 
SSC. These concerns are addressed in this FEIS, including impacts on: 

o Air quality (Section 5.1.3) 
o Water quality (Section 5.1.2) 
o Water supply (Section 5.1.2) 
o Soil contamination (Sections 5.1.5 and 5.1.6) 
o Wildlife (Section 5.1.5) 
o Noise (Section 5.1.4) 
o Public health (Section 5.1.6) 
o Traffic accidents (Section 5.1.6) 
o Natural resources (Sections 5.1.1 and 5.6) 
o Land use (Section 5.1.7) 
o Prime farmlands (Section 5.1.7) 
o Socioeconomics (Section 5.1.8) 
o Cultural resources (Section 5.1.9), and 
o Scenic and visual resources (Section 5.1.10) 

5.1.8.6 Transportation Systems 

This section provides an assessment of projected impacts to transporta
tion systems resulting from SSC preconstruction, construction, and opera
tions. It discusses modifications to the existing transportation systems 
and impacts on traffic poter.tially caused by SSC activities. 

The approach to the transportation analysis is the following: 

o Identification of the capacity and current utilization of 
existing transportation systems. 

o Definition of the transportation demands of the SSC. 

o Assessment of the ability of existing transportation systems 
to accommodate the SSC. 
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o Identification of potential mitigation strategies that would 
be considered during detailed design. 

The transportation assessment focuses on peak SSC transportation demand 
periods during preconstruction, construction, and operations to assess 
worst-case impacts and to address the greatest need for mitigations. 

The assessment for roads focuses on roads and highways providing access 
from the proposed campus to other site facilities, on roads and highways 
providing access to site facilities from nearby small cities and spoils 
disposal areas, and on major highways providing access to the site area 
from nearby metropolitan areas. The assessment for rail, air, waterways, 
and public transit systems focuses on those systems that directly serve 
SSC transportation demands. 

Both direct and indirect impacts are assessed and defined as: 

o Direct impacts - Impacts to transportation systems that result 
from the direct construction or operations of the SSC, directly 
by transportation of supplies to the SSC or wastes (mainly 
excavated material during construction) from the SSC, or directly 
by employees of the SSC. 

o Indirect impacts - Impacts to transportation systems by the 
families of SSC employees, by other indirect population growth 
caused by the SSC, or by construction and/or operations of 
industrial or commercial facilities indirectly established to 
support the SSC. 

Road system modification issues assessed include direct impacts to 
existing roads such as connection of new to existing roads, relocation 
of existing roads, disruption to existing roads because of construction, 
and closing of roads. Impact magnitude was subjectively estimated based 
on importance {current traffic carried by the existing roads and destina
tions served), amount of disruption to existing roads, and duration of 
the disruption. Road system modification issues dealing with new roads 
include the impact of new roads on existing traffic patterns. Impact 
magnitude was subjectively estimated based on the amount of change 
occurring in existing transportation patterns. In general, the new roads 
considered are the roads discussed in the proposal for each site. 

Impacts oresulting from construction and operations activities are com
pared among the proposed SSC sites in Tables 5.1.8-9 and 5.1.8-10, 
respectively. Additional information on environmental impact assessment 
methodologies and the assessment of impacts at each proposed SSC site 
are presented in Appendix 14, Section 14.2.1. There would be no impacts 
to transportation systems during preconstruction, except for the need 
for roads to drilling sites for geotechnical confirmation studies. 
A number of temporary dirt roads would be constructed to provide access 
to various geotechnical drilling and site monitoring activities. These 
roads wo•Jl d not appreciably increase traffic. The connect ion of these 
dirt roads to existing roads is not expected to result in impacts to the 
capacity or current utilization of existing roads. 
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A. Roads 

Construction of on-site and off-site access roads includes the construc
tion of new access roads to each SSC facility. Most of these would be 
two-lane paved roads that·would be connected to the existing road network 
in the area. In many cases, improvements such as paving, widening, and 
replacement of bridges would be required to bring the existing network 
up to an acceptable level of service. Off-site access roads and highways 
would also be provided at a number of sites to provide access to the 
proposed campus area and to provide general site access. 

These road improvement and construction activities would cause short
term disruption of traffic flow during direct road and bridge improve
ment activities and during the construction of intersections to connect 
access roads to the existing road network. In some cases, the construc
tion of new, limited-access highways and SSC facilities would cut exist
ing roads, disrupting their traffic flow for the duration of the project. 
Mitigations that ~muld be evaluated during construction planning include 
schedulinq major activities during off-peak hours of the day, maintain
ing at least one open lane past individual construction areas, estab-
1 ishing detour routes around constniction activities, and using flagmen 
to direct traffic and maintain traffic flow. 

kr1cts resulting from constructiun 2;-,d op~n.tions activities are ccm
p1r2j a~ong proposed SSC site~ in Tables 5.1.8-9 and 5.l 8-10. New and 
lmprovErl SSC access roads might alter exist!ng traffic patter~s. In 
som2 c?~Psr the·access roads would imorove transpcrtatio11 for existi,1g 
r2si~ents 0r the Jrea. In ether ca~c-:, ?atticularly where roa~s !1ave 
Li:tn cut., ::xistilig tr,1ffic p&t.te;rr>s riiriht be ad11€rsely irc:iact<d. f~iti;;a
tio~~s tt;2t wcul~ be evaluated d~]ring detail de5ign include t~te construc
t1c•1 ::if fr0~tage ~nd bypass roads and intersections to 11mited access 
roads so that the existing residents can travel to their destinations in 
a reasonable manner. 

Increased traffic on roads in the site area would result from construc
tion _workers commuting to and from work, transportation of equipment and 
c.onstruction supplies to the site, transportation of waste materials 
such as spoils from the site to disposal areas, and transportation of 
workers, equipment, and $Upplies from rme SSC facility to another. Roads 
providing ~ccess to the campus and injector areas, individual service 
~are~~ and intermediate access 1reas, and individual interaction points 
and experimental areas might experience an increase in traffic of up to 
1,250, 300, and 200 vehicles per day, respectively. Increased traffic on 
reads in the region of influence would result from the increased popul a
ticn indir2ctly caused by the SSC construction. Several routes would be 
operating at a full capacity or highe!" level of service (LOS) if the SSC 
were located at that site. This represents an LOS of E or F. These are 
defined as fo 11 ows: · 
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Table 5.1.8-9 

COMPARISON OF TRANSPORTATION IMPACTS DURING CONSTRUCTION 
AT PROPOSED SSC SITESl 

North 
Transportatton Impact ArizOna Colorado 11 Hnols Michigan Carolina Tennessee 

I. Roads 

a. Road System Modiflcat!ons2 
New 4-lane hlglMay (ml) 15 0 4 I 25 6 
New 2-lane higtway (mi) 0 53 0 0 0 0 
New 2- lane roods (ml) 37 34 3 7 12 4 
Upgraded/re$urfaced 

2_- ldne roads (mi) 20 91 20 99 10 12 
New 1-lane roods (mi) 8 2 I 2 2 3 
New nodified free:Nay/ 
tollway l nterchanges 

Potent la~~ No Yes No Yes No 
Major ro3d disruption r10 No No No No 

b. local Traffic Impacts on 
Lowest LOS on impacted 
2- lane roads4 D c F D E D 

Disruption to Existing 
traffic patterns No Yes No No Yes Yes 

c. Indirect Traffic llft)act 
Increase in indirect 
traffics (X) 0.4 14 I 3 4 

2. Rai 1 

•• Rail System Modtficattons6 
Connection of nel!.' ratl spurs/ 
sidings to existing rail lines Yes Yes Yes Yes. No No 

l.ength of new ra 11 spurs/ 
sidings (ml) 1 20 D.0 0.5 N/A N/A 

Major ra i 1 disrupt ion Potentia 1 No No No No No 
Construction of existing 
rail line grade crossings8 Potential Potential Yes Potential Potential Yes 

Construction of existing 
rai 1 line grade 
separation crossings& Potential Yes · Ho No Potential No 

b. Dir·:ect Traffic Impacts 
Trains per day serving 
the SSC site <l <I <I <I <l <1 
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Texas 

5 
0 

12 

23 
4 

Yes 
No 

D 

No 

3 

No 

N/A 
No 

Yes 

No 

<l 
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Table 5.1.8-9 (Cont) 

COMPARISON OF TRANSPORTATION IMPACTS DURING CONSTRUCTION 
AT PROPOSED SSC SITESl 

North 
Transportation llq)act Arizona Colorado i lllnois Michigan Carolina Tennessee 

c. Indirect Traffic Irrpacts 
Increa~e in indirect ·traff1c9(~) 0.4 0.4 0.1 0.1 0.8 

3. Air 

•• Airport Modifications 
Major airport nndifications No No No No No No 
General aviation air 
field modiflcationslO No No Potentia 1 Potent la l No No. 

b. Direct Traffic Impacts 
Average increase in number 
of flights per week I 

c. Indirect Traffic Impacts 
Increase in indirect 
traff 1c9 (%) 0.4 0.4 0.1 0.1 0.8 

4. Wate~ays 

Increase in waterway 
traffic No change No change No change No change No change No change 

5. Public Transit 
Increase in direct 
traffic No change No change 

Increase! in indirect 
No change Ho change No chang~ No change 

traffk9 (%) 0.4 o.~ 0.1 0.1 0.8 

l. Construction impa~ts were evaluated for 1992, the peak construction year. 

Texas 

0.3 

No 

Potential 

0.3 

No change 

No change 

0.3 

2. Road system iood1fications are b.?:sed on SSC site p1·oposals, w1th the exception of Arizona. See a~ternathre 
plans as discussed 1n Appendix 14. 

3. Major road disruptlon could occur t~orarily if c~1t·and-cover tunnel construction cuts the Maricopa-Gila Bend 
Road. . 

4. LOS: Level of Service. A: Free flow with individual users virtuc:.lly unaffected by the presence of others in 
the traffic stream. B: Stable flow but the pr:?sence of other users in the traffic stream begins to be 
noticeable. C: Stable flow b:.it operati::ms of individual users becomes significantly affected by interactions 
with others tn the traffic flow. D: M:~:~ density, but stable flow with speed and fl"eedoot·to maneu'ir'er se¥erely 
restricted, and the driver experience-:;<:>. g2nera"l"ly poor level of ccmfort and convenience. E: UnstaLle f1rM at 
near capacity level with speeds reduce;-.:; r.111neuvering dlfficu·lt and cxtrenely poor level of cootfort z;.r.d 
convenience. F: Forced or bre:1kdown fk'IW with ira.ffic demlnd exceeding the capacity; un:Jt1Jb1e stop and go 
traff 1c. 

5. Increase for county most affected by indirect SSC population growth. 
6. Rall system roctdificritions are based on SSC site p>rJ.posals. 
7. Major rail disruption could occur ·jf cut-and-cover tunnel construction cuts the ~xisting Southern 

Pacific main line track.s. 
8. Existing rail lfr1:e crossings are required in most c'3s.es. ~wever, it is not clear from the SSC 

site proposa1s whether grade or grade separation crossings wil"i be used. 
9. Increase for the ROI. 
10. Existing or proposed 9er.era1 aviation air fields are located 1n stratlfled fee areas. 
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Tallle s.1.a-10 

COMPARISON OF TRANSPORTATION IMPACT MA6HITIJDES DURING OPERATIONS 
AT PROPOSED SSC SITESl 

Transportation I~act 

1. Roads 

a. Ro,,..:i S:;i!>tem Modtf\c,,ti.ons 

b. Direct Tr-a ff 1:: l1npacts 
Lowe~t lO~ ~n 1~p~cted 
h~ghwayst. 

Disruption to existing 
traffic patterns -

c. Indirect Traffic Impacts 
Incre.:l!ne tn indirect 
traff·jc3 (%) 

2. Rail 

a. Rail System Modifications 

b. Direct Traffic fo:pacts 

c. Indirect Traffic Impacts 
Increase in indirect 
traff lc4 (%) 

3. Air 

a. /lirport Modifications 

b. Direct Traff1c Impacts 
Average increase 1n riumber 
of fl 1ghts per we'* 

c Ind1re:~t lraffic I111>4cts 
Incre&i'ie 1n indir-ect 
tr<1ft·1c4 (%) 

'1. Wi'lterl'iav'.I 
lr.creas?. in ~atetwdy 
t,r.:"<f-f ic 

5. Pub1lc Transit 
Increase in direct 
traffic 

Increase 1n indirect 
traffic4 {i) 

Artzona Colorado 

0 c 
No 

0.3 

111 tnots: Michigori 

Mone 

F 

Ho 

Hone 

0 

No 

North 
Carolina Tennessee TeYes 

ff one None 

E 0 E 

\·es Yee No 

2 2 

None Nor1e None None Hor,e Ncne None 

Net chaiige No char.gs Ho r.hange ko change No change No change No change 

0.3 0.3 0.1 0.1 0.7 0.9 0.2 

Hone Hone Hone None Hone None None 

I 1 1 

0.3 0.3 0.1 0.1 0.1 0.9 0.2 

No ch~nge f~o charge t.o r:t-,;;_~·ge flo c.hange No change N'1 chanoe No change 

No char.ye No change No ch<t~ge flo change tfo change No change No change 

D.3 D.3 0.1 O.l 0.7 0.9 0.2 
~. 

1. Operations impacts were ev!I ltu1ted for .2000. the year operation • loyn~-mt reaches a constant leve 1. 
2. LOS: Level of Service. A: free flow with tndiv1dual users virtually unaffected by the presence of others to 

the t~aff'c $tream. B~ Stahle flow but the prC1Mmee of other users 1n the traff'c streJm beg\ns to be 
noticeable. C: Stable flow but operations of 1ndtvidual users becomes significantly affected by interactions 
with others in the t~affic flow. D: H1gh density, but stable flow with speed and freedan to !Wlneuver severely 
restricted and the driver .experfences a generally poor level of comfort and convenience. E: Unstable flow ~t 
near capacity le\'el with spoeds reduced. uneuvering dtfficult and extremelY poor le'lel of coo;fort. amt 
convenience. E: Forced or breakdown flCM with traffic demand exceeding the ~apacity, urustable stCJ!l and go 
traffic. F: Forced or breakdown flow with traffic demand exceeding the capaCity. unstable stop and go traffic. 

3. Increase for county Jll)st affected by indirect SSC population growth. 
4. Increase for the ROI. 
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o E - Unstable flow at near capacity level with speeds reduced, 
maneuvering difficult, and extremely poor level of comfort and 
convenience. 

o F - Forced or breakdown fl ow with traffic dmnand exceeding the 
capacity of the highway, unstable stop··und-go traffic. 

The E and F LOS includes the following roads at each of the affected sites. 

o I 11 inoi s - St.ate Route 64; Kirk Road to Randa 11 Road 
US Route 34; State Route 59 to State Route 31 
State Route 59; I-88 to State Route 56. 

o North Carolina - US Route 501; US Route 158 to State Route 49. 

o Texas - I-35E; I-20 to US Route 77. 

Mitigations that would be considered during construction planning 
include the ~se of carpools, vanpools, and buses to decrease the peak 
traffic volume. In addition, SSC construction ~1ork-shifts could be 
staggered, taking into consideration work-shifts of other einployers, to 
reduce peak traffic volume. 

Mitigations that could potentially be implemented to reduce spoil 
disposal truck traffic impacts include the following: The use of state 
high~1ays instead of local roads; direction of traffic away from 
residential areas and schools; use of traffic controls and speed limits; 
and the development of off-peak oriented disposal schedules to avoid 
normal urban congestion. 

No modifications to road systems are forecasted during operations. In 
the event road improvements are needed, impacts and mitigations would be 
similar to those discussed above for construction. 

Traffic pattern impacts resulting from the permanent closure of roads by 
limited access roads and SSC facilities 1·;ould continue for the duration 
of operations. Mitigations implemented during construction ~muld also 
mitigate operations impacts. 

Increased traffic on roads in the site area would be incremental and 
reflects regional trends in traffic resulting from operations and main
tenance workers commuting to and from work, transportation of operations 
equipment and supplies to the site, transportation of waste materials 
from the site to disposal areas, and transportation of workers, equip
ment, and supplies from one SSC facility to another. In addition, visit
ing scientists would commute to and from the site and travel from one 
SSC facility to another. Roads providing access to the campus and 
injector areas, individual service areas and intermediate access areas, 
and individual interaction points and experimental areas might- experi
ence an increase in traffic of up to 1,500, 25, and 150 vehicles per 
day, respectively. Increased traffic on roads in the region of influ
ence would result from the increased population indirectly caused by SSC 
operations. Mitigations are the same as those discussed for construction. 
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B. &_an 

During construction, a rail spur or siding might be r~quired to be 
cen:ier.:ted to an existing rafl 1ine andicr a road would be cm1st:-t:cted 
across a~ existing rail line at som! of the proposed sites. Tha ronnec-
: i0n of a tail spur c:r siding to a•1 existing rail line may disrupt rail 
tqffic for a ~~·ort ti·.1\e ·.;>iile the switrh is insta11ed. 1he construction 
cf an at-gradP road crossing would also disrupt rill traff!c while con
~'~r<Jction activities are occurring in the imn;ediate vicinity uf the tr;:,ck. 
T':e co~struction of a gradr-seraration road crossing is expect~· to result 
\~only miili;;,a·l disruption to r;;i1 u.iffic. Mitigati•;t1s thY.t might be 
«'.X<«ninod b.Y the carrier during L·Jr.structfori plannirg i11clucle tk' :,ch!:dul, 
fr;; of rail tratffr around disr~ption periods, rero1;Urg r~i1 troffic 
D'lei' 1Jther railroads, scheduling rnn:.tructiora work during pedods of low 
r;.il traffic, and expediting construct•Gn '<lark to mi11imize the duration 
of the disruption. 

Increased rail traffic on exi~ting rail lines mlaht re~~lt from the tra9s
pot'tation of construction matEr1a1s, equipn:e~t, ::ind nonfrag1!'e technical 
c-_1mponents to a new er existing rai1 ;,pur or ~idir:g near the sitr:. Miti
!;Jtio;1s might be examined by the carder durin<J rnr.structio~ planning 
a11~ include the sched1illng of rail service to the rail spur or siding to 
minimize delays to other rail traffic. Negligible impacts to rail lines 
a~d rail traffic are expected to result from operations. 

c B_ir 

C0nstruction and oper1tions activities would not directly impact major 
a\rp~rts. At least one general aviation airfield is located in a 
r'' :)posed stratified fee area. Three acres of the DuPage airport prop
erty in Illinois are located within the proposed fee simple lands in the 
P".ar cluster. However, all f<l:::ilities affecting airport operations are 
•Y• proposed stratified fee areas. Im;>acts to th<:se fields would be 
EY~rcted to be negligible because construction and operations activities 
wnuld occ~r below ground in these areas. 

h!cr21,,d air traffic during construction and cperations wou1d be a 
<1'''~t resuH of the transportation of construction and operations 
pi'·:.<;:- ·-1 ~<l ar1J froi:: the site and thP tra"i'P'''t.:;tion of mail, supplies, 
<1·:-::~ ,:qi;i:"~ Jn,::_r·t:rtsed air traffic w:;~-!d 131:;0 rc!.ult fro~ri the 
,·.r :-·::{.,~·: ;.,:~u.,dt·!n!-; indfrr!ctly caus\:d b:t S~~C ccr<-:tr~tction and opera·· 
t:v- .·.; ':.: the:;e irr-!)act~ would occur at tf,1,, mdjc,· ,;irport. in the 

Som;; tuirn ica 1 compe>~Ents, cons,ti-uct. ion equiµmen1, and supplies mon1;fac.
t~r2d 01~rs~as would be shipped to parts and the11 transported to the pro
pcs0d site by rail or truck. Other Items manufact~rcd ne2r waterways In 
the Ur.ited State> might aho be ~hipped by water. !he likrlihood of 
signi i leant ,,,aterway use to &uµport SSC cons tr ~ct i,in a~d o!-,2rations is 
very low at all sites. 
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£. Public Transit 

Generally, public transit systems do not extend to the proposed sites 
and, therefore, would not be directly impacted by the SSC. Where public 
transit systems are present, they would experience direct impacts from 
the increased demand caused by construction and operations workers. 
Rental car services might experience increased demand during construction 
and operations .. Public transit systems in nearby metropo1 itan areas 
would experience an increase in demand due to the increase in population 
indirectly c.aused by the SSC construction and operations. 

5.1.8.7 Electricity 

Various configurations of electric service have been proposed to serve 
the two SSC substations from nearby existing or proposed facilities (see 
Section 4.9.3). These have been chosen both to supply the necessary 
power requirements for normal SSC operations and to lessen the need for 
construction of additional transmission lines. Electric power would be 
brought on site via two transmission lines, with connections routed to 
each of the two SSC substations. The impacts felt here would be from 
the installation and routing of the transmission lines. These impacts 
might be mitigated to some extent by following standard power company 
construction techniques, by careful assessment of the planned routing, 
and, where possible, use of existing easements. 

Both the Arizona and Colorado sites, being the most rural of the site 
alternatives, would require construction of-a greater number of transmis
sion lines. Again, if either of these sites were selected, the power 
company wo.uld need to provide mitigation to the extent possible by 
planned routing and construction techniques. Tennessee would also 
require construction of a fairly substantial amount of line. The remain
ing sites would need relatively short lengths of transmission line to 
connect Substations I and 2 to the electric power grid. 

Electric power distribution around the booster rings and collider tunnel 
would be accomplished by routing power cables in the tunnel around the 
circumference of the ring. Electric power is planned to be distributed 
to the buildings by underground duct banks. Distribution of power lines 
in this manner would eliminate any visual impacts. 

Construction power is generally available at each of the proposed sites 
and could be provided to contractors either by placement of a pole line, 
which may be removed when work is complete, or by planning early construc
tion of permanent facilities in order to support construction work. For 
either scenario, impacts would be temporary and mitigation, to the 
extent possible, would be required of the contractor and appropriate 
power company. 
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Generally, the final location and placement of the proposed SSC facil
ities might require the relocation of several transmission lines in the 
vicinity. This might require some rerouting of existing transmission 
lines in order to maintain system continuity and customer service. These 
instances would need to be addressed on a site-specific basis as the 
need arose. Whether or not rerouting would be needed would depend on 
detailed design of the SSC. This issue will be addressed in the Sup
plemental EIS. However, typically, relocations would be over short 
distances and would be mitigated by following standard power company 
construction techniques. 

5.1.8.8 Natural ~as 

Each of the proposed sites is well served by an existing network of natu
ral gas pipelines (see Section 4.9.3). With gas transmission lines 
on-site or in the immediate vicinity, the construction of new lines 
would be minimized. Providing service to the facilities would require 
constructing between 3 and 26 mi of new pipeline. Until detailed design 
of the SSC facilities exists and the precise location of existing pipe
lines is known at the selected site, no firm assessment of impact can be 
made. The use of proper construct ion techniques and carefully planned 
line routes would help to minimize impacts. The specific routes would 
be worked out after the site is selected during final design of the SSC. 

During construction and preconstruction, it may be necessary to relocate 
several smaller pipelines. This might require the rerouting of existing 
lines to maintain continuity of service. These instances would need to 
be addressed on an individual basis as the need arose. However, re
locations should be over short distances and should cause minimal and 
temporary impacts. 

5.1.8.9 Telecommunications 

Each of the proposed sites has existing telecommunications service in 
the general vicinity, but would require construction of new lines to 
service the SSC project. The exception would be Illinois, which 
currently provides similar service to Fermilab and has the necessary 
communications structure already in place. 

During construction and preconstruction, on-·site communications could be 
handled by commercially available two-way radios and walkie-talkies that 
are commonly used on construction sites. 

Communications between the site and other 'locations could either be by 
connection to a local telephone system or by radio link to a system some 
distance·away. Communications between tunneling operations and the 
surface would be via a hard-wired system on-site. For either ·case, 
there would be no environmental impact. 
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The final location of the proposed SSC facility might require the reloca
tion of several communications lines in the vicinity. This would require 
some rerouting of the lines in order to maintain system continuity and 
customer service. Typically, this would be a relocation over a short 
distance, and specific routes would be worked out after the site is 
selected during final design of the SSC. 

5.1.9 Cultural and Paleontological Resources 

5.1.9.l Cultural Resources 

A. General Comparisons of Proposed Sites 

Cultural resource assessments consider potentially adverse effects to 
significant archaeological sites and historic standing structures. 
Significant sites are those that would meet the eligibility criteria for 
listing on the National Register of Historic Places described in 36 CFR 
60. Important cultural resources also include Native American sacred 
sites related to traditional religious beliefs and practices. The 
American Indian Religious Freedom Act (42 U.S.C. 1996) provides for the 
protection and preservation of sites identified or suspected to be sacred. 
Cultural resources are nonrenewable and could poss2ss important scien
tific, educational, and heritage values. Cultural resources are poten
tially affected by SSC project activities performed during preconstruc
tion, construction, and operations. 

Data pertaining to known cultural resources were derived from informa
tion provided.by the proposing States, data gathered through independent 

.literature review, and consu1iation with the State Historic Preservation 
Officers (SHPO's). 

Archaeological assessments involve identifying prehistoric and historic 
archaeological sites and verifying the locations of archaeological site~ 
based upon archival information. Archaeological field surveys have not 
been completed at any of the proposed sites. Extensive field surveys 
have been undertaken at the Arizona and Illinois SSC sites, although 
several areas of potenti~l impacts along the collider ring remain to be 
studied. Archaeological field surveys have not been performed at the 
Colorado, Michigan, North Carolina, Tennessee, and Texas sites. Su~·;,rys 
have not been performed of ancillary areas of construction activitie:: 
such as access roads, utility rlg!1ts-of-way, spoils deposition, etc. 
Eor any site selected for the SSC, further archaeological assessment:> 
would be necessary. 

In Arizona, portions of the collider ring to b<! constructed by cut-and
cover, the campus areas A, B, and C, and buried beam access areas, have 
been extensively surveyed. At the proposed Illinois site, most of the 
locations of proposed facilities have been surveyed; however, others 
were not studied due to circumstances of poor visibility or limited 
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access. A reconnaissance-level archaeological survey has been under
taken at the proposed Tennessee SSC site. No project-related archaeo
logical field survey has taken place at the proposed Michigan, North 
Carolina, and Texas sit.es. A sample survey of proposed roadways to the 
site was performed in Colorado. 

The extent to which historic surveys have been completed also varies. 
Cultural resource fieldwork pertaining to the proposed Arizona SSC 
collider ring included an historic building site survey. A total of 
five structures were identified, of which only one remains standing; 
other historic sites include three areas of historic refuse and two 
historic trail roads. In the area of the proposed Colorado site, local 
residents compiled a listing of known local historic resources. Further, 
in Colorado, portions of proposed roadways to the SSC site have been 
surveyed and significant historic sites have been identified. At the 
proposed North Carolina and Texas sites, some local studies have been 
completed. Significant historic structures are likely to be identified 
in both states. In Illinois, systematic, regional historic building 
surveys have been completed; these data provide a thorough database for 
assessing potential impacts to historic structures. In Michigan and 
Tennessee, intensive field inventories and evaluations of standing 
structures have been completed. Significant resources have been iden
tified at both sites; other structures might require further evaluation. 
Historic cemeteries have been identified in areas of the proposed sites 
in Colorado, Illinois, Michigan, North Carolina, Tennessee, and Te~as. 

No Native American sacred sites have been identified at any of the pro
posed sites; although prehistoric burials have been previously recorded 
in the vicinity of the sites in Colorado, Illinois, Michigan, and Texas. 
The existence of prehistoric burials cannot be excluded at any of the 
sites. In response to Illinois State Museum inquiries, the Citizen Band 
Potawatomi Indians of Oklahoma have stated that Native American burials 
may be located in the general vicinity of the proposed Illinois SSC site 
but no specific locations were identified. 

B. Qg_scriptions of Known Resource Impacts at tq~ Proposed Sites 

Any of the seven known prehistoric sites within the proposed Arizona SSC 
project area could be eligible for the Natjonal Register. The signifi
cance of these prehistoric resources can be realized through appropriate 
data recovery programs emphasizing the recovery of botanical and faunal 
data from roasting pits, rock pile features, and buried cultural features 
in an attempt to document the procurement activities performed at these 
locations. A considerable part of the significant artifact assemblage 
at these sites may be surficial. 

The construction of the SSC project in Arizona could impact a total of 
ten known historic sites. The Butterfield Stage Coach Line and the Juan 
Bautista de Anza Trail are important historical resources although 
neither has been placed on the National Register. The five historic 
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structures (of which only one remains standing) and the three scatters 
of historic artifacts are slightly more than 50 years old. The signifi
cance of the historic sites has not been fully established. 

It is anticipated that future archaeological and historical surveys con
ducted in Colorado may locate sites within the project area. Prehistoric 
sites are particularly likely along drainages such as Badger, Beaver, 
and Bijou Creeks. The known sites within the proposed project area have 
not been evaluated with regard to National Register criteria or specific 
potential project impacts. Similarly, the historic sites identified by 
local residents have not been thoroughly documented and evaluated. The 
precise locations of these sites are unclear with respect to proposed 
project facilities. 

In addition, six historic sites considered eligible for the National 
Register have been identified and evaluated in Colorado along portions 
of the proposed SSC access roads; these are indicative of the nature of 
historic agriculture-related resources and vernacular architecture. 
Several of these could be directly impacted by the SSC. 

Many of the proposed project construction areas at the proposed Illinois 
site have undergone intensive cultural resource surveys. Twenty-five 
prehistoric archaeological sites are on the Fermilab property; thirteen 
of these are currently being evaluated to determine if they are eligible 
for nomination to the National Register. Other known sites are located 
in potential impact areas of the collider ring. Additional surveys and 
evaluations are currently being completed by the Illinois State Museum. 

A number of historic structures are located in potentially affected areas 
of the proposed collider ring in Illinois: I) the near and far clusters, 
2) the beam absorber easement areas, and 3) intermediate and service 
areas. The significance of these structures and potential impacts have 
not been evaluated. 'Eleven historic archaeological sites have been veri
fied to date within the project area including four within the far cluster 
and four within the near cluster. 

The historic structures survey of the proposed Michigan SSC site is com
plete. However, very little is currently known about the full range and 
specific locations of prehistoric archaeological sites in the proposed 
Michigan SSC project area. Most of the cultural history is represented 
by nearby recorded sites. Prehistoric sites are particularly likely in 
upland and wetland contexts. Predictive studies indicate that numerous 
prehistoric archaeological sites would be located during field surveys. 

Three significant historic structures, the Cady Centennial Farm, Struc
ture "R-516," and the Springman Centennial Farm, were identified in the 
area of the proposed Michigan SSC site. Other significant structures 
could be identified during future evaluations of the structures recorded. 
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Intensive surveys have not been completed in the proposed North Carolina 
SSC site area although extensive inventories of historic.structures have 
been undertaken in Granville and Durham Counties. Detailed data are not 
available to predict numbers or projected locations of cultural resources. 
Those nearby resources which have been recorded indicate that the proj
ect area is likely to contain prehistoric and historic archaeological 
sites and historic structures which would be identified during field 
surveys. 

Intensive archaeological surveys of the proposed Tennessee project area 
are not available. In addition, it is not possible to accurately pre
dict numbers or projected locations of prehistoric and historic archaeo
logical sites. Of the cultural resources which have been recorded at 
the proposed Tennessee site, only one historic archaeological site, the 
Spain Ranch, has been t.dentified. One historic site, the Sanders Farm, 
could .be eligible for the National Register. 

Few archaeological studies have been completed in Ellis County, Texas, 
so data are not available at the proposed Texas SSC site to predict the 
numbers or projected locattons of cultural resources. It is possible 
that previously unrecorded prehistoric and historic archaeological sites 
will be identified. Intensive historic buildings surveys could identify 
important structures. 

C. Definitions of Imoacts 

Direct impacts would result from actual disturbance of a resource's 
structure, setting, and spatial configuration during construction or 
operations. Disturbances of this kind could occur within facility 
construction zones and areas of ancillary activities, such as access 
roads, utility rights-of-way, storage yards, parking areas, assembly 
areas, and project field offices. Disturbances of this kind occur to 
surface and subsurface elements of archaeological sites. The removal of 
historically or architecturally important structures are more obvious 
direct impacts. 

Indirect impacts to cultural resources often result from the general 
intensification of land use activities in the area surrounding new 
development. Population growth and greater accessibility due to 
improved roads and other facilities may result in increased vanda 1 ism 
and other forms of disturbance and destruction. Further, patterns of 
land use on nearby public and private nonproject lands may change. The 
indirect impact area would thus ·vary with each proposed site, depending 
on site location and existing land use patterns. DOE does not control 
those factors that result in indirect impacts. Zoning and local land 
use plans are under the control of local governments. 

Cumulative impacts to cultural resource.s often occur during periods of 
regional intensification of development. As a result, a nonrandom dis
tribution of resources becomes vulnerable to disturbance and data loss. 
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Where there are appropriate state and local preservation plans backed by 
laws, regulations, and ordinances, the problem of indirect and cumulative 
impacts should be addressed. However, in those areas where there are no 
regional or local plans and regulations (or these are incomplete) cultural 
resources may be placed in danger of damage or destruction. 

D. Mitigatiye ~ea~yre_:;_ 

After the SSC site is selected, the DOE would consult with the SHPO for 
the selected state and a Programmatic Agreement (PA) would be developed 
between the DOE, the SHPO, and the Advisory Council on Historic 
Preservation. Consultations with other Federal agencies such as the BLM 
and the Advisory Council on Historic Preservation would occur, as neces
sary. For the selected site, additional surveys and evaluations would 
be completed and, if needed, mitigation measures would be developed in 
accord with an PA. 

In order to assure the protection of significant historical and archaeo
logical resources at the selected SSC site, a mitigation program would 
be implemented consistent with the PA that provides for the identifica
tion, evaluation, and treatment of significant cultural resource prop
erties that would be directly affected by the SSC project activities. 
Inventory and evaluation studies which supplement those already com
pleted would be performed. If necessary, further archival research 
would be undertaken to establish data regarding properties that might 
occur in the selected project area. 

To identify Native American sacred sites and other ethnographic loca
tions, continued discussions may be needed with representatives of 
groups who have traditional or current ties to the areas affected within 
the selected project area, and who could identify concerns about the 
future management and treatment of those resources. 

Proposed field studies of potential project impact areas would need to 
be completed. The objectives of field studies are twofold: to verify 
the existence and condition of previously recorded cultural resources, 
and to identify additional properties within areas affected by the proj
ect. Evaluations of archaeological properties are made in terms of 
established criteria of eligibility for the Nati911al Register and 
usually involve collection and analysis of data, using both surface 
materials and subsurface testing to establish the age, content, and 
horizontal and vertical extent and integrity of the deposit. 

Evaluation of historic architectural and engineering properties includ
ing buildings, structures,l and objects requires application of National 
Registe1· criteria to establish eligibility. The evaluation process 
requires a detailed level of resource-specific investigation regarding 
age, ownership, historic associations, and documentation of condition, 
stylistic/functional traits, and integrity of contributing elements. 
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After significant cultural resources have been identified, each should 
undergo an assessment of potential impacts due to project implementa
tion. Determinations can then be made of appropriate mitigative 
measures. 

Avoiding significant historical and archaeological resources could be 
the most effective means of mitigating significant impacts. In loca
tions where avoidance is not feasible because of technical, operational, 
regulatory, or cost considerations, alternative mitigation measures 
would be considered. Such measures would include: 1) recovery, analy
sis, and curation of data from significant sites; 2) documentation of 
historic structures prior to their removal or demolition; and 3) con
struction monitoring. 

5.1.9.2 Paleontological Resources 

Paleontological resources are defined as fossiliferous localities that 
provide important and unique data pertaining to sequences and circum
stances of evolutionary biology and geological processes. Under the 
Antiquities Act (16 USC 431-433), the DOE has a responsibility for the 
protection of paleontological resources discovered during SSC precon
struction, construction, and operations, as prehistoric properties. 
Paleontological resources are nonrenewable and possess important scien
tific a;1d educ at i ona 1 va 1 ues. Important resources are those whose 
scientific importance have been demonstrated in the scientifit litera
ture pr thos~ whose rarity, uniqueness, or other characteristics may 
make them the subject of future scientific study. In general, there are 
no Federal regulations that govern the management of pa1eonto1ogic.al 
resources .. 

Paleontological resources have been identified based principally on 
i riformat ion provided in the state proposa 1 s. Data vary for each state 
dependicg on the level of research and recording previously undertaken 
within and near the proposed site. In some cases, further research may 
be desirable to assess the potential of certain geologic strata to 
produce important and unique fossil materials. 

A. General Comparisons of Proposed Sites 

The stratigraphic sequence within the proposed Arizona project area is 
not generally c.onducive to pa1eoritc1ogica1 preservation. However, if 
fossils are present, they are most likely to occur in younger fanglom
erate exposures. At the proposed North Carolina site, paleontological 
remains are not expected to be extensive in the project area and are 
unlikely to be encountered during construction of the SSC. 

Paleontolo11.ical resources are more likely to occur at the Colorado, 
Illinois, and Michigan sites. At the proposed Colorado SSC site, it is 
likely that paleontological materials would be discovered during con
struction activities; fossil materials have been found elsewhere in 
Colorado in many of the geological strata present within the project 
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area. At the proposed Illinois SSC site, fossil remains are known to be 
present from the Quaternary strata. Many of the potential locations of 
paleontological materials at the site have been examined. At the pro
posed Michigan SSC site, there have been a large number of fossil dis
coveries within and near the proposed project area. Stud·ies performed 
for the Michigan site proposal verified the existence of fossils in 
several stratigraphic contexts. 

little is known about the likelihood of encountering fossil remains at 
the proposed Tennessee and Texas SSC sites, although occasional fossils 
have been located in the geological strata present at these sites. 

B. Definition of Impacts 

Direct impacts could result from actual disturbance of an important and 
unique paleontological resource during preconstruction, construction, or 
operations. Disturbances of this kind could occur within facility con
struction zones and areas of ancillary activities such as access roads, 
utility rights-of-way, storage yards, parking areas, assembly areas, and 
project field offices. 

Indirect impacts to important pa 1 eontol ogica 1 resources sometimes result 
from the general intensification of land use activities in the area sur
rounding new development. Population growth and greater accessibility 
due to improved roads and other facilities may result in nonprofessional 
excavations of fossil localities and other forms of disturbance and 
destruction. Further, patterns of land use on nearby nonproject la.nds 
may change. The indirect impact area would vary with each proposed site 
depending on site location and existing land use patterns. Zoning and 
local land use plans are under the control of local governments. 

Cumulative .impacts to paleontological resources sometimes occur during 
periods of regional intensification of development. As a result, a non
random distribution of fossils becomes vulnerable to disturbance and 
data loss. Ir.tense development of a region can result in a dispropor
tionate loss of fossil types and their concomitant data. 

C. Mitigative Measure$ 

Prior to construction at any of the proposed SSC sites, further 
paleontological field studies·and evaluations should be completed, as 
necessary, for portions of the proposed project areas where paleonto
logical localities are likely to occur. Paleontological evaluations 
could be included as part of the geological testing program during 
preconstruction. 

Mitigation planning at the selected SSC site could provide for the iden
tification of those construction areas which would require professional 
monitoring during ground-breaking and drilling procedures. Procedures 
would be developed for scientific recovery and documentation upon dis
covery of important and unique fossil materials. 
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Mitigation planning should allow the possibility that important and 
unique fossil remains may be uncovered during construction. Profes
sional recovi;ry of the materials and recording other ~cientific data 
might. be necessary. 

5. l.10 Scenic and Vi sua 1 Resources 

Scenic and visual resource assessments for the seven proposed siles are 
presented in detail in Appendix 16 and are summarized belO\~. The 
description of project features has b<?en c!rawn from Appendix 1. The 
purpose of the assessments is to identHy ;md evaluate the impacts on 
the aesthetics of the landscape at the proposed sites because of project 
preconstruction activities, construction, and operations. Table 
5. l.10 -1 shc1's the vi sua 1 impacts associated with speci fie project 
facilities for the seven sites. Key terms for understanding this table 
are defined as follows: 

• 
o Visual impacts - Those impacts which occur when an action 

results in a physical change that, relative to the character 
of an area, appears out of place, discordant, and/or 
distracting. 

o Significant - Visual impacts which result in a perceptible 
reduction of scenic/visual quality that lasts for more than 1 
year and is seen from moderately to highly sensitive viewing 
positions. 

o Negligible - Visual impacts which result in no perceptible 
reduction in scenic quality, as seen from moderately to highly 
sensitive viewing positions; those impacts lasting for less 
than 1 year; or those seen only from viewing positions low in 
sensitivity. 

o local scope - Those impacts on views from travel routes and 
areas primarily of local importance, such as city parks, 
residential areas, or locally designated scenic routes. 

o Regional scope - Those impacts on views which are important to 
I} the county er State, such as State parks, forest preserves, 
recreation areas, or county parks; or 2) the region, such as 
public lands managed by the BLM. 

o National scope - Those impacts on views which are important at 
the national level, such as those from nationally designated 
parks, scenic trails, and designated wilderness areas. 
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Table 5.1.10-1 (Cont) 

VISUAL IMPACTS 

-----------------
Spt.>eific 
ln:pact 

F8 

f9 

K610 

Substation· IJ2 

Cut/Cove~ll 

Phase 

Const/ 
Oper 

Const/ 
Oper 

Const/ 
Oper 

Const/ 
Oper 

Const 

1. Const = Construct ion in~act 
2. Oper : Operations impact 
3. Sig "' Significant 1mpact 
4. t.l~g "' Negligible i~act 
5. Natl =National scope 
6. Reg =Regional scope 
1. local~ lo~al scope 

AZ 

Sig 
Reg 

Sig 
Reg 

8. Intermedic.te access facilities 
9. Sector service areas 
10. Experimer.tal halls 
11. Cut-and-caver area 

co• IL Ml 

Sig 
local 

Sig 
local 

' 

NC TX 

Sig 
local 

Sig Sig 
Local Loe.; 1 

*No s~enic or visual resource impacts would occur at the proposed Colorado site. 
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The assessments focus on the long-term visual impacts of the proposed 
project. Preconstruction activities important to scenic and visual 
resources are limited to test drilling which would result in visual 
impacts lasting a few weeks. Because of their transitory nature, these 
impacts are not discussed further. 

Construction impacts ir.clude the appearance of cut-and-cover slopes; 
cleared areas before they are revegetated; excavated areas prior to 
construction; temporary roads and utilities; stockpiles of dirt, sand, 
and gravel; spoils disposal areas; equipment yards; and temporary con
struction buildings. Of these, only the clearing of vegetation and the 
disposition of spoils materials have the potential for long-term impacts 
on specific views. It is assumed, under a conservative worst-case scen
ario, that the inten~ity of impacts on specific views caused by con
struction would, though short term, be at least commensurate with the 
visual impact caused by the related surface facilities being built. 
Construction would be out of character within sensitive public views; 
vegetative clearing would be extensive, and the clearing could be fully 
utilized for laydown, equipment, and materials storage, temporary con
struction buildings, etc., and the mo1•ement of personnel and equipment, 
traffic, dust, etc., would further draw attention. Therefore, the 
intensity of impacts caused by construction and operations are considered 
approximately equal. 

It is the operations phase of the project which has the greatest poten
tial for long-te1m visual Impacts. The features of project operation 
possibly affecting scenic and v·isu'll resour·ces are those surface facili
ties occurring within moderately to hi9hly sensitive public views. Many 
of these facilitiE:s would occur within ·1~i1ds to be acquired by the 
Federal Government as part of tha land 1cq:1lsttlon program (e.g., the 
campus, injector, and the near and far clusters). With acquisition of 
properties in such area;,, many of those wlrn would be affected are to be 
relocated and the question of local public sensitivity to visual Impacts 
would be lessened. Except for the Arizona site, the buffer of acquired 
land for the campus and injector areas ·o1ould be such that the nzarest 
sensit.ive viewing positions would not irclud~ SSC structurP3 wit~in 
thes-~~ o~·eas. For the Arizona site, distunt vi2 •. ·-.~:: from th~ crest and 
slopes of the southern Maricopa Mountains wculd !11clude the campus and 
injector facilities. 

Consequently, the analyses have concentrated mDslly on the sector s0r
vice areas (F sites), Intermediate access facilities (E sites), experi
mehtal facilities (K sites), and transmission lines and substations, and 
cut-and-cover areas for tha ri~g (only occurring at the Arizona site). 
In genera 1, sector service areas and intermediate access facilities 
would be the project features of conccern. These facilities would occur 
around the collider ring and their industrial appearance would be incon
sistent in several contexts, such as residential and recreational areas. 
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5.1.10.2 Assessment Methodologies 

The affected environment has been described in terms of the regional and 
local character of the physical settings in which the facilities are 
sited (visual character) as well as the levels of visual sensitivity 
ascribed to affected views. The visual impact of the project was 
assessed as to whether the project would appear uncharacteristic of its 
setting and, if so, how noticeable it may be. 

The noticeabil ity of a visual impact depends on project features, and 
their context and viewin.g conditions (angle of view, distance, primary 
viewing direction). Four levels of visual impact intensity may occur. 
These are termed "Visual Modification Classes" (VM Classes). Note that 
the VM Classes defined below are similar to, but modifications of, U.S. 
Department of Agriculture, Forest Service (USDA-FS) Visual Quality Objec
tives (VQOs) (U.S. Department of Agriculture, Forest Service 1974) and 
U.S. Department of the Interior, Bureau of Land Management (USDl-BLM) 
Visual Resource Management Cl asses {VRM Cl asses) {U'. S. Department of the 
Interior, Bureau of Land Management 1978). 

o VM Class 1 - Not noticeable: changes in the landscape are 
within the field of view but generally would be overlooked by 
all but the most concerned and interested viewers; they gen
erally would not be noticed unless pointed out {inconspicuous 
because of such factors as distance, screening, low contrast 
with context, etc.). 

o VM Class 2 - Noticeable, visually subordinate: changes in the 
landscape would not be overlooked (noticeable to most without 
being pointed out); they may attract some attention but do not 
compete for it with other features in the field of view. Such 
changes often are perceived as being in the background. 

o VM Class 3 - Distracting, visually codominant: changes in the 
landscape compete for att,ention with other features in view 
(attention is drawn to the change about as frequently as to 
other features in the landscape). 

o VM Class 4 - Visually dominant, demands attention: changes in 
the landscape are the focus of attention and tend to become 
the subject of the view; such changes often cause a lasting 
i.mpression of the affected landscape; memorable. 

Views of the following areas were considered to have high sensitivity: 

o Designated areas of aesthetic, recreational, cultural, or 
scientific significance, including national, State, county, 
and community parks, recreation areas, and' historic districts, 
such as the following: 
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Nationally designated parks, historic sites, memorials, 
recreation areas, reserves, wilderness areas, scenic 
trails, wildlife refuges; points of scientific interest 
to the public (such as geologic sites); rest areas, 
visitor information centers, and scenic overlooks along 
Federal highways. 

State-designated parks, historic sites, reserves, recrea
tion areas, coastal zones, beaches, points of scientific 
interest to the public, scenic overlooks, rest areas, and 
visitor information centers along State highways, and 
developed recreation sites. ' 
Designated county and regional parks, recreation areas, 
reservoirs, and beaches. 

Designated community and city parks, local picnic areas, 
botanic gardens, areas of local historic significance, 
open-space areas protected by local planning documents 
against visual modification. 

o Areas or sites of cultural/religious importance to Native 
Americans (as defined in Appendix 15). 

o Nationally or State-designated scenic highways or roads • 

. o Resort areas. 

o Residential subdivisions (large- or sma"ll-lot), country estate 
subdivisions (lots greater than I acre). 

o Travel routes, such as roads, rail lines, trails, bicycle 
paths, and equestrian trails, serving primarily as access to 
highly sensitive areas. 

Views of the following areas were considered to be of moderate 
sensitivity: 

o Segments of travel routes near highly sensitive use areas of 
interest, serving secondarily as access to those areas, but 
predominantly serving other de st i nations. Views seen while 
approaching an area of interest may be closely related to the 
appreciation of the aesthetic, cultural, scientific, or recre
ational significance of that destination. 

o Rural residential areas and roads primarily serving as access 
to them. 

o Undesignated but protected or popularly used or appreciated 
areas of aesthetic, recreational, cultural, or scientific 
significance at the local, county, or State level. 
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o Highways or roads locally designated as scenic routes, or 
informally designated as such in literature, road maps and 
road at lases. 

o Travel routes, such as roads, trails, bicycle paths, and 
equestrian trails, that serve primarily as access to protected· 
or popularly used undesignated areas important for their 
aesthetic, recreational, cultural, or scientific interest. 

o Religious facilities and cemeteries. 

o Travel routes serving secondarily as access to moderately 
sensitive areas. 

o Farmsteads, or groupings of fewer than four residences. 

o Industrial research/development, institutional, commercial, 
and agricultural use areas. 

Conclusions about the potential visual impact of SSC facilities have 
been made by: 

o Identifying key viewing positions. These are the moderate to 
highly sensitive viewing positions which would be affected by 
the project. Field analyses were conducted to identify which 
views would be most exposed to the project. 

o Assessing project visibility relative to key viewing posi
tions. Visibility has been assessed by field inspection. In 
most cases, whether or not project features would be visible 
was obvious. Where there was some uncertainty, 1 ine-of-sight 
analyses using U.S.G.S. topographic data were conducted. The 
effect of deciduous vegetation in screening project features 
is uncertain due to the analyses having been done in the 1ate 
spring. Best professlona·1 judgment was used concerning screen
ing during the winter. 

o Assessing the VM Class for the impacts on the selected views. 
Photographs of facilities similar to those proposed by the SSC 
project served as the ba~,is for assumptions concerning the 
character of the faci.lHies, due to the conceptual level of 
the design to date. Also, field review of similar facilities 
was conducted. The assessment of VM Class was done according 
the best professional judgment based on such factors as view
ing distance, angle of view, vegetative screening, and viewer 
orientation (primary direction of view). 

5.1.10.3 Impact Assessment and Cpmparison of the Alternatives 

The visual impacts expected at each site are compared in Table 5.1.10-1. 
Apart from the Arizona site, with few exceptions the visual impacts 
summarized stem from siting project facilities close to residential 
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subdivisions or rural residential areas. In only two cases would recre
ational areas be impacted, while in four cases the visual setting for 
religious facilities (churches and cemeteries) would be altered. 

The industrial-yard character and large scale of the sector service 
areas, buildings, and tank farms are incongruous with the character of 
residential neighborhood and country residences. In some cases, even 
the small intermediate access area building, which would appear similar 
to a warehouse or utility enclosure, would be inconsistent. This would 
be the case where this facility is sited in or near subdivisions, where 
residential character is relatively uniform and there is no mix of land 
uses. Rural residential areas, however, are often associated with out
buildings or are near farmlands and pastures where utility sheds are not 
uncommon. Here, the access areas would usually go unnoticed. 

Concerning recreation areas, project facilities are inconsistent with 
the natural scenic qualities usually associated with outdoor recreation. 
Any structure can appear out of place in such a context. 

Relative to religious facilities, stability, sense of peace, and a con
templative atmosphere are assumed to be key to their context. These 
qualities are often reflected in the visual character of their environs 
and would not be compatible with industrial features. 

A. Arizona 

Visual impacts stem from the fact that the site appears predom"inantly 
natural and any structures would seem out of place across most of the 
site. Not only do service areas and one experimental facility affect 
views, but the small buildings of the acces.s areas may also affect 
views. In addition, the sparse vegetation, combined with the 
elevational differences across the site, yield open, distant, and 
panoramic views potentially capturing project facilities, eV'en at 
substantial distances. 

For this site, the sensitive views affected are those from dispersed 
recreation areas and trails within or adjacent to three BUI Wilderness 
Study Areas (WSA), the vicinity of one historic travel route, and 
informally designated camping areas. The impacts on views from the 
Wildernes~ Study Areas and the recreation sites and trails outside the 
WSAs wo~ld be regional in scope, because of the importance of these 
resources to residents of the greater Phoenix area. · 

The viewing positions considered key are those from which the project 
could be seen and, for the most part, which are moderately to highly 
sensitive. For the Arizona site, these are: the Butterfield Stage 
Route; the jeep trails and primitive roads that serve primarily as 
access to it; and the higher elevations of the Maricopa Mountains and 
interior canyons and wash areas traveled by off-road vehicle users and 
hikers. 

The impacts for the Arizona site have been assessed relative to specific 
facillties, starting in the upper arc and moving counterclockwise. 
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F7: The potential visual impact is classified as VM Class 2, 3, and 4; 
highly sensitive views affected; potentially long-term significant impact; 
regional scope; mitigable to a level of insignificance, but possibly not 
before 5 years. A jeep trail that accesses the Butterfield Stage Route 
passes near this facility; brief views of F7 would be available from 
this trail, the facility appearing out.of place and noticeable. Those 
hiking in the vicinity could not avoid seeing F7 and the paved access 
road, especially from higher points along the mountain slopes and ridges. 
The facility could draw attention to the point of being distracting 
(codominant, VM Class 3) or the focus of attention (dominant, VM Class 4). 

Mitigation measures that should be evaluated during detailed design 
include the following: the access road alignment could be curved to 
prevent a line of sight along it toward F7. All of the road, or at 
least the part in view, could be paved with a material matching the 
sand-colored desert floor. A blending color should be chosen for the 
buildings, and landscaping and screening should be considered. The 
building could be sited below grade. 

E7: The potential visual impact is classified as VM Class 2; low 
sensitivity for affected views; but inconsistent with BLM management 
direction; potentially long-term significant impact; regional scope; 
mitigable to a level of insignificance at project completion. A dirt 
road dead ends about a mile from the facility and the one-story building 
planned for the facility has potential for impact. 

Mitigation measures may successfully mitigate the impact of E7 and 
should be evaluated during final design. These include siting below 
grade, landscaping, and berming. 

F6: The potential visual impact is classified as VM Class 3; relative 
to the Butterfield Stage Route, high sensitivity; inconsistency with BLM 
management direction;,potentially signific~nt impact; regional scope. 
Relative to jeep trails to the west, low sensitivity but potentially 
significant impact because of inconsistency with BLM management direc
tion; regional scope. Not mitigable to a level of insignificance. This 
facility could be visible from adjacent jeep trails near the Butterfield 
Stage Route. 

As mitigation, the following are among the measures to be considered 
during final design to reduce the visibility of F6; these include several 
of those suggested relative to F7: providing for the first story of the 
buildings to be below grade; berming around at-grade facilities; using 
color effectively to blend the buildings with the monochromatic hills; 
and the avoidance of highly reflective materials. However, because of 
the elevation of the site, F6 may remain noticeable, but should be sub
ordinate to natural features (VM Class 2). The impact, though lessened, 
would still have potential for significance. 

f§.: This area would have no impact. A jeep trail accessing the Butter
field Stage Route passes within 0.5 mi west of E6 at an elevation about 
30 ft lower than this facility. The slope between the road and E6 is 
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gradua1, being about I percent, so appeai·s essentially flaL There are 
no intervening landforms, but the relatively level line of sight to the 
one-story facility is blocked by shrubs- There would no visual impact. 

K§_<;_ndj:_ut-anc1:1i>ver Area B: The potential visual impact is classified 
as VM Class 4; highly sensitive viewing positions; inconsistent with BLM 
r.ianagernent direct-ion; potentia11y si\lnificant impact; regional scopP not 
Mitigable to a le;el of insignificance. A jeep trail connecting wit~ 
Maricopa Road passes within !,ODD ft of K& and crosses cut-and-cover 
i\rea B. 

Spectflc meas~rts shculd be considered during final design. KG is so 
dose to the trail that no measure could make it unnoticeable_ The 
cut-ar.d-caver uea in time could feasibly be revegetated in this vicin
ity whh the US<" of plants salvaged from the area prior to excavation, 
hydroseedlng, and drip irrigation. 

fjh_f4._FL_EL _t;J_,__(£_,_ _ _filld Ef_: The potentia·1 visual impact is classi
fied as VM Cl?s:; 4: low-sensitivity viewing positions; inconsl~tency 
with P-1.M t11anag~ment 1;\Jjectives; sig11ificant impact; regional scope not 
mitigable. Facilities E2, ES, F4, E4, F3, and E3 would be in the 
general vicinity of Interstate 8 but would not be noticeable from 
Interstate 8 and would have no impact. · 

f2 is too close to t~e highway to completely mitigate its impact. None
theles!, for this and the other facilities noted, design details, siting, 
selection of materials and colors, and screening should be considered in 
O"der to minimize visual impacts vis a vis views from the highway and 
n<!arby SLM lands. Specific mt-asures to be taken- should be evaluated 
during final destg~. · 

fampu~nd I~Jectar: The potential visual impact is classified as VM 
Class 2 to 3; high sensitivity viewing positions; potenUally signifi
cant impact; regional scope; not mittgable. 

The campus and injector could be within views from the higher elevations 
of the southern Maricopa Mountains at distances ranging from 4.5 to 10 mi. 
from the northern Maricopa Mountains higher elevations, viewing positions 
would be over 10 mi away. Possibly, views from the closest ridges of 
t~e southern part of the range would be affected; the aggregate of the 
facilities would be distracting to dominant in ti;e currently bndeveloped 
SE;tting tVM Class 3 to 4). Given the Wilderness Study Area {ilSA) desig
nation for these mountains, views from their flanks and ridges are con
sidered highly sensitive. The impact would be significant but would 
o.ffect very few recreat i oni sts. BLM visual resource management objec
tives for the campus and injector areas call for VRM Class IV {a high 
level of change in the landscape is permissible). Therefore, the campus 
and injector facilities are not lnconsiste~t with BLM plans and policies. 

The campus and injector facilities cannot be screened from view from 
e.ievated positions along the Maricopa Mountains. Architectural design 
and treatment and the choice of muted colors and nonreflective materials 
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of construction to blend the structures with the desert should serve to 
reduce project contrast and noticeability. Measures to be taken should 
be evaluated during final siting and design. 

~poils: The potential visual impact is classified as VM Class 2 to 3; 
high··sensitivity viewing positions affected; regional scope; possibly 
mitigable in the long term. 

Arizona has proposed four alternatives for disposal of spoils: Three of 
the alternatives would pose no visual impacts; these involve dispersal 
at distant mines or use as building material in the•Phoenix area. How
e\'er, one alternative is to spread t.he material across 1 mi2 to a depth 
of I ft within the injector area. It is assumed that the material would 
be sterile and that plants would not grow there. The scar would, in 
this case, persist indefinitely. It would be seen from the southern 
Maricopa Mountains from points along the slopes and ridges. Alone the 
scar would ~e noticeable to distracting (VM Class 2 to 3). Coupled with 
the structures of the campus and injector, it would reinforce t~e domi
nance of the facilities. The affected views are highly sensitive and 
regionally important. The impact would therefore be significant and 
regional in scope. 

As a mitigation, during detailed design, the feasibility of scraping the 
veneer of topsoil from the disposal site and stockpiling it should be 
considered. Subsequent to spoils disposal, spreading the topsoil over 
the site may facilitate revegetation. Eventually revegetation may 
reduce the impact to a negligible level. 

8. Colorado 

Colorado is shown as not being visually impacted by the proposed SSC 
because there are no moderately or highly sensitive views in the affected 
areas, i.e., there are no indications that the public would be appre
ciably concerned over the introduction to the landscape of features 
incongruous with the established agricultural character. The region is 
sparsely settled ranch- and farmland with no recreational sites or 
designated points of aesthetic, cultural, or scientific interest, resi
dential areas, or scenic travel routes. 

C. Illinois 

In Illinois, the possibility of visual impacts on views from residential 
areas is particularly great because of the urbanization of much of the 
project site and its vicinity. Views from six subdivisions and one 
rural residential area would be adversely affected. The expected impacts 
would be important only at the local level. However, much of the site 
is characterized by such a mix of land uses that no identifiable charac
ter exists and there would be no visual impacts. Elsewhere, farmland 
prevails and sensitivity is low. The expected impacts for the Illinois 
site are assessed below starting with El and working clockwise to F9. 

El: There would be no visual impact. Views have been compromised by 
earlier land decisions. 
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[~: There would be no visual impact. Trees along the Virgil Gilman 
Trail block views of the facility. 

F2: The potential visual impact is classified as VM Class 4; highly 
sensitive views affected; potentially long-term significant impact; 
local in scope; mitigable to a level of insignificance; indeterminate 
period before mitigation is effective. 

This facility would occur in a field surrounded by an existing subdivi
sion. A new residential development (a Planned Unit Development (PUO)) 
is going to occur in the same field, but it is the view from the exist
ing homes that is of concern. 

Mitigations are available. If the site is within the PUD and not bet11een 
it and the existing residences, no further mitigation would be needed. 
It would be screened by the new homes. If not, earth berms, landscaping, 
selecting appropriate building materials and colors, and architectural 
treatment would be considered. 

E3_: This area has no impact because of industrial scale structures in 
the area. 

E4: The potential visual impact is classified as VM Class I; negligible 
impact; local scope. 

Facility E4 would be about 400 ft south of a small cemetery on a. par
tially wooded knoll. A farm is sited across the road to the west and 
there are extensive open fields to the north and south. The facility 
would be paTtially sci·eened from view by fencerow plantings at the ceme
tery's southern edge, which help to partially enclose it, lending a 
s•,nse of privacy and an inward orientation. The alignment of the road 
occessing the cemetery is east-west, which does not encourage views to 
the south toward E4. These factors sug-;iest that E4 would not be espe
ri ally noticeal>le from the cemetery. Moreover, if the structure should 
be :ilimf)sed, there is a row of large lattice-structure transmission line 
lo"lu·s directly south in line with views toward it from the knoll. 
Tt.e~e larqe industri-ll-like structtires command ~tte11tion and would dwarf 
the one-story building proposed, by comparison gr<?arly overshado•ding its 
impact. It is concluded that E4 would go urmoticed by most people visit
ing th"' <:emetery (VM Class 1). This ~;ould be a negligible impact of 
local sope. 

f§_;_ The potential visual impact is classified as VM Class 4; moder·ately 
sensitive views affe"cted; potentially long-term significant impact; local 
scope; possibly mitigable to a level of insignificance in the long term. 
This facility is located as close as 1,000 ft from an area of scattered 
rural residences (moderately sensitive). 

As a mitigation, during final detailed project design, several measures 
should be evaluated. The use of landscaped berms could screen the 
facility from view, as per recommendations for concealing F2. Archi
tectural treatment could provide structures compatible with the rural 
character of the area. 
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~: The potential visual impact would be classified as VM Class 2 and 
4; moderately sensitive travel route; highly sensitive public use area; 
potentially significant; local scope; impa<;ts on residential views miti
gable to a level of insignificance in the short term; impacts on road
based views may be mitigable in the short term. 

The service area would be adjacent to Dauberman Road in a field and 
between two farms. The closest farm is less than 1/8 mi to the north; 
the other is about 1/3 mi to the south. Views from these farms are · 
considered to be 1011 in sensHivity. However, a subdivision lies to the 
north and northeast. Twenty-two of the homes in this subd'lvision would 
be w'thin the fee simple area of the Far Cluster and families living 
there v:ould be relocated. The remaining homes closest to the FS site 
wmild be about 1/4 mi to the northwest. The facilities of this site, at 
the viewing d.istance involved, would not go unnoticed from the resi
dences. It is assumed that the farms noted would be removed. Such 
removal would leave f5 more obtrusive than would be predicted than if 
they were to remain. The FS facilities would be the only structures 
between the re.sidences and Dauberman Road to the southwest. 

Farms in the vicinity that would remain have structures that are sub
stantia11y larger than those of the F5 facilities. At the viewing dis
tance involved, and. given the· open sweep of the available views, F5 
would probably be vis•Jally subordinate to other features· (homes, farms} 
that are clo$er. The predicted visual impact would be VM Class 2, 
which, for the highly sensitive views affected, would be considered 
significant. 

Views from Dauberman Road would also be affected. This road is a pri
mary access to the subdivisions noted, although it serves other desti
nations as well. The turnoff to. the subdivision is about 1/4 mi north 
of fS. Sensitivity for the part of Dauberman Road opposite the F5 site 
would be moderate, based on tne criteria fer sensitivity. Views toward 
FS would be domioated by the f~cilities there (VM Class 4). The impact 
would be significant. 

The impacts no.ted would be important to the residents in the immediate 
area and, therefore, are judged to be local in scope. 

As mitigation, design measures described in relation to F2 and F7 should 
be considered during detailed project design. These measures could con
ceal the facility (landscaped berms, muted colors, etc.). The time 
required for screening to become fully effective would be substantial, 
relative to view.s from the residences, given the distance involved. The 
combination of berms and plantings would. have to equal the height of the 
buildings. Views from the road could be more quicldy screened, depend
ing on the set.-back. from the road for the facility versus that for the 
planted berms. Therefore, it is estimated that impacts on views from 
the residences could not be fully mitigated by screening in fewer than 5 
years ( 1 ong-term impact), while those on views from Dauberman Road may 
be mitigable in the short term. 

1CHP5'l3368859 EIS Volume I Chapter 5 

225-775 0 - 80 - 16 (l} 



Environmental Consequences and Mitigative Measures 5-212 

If technically possible, it would be effective to site FS closer to the 
existing farm 625 ft to the north and the farm structures left intact. 
The farm buildings may be sufficient in size to block many residence
based views of F5. In addition, architectural treatment, such as that 
suggested by the state of Illinois, might provide a barn-like appearance 
to the two-story structures, reducing the visual contrast of the FS 
structures with their agricultural context. This latter measure may be 
most successful relative to the cornp;iratively distant views from the 
residential area, rather than those from the road, which invite closer 
attention. If successful, the impact on residential views may be miti
gated upon completion of construction. The success of architectural 
treatment relative to views from the road can only be as~essed during 
final design. 

E7: This area has no impact because it is already screened from view. 

F7: The potential visual impact is classified as VM Class 4; highly 
sensitive public use area; moderately sensitive travel route; poten
tially significant; local sc0pe; mitigable to a level of insignificance 
in the short term. This sr;rvice c.rea would be in a field directly 
across from a residential sutx!"lvisicn in an area where there are several 
such developmi;nts. Views fro1~ the adjacent subdivision and the road 
accessing it (Empire Road) ~re cf conc;,rn. The road is the only access 
route to these homes, bl!t ~erves other destinations as well; views from 
the read are considered to be modt1';;;tely sensitive. The proximity of F7 
to the road and the nearby residences is such that it would dominate the 
local v·iews (\IM Class 4). T<;core is U"~ potential for significance, but 
at a local level. 

l\s mitigation, certain desi\jn rne,EHrzs described in relation to F2 
should be cor.sidere.d during drtailsd project de:;ign. These measures 
could concea·r the facil Hy (la!idscap;::d berms, ~1:.1ted colors, etc.}. The 
entire field ir1 w:1i(.!i F7 is fo,:~ted could be purcha$ed as a buffer zone. 
Concerning the state's prcp(;sed archit!?ct:;rul treatment of service areas 
to simulate form shuctur<>s, t~,·~•·e <:re !'"£,sldva·1 farms in the general 
area. Farm strw~tures at this $ite wo•.11d he compatib);; with the general 
context. 

_ES: The potential visual imp3ct is classified as VM Class 4; highly sen
sitive pu!)l ic use area and road, moderately sensitive road; potentially 
significant; local scope; possibly mitigable to a level of insignifi·· 
cance, but not in the short term. 

This intermediate access faci"I ity would be sited 0.2 mi from a develop
ment of new, expensive homes, the closest of which have been sold 
already. The one-story building would be fully in view from these 
homes, being 500 to 700 ft north of the entrance to the subdivision. 
Because it is near the entrance, it could not escape attention. It 
would be comparatively small but not compatible with the area features. 
However, at the viewing distance involved from the homes, the facility 
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would be noticeable but subordinate to other features in view (VM Class 
2). Those exiting the subdivision and turning north would pass by the 
facility at close range, and it would dominate views from the road (VM 
Cla~s 4}. Sensitivity for views from the homes and the interior sub
division road is high. For Denke.r Road, which also serves other desti
nations, sensitivity is moderate. The.re is potential for significance, 
but only at the local level .{VM Class 4). 

Mitigation, including screening with vegetation, should be evaluated 
during final project design. The structure should be set as far back 
from the street as poss.ible and screened on all sides with dense ever
green plantings, mixed with deciduous species for variety. It is not 
certain that full screening would be possible because of its exposure to 
sensitive views on three sides. It would help to curve the site access 
road so that plantings could eventually cut off views directly along the 
road. It might require more than 5 years to achieve· full screening. 

FS: Potential visual impacts would be classified as VM Classes 2, 3, 4; 
moderately sensitive public views from travel routes affected; negli
gible and potentially significant; local scope; mitigable to a level of 
insignificance in the long term. 

Facility F8 would be sited just east of the junction of Bolcum Road and 
Randall Road within a new subdivision currently under construction. 
Presently, only two of the homes in this project are occupied. The 
facility would also be in view from Bakers Acres, a new subdivision just 
under 1/2 mi to the southwest. Only two homes there are occupied. Sub
divisions under construction with fewer than four homes occupied are 
considered to be low in sensitivity (Section 5.3.13.3.B). 

Randall Road carries a considerable volume of traffic and serves secon
darily as access to established subdivisions in the area, the closest of 
which abuts Red Gate Road on its south side near Randall Road. Portions 
of travel routes close to highly sensitive use areas serving secondarily 
as access to them are considered moderately sensitive. This classifi
cation would apply to views from Randall Road, approximately from FS 
south to the rise 1500 ft south of Red Gate Road. 

Similarly, views from Red Gate Road east of Randall Road would be 
moderately sensitive. That road secondarily serves as access to the 
established subdivision noted above and is considered to be moderately 
sensitive. 

Due to heavy vegetation and structures, FB cannot be seen from the 
referenced subdivision or from most of Red Gate Road east of Randall 
Road. From the Red Gate Road/Randall Road 1ntersection, for 100 ft to 
the east on Red Gate Road, FS would be visible at a distance of about 
1/4 mi. At this distance, FB would not be overlooked and would attract 
some attention. However, the facility would probably be subordinate to 
features closer at hand, such as the farm structures in the immediate 
foreground. Also, the direction of travel favors views to the east or 
west, not those to the north (in the direction of F8}. The impact is 
expected to be a VM Class 2. 
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From Randall Road traveling north from Red Gate Road, facility Fa would 
be in view and would progressively dominate attention as one approached 
lt. It ~muld appear out of place, not being consistent with the scat
tered residential developments in the general vicinity. The visual 
impact would be VM Class 3 to 4, depending on proximity to F8. This 
impact on a moderately sensitive view would be significant. 

The impacts noted would be important to the residents iii the immediate 
area <ind, therefore, are judged to be local in scope. 

Seveoral mitigation measures should be evaluated during final detailed 
project design. Berms and plantings, as suggested relative to F2, would 
be ineffective for rs in the short term given that the viewing positions 
include points that are 1/4 mi or more away and 10 to 15 ft higher than 
the facility. The combination of berms and plantings would have to be 
at least as high as the two-story structures to be concealed; i.e., the 
berms would have to be large <i.'1<l the plant materials mature. For 
close-in views, screen plantings and berms would be progressively more 
effective the closer the viewing position was to the facility. 

Architectural design that alters the industrial appearance of the 
structures, making them more institutional in character, would reduce 
the impact. The zoning for the area is E3, which permits police 
stations, fire stations, and public and private schools, among other 
uses. Presumably, such uses are not incongruous 1·ith residential areas. 

f9,;_ The potential visual impact is classified as VM Class 4; highly 
sensitive public use area, moderately sensitive road; potentially 
significant; local scope; mitigable to a level of insignificance, but 
probably not in Hf! short term. The pro~·._ised sHe for this facility 
would be seen '"' ;, 11 four sides by resic::C:d:s in an established sub
divisicn on Co'.Jn' 1··; Club Road. It wou·l'.i abut the road and not f.Oscape 
.attention from :•,·.:e driving by. The irc;;a:t would be the same as for 
[8. 

As mitigation. , '"!measures recommended f[:· £8 w ,1d apply to [9 and 
should be con·: .··d during final design 

!"9: No imp at i • rojected. The fac i h . · :.:.~"le 
1Grcat W2stern ·! Trail or State llia:1n ·· 64 . 
. an open field 2.,,,..~.;;d by a light industri.~·\ patk 
~f DuPage Aiq: 

~-il~ are prn., 
to dispose of ':10· 
would be assoc:!i · 
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D. Michigan 

In Michigan, rolling woodlands and fence rows around small pastures and 
croplands substantially confine views. There are no subdivisions 
affected, and rural residences are scattered and comparatively few in 
number. No recreation areas or religious facilities are affected and 
there are no designated or informally classified scenic routes. The 
predicted visual impacts would be of local scope, only affecting several 
groupings of rural residences. Seven of the proposed SSC facility sites 
range from close to moderately to highly sensitive travel routes or 
public use areas. For three of these, the project either would be com
patible with the immediate surroundings, or would not be visible to the 
point of being noticeable. Apart from the seven sites noted, the roll
ing terrain is sufficiently wooded to conceal the rest of the sites from 
any sensitive travel routes or public use areas. 

ES; The potential visual impact is classified as VM Class 2; moderate 
sensitivity; negligible impact; local scope. This facility would be 
500 ft or more east of Williamston Road in a flat, open field. Within a 
few hundred ft of the fac i1 i ty to the northwest along the road, there 
are several residences. This rural residential area is moderately sensi
tive. A gravel pit with existing stockpiles of gravel and associated 
heavy equipment are partially in view. A one-story building might be 
noticed, but would not draw much attentim~ 

FIO and Kl_; These areas are projected to have no impact. These facil i
t. ies are of concern because of a potential equestrian trail about 500 ft 
to the southeast of FIO and about 800 ft northwest of Kl. This trail 
traces the Grand Trunk Western Rail Line. In this vicinity the trail is 
depressed below adjacent fields and is lined by trees that confine views 
to the alignment 1of the trail. It is unlikely that the subject facili
ties would affect views from the trail; there would probably be no 
impact. 

Fl: This area is projected to have no impact. 

The Fl facility would be sited 300 to 500 ft west of Dunn Road behind 
Lindsay's Wrecker Service. It is mentioned here because the Robinhood 
Sherwood Forest RV Campground is 1,500 ft to the east and, because it is 
a recreational facility, is consid€red highly sensitive. Althuugh Fl 
would not be seen from the campgrou1,d, it would be visible from Dunn 
Road just before the turnoff to the r.aMrground. Given that the wrecker 
service facilities are presently in the foreground of the affected 
views, it is unlikely that the SSC service area would be considered to 
be a visual impact. The clutter of car bodies and other junk already 
present compromises the scene. 

~: The potential visual impact is classified as VM Class 4; moderately 
sensitive views affected; potentially significant impact; local scope; 
mitigable over indeterminate period, possibly over the long term. 
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Six rural residences are in the invnediate vicinity of F3, several homes 
being less than 300 ft away. Sensitivity is moderate. Given the prox
imity of the homes, the two-story buildings at the F3 site would domi
nate views from these residences (VM Class 4). The impact would be 
potentially significant to those living here {local scope). 

The following mitigative measures should be evaluated during final 
detailed design: earth berms, landscaping, appropriate building mate
rials and colors. 

E4: This area is projected to have negligible impact of local scope . 

. Substation No. 2: The potential visual impact is classified as VM 
Class 4; moderately sensitive views affected; potentially significant 
impact; local scope; mitigable, possibly in the long term. This sub
station would be in the foreground view of several rural residences 
along Covert Road and at its intersection with Ridley Road. If the 
substation is similar in siz.e and configuration to the one serving 
Illinois' Fermilab near its entrance, it would dominate attention 
(VM Class 4) and may be a concern to the immediate residents (local 
scope). 

for mitigation, the following measures should be considered during final 
design. If there is flexibility in siting this structure, it could be 
located away from the road and behind a woodlGt to the north. If not, 
plantings and/or planted berms could conceal it. 

5poit~ are projected to have no impact. The State of Michigan proposes 
to dispose of spoils by supplying it as material for commercial process
ing as aggregate fill at a quarry and by transport to existing land
fills. No visual impacts would be expacted. 

E. North Carolina 

At the North Carolina site, project features would affect view.s from two 
subdivisions, one rural residential area, roads acce~sing resicl;1ntial 
areas, a stream with recreational value, and a historic chapel. The 
affected views are locally important. 

The proposed site is a substantially forested, sparsely settled, rural/ 
agricultural area that is within 10 to 30 mi of urban areas lying to the 
south. The character of the site is consistently small-town, rural
residential, and agricultural. The industrial character of the SSC 
facilities would be incongruous in this setting. 

None of the many travel routes through the site and its vicinity is 
formally or informally designated as scenic highways or roads. Several 
secondary roads serve subdivisions or rural residential areas; these are 
considered moderately sensitive (See Appendix 5). These are State 
Routes 1601, 1004, 1602, and 1736. 
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Concerning public use areas, most are subdivisions or rural residential 
areas. Views from these would be affected by Fl, F9, EB, F7, F4, E4, 
and F3. Apart from residential ueas, there are two other sensitive 
public use areas. Webb's Chapel would be displaced by FS and separated 
from its aesthetic, historic context; and views from the Flat River, 
which supports some canoeing, may be affected by Fl. 

The expected impacts for the proposed site are assessed below starting 
with fl and working counterclockwise to F3. 

Fl: The potential visual impact is classified :i.s VM Class 4; highly 
sensitive viel-is affected; potentially sig1.ific1~t impact of local scope; 
mltigable, but not to a level of insignificante. 

The Red Mountain subdh•ision is a cluster of expensive homes sited on a 
rise within 2,000 ft of the proposed site for Fl and somewhat higher. 
Because of the thick, deciduous forest surrounding the subdivhion, 
'liews toward the facility are blocked for much of the year. During the 
winter, it may he possible to see the facility, but the views are likely 
to be substantially filtered by the trees nonetheless. It is expected 
that, if noticeable, the facility would probably attract little 
attention (VM Class 2). To a highly sensitive public, such an impact 
might yet be considered s·ignificant. It 1muld, h·:;wever, be an issue of 
l DC a 1 $(Ope. 

St&te Routes 1601, 1602, and 1736 pass within 7CO to l ,500 ft of Fl. 
These roads primarily serve rural r~sldences and are considered moder
ately sensitive. The residences are tl1cked into the wooded settings and 
the views out are prob>bly blocked in the summer and limited in the 
willter. flo~;ever, it is expected Vut th•? facility would be visible from 
the area roads noted. The proposed s'.tP. for Fl is on the side of a hill 
and abcve the s:ibj,3ct ro<ids, a fa.ctr;r tendir.g to increase its visibility. 
fl; substanti;il clNri:ig of vegetation >mtdd have to occur on the 6··acre 
sit'! for OJnstruct ion cf the fad 1 i ty s tructm-cs as we 11 as to create 
work space for other activities, such as tunnel construction. The clear
·ing en ti1~! aff<~cl<ec1 s1ope may render the far:il ity hi~hly visili1e to those 
passing hy. In the winter, the facility would t~co~e substantially mare 
visib.le. The irn!:.istri;;l scale and <ippeara;ice uf the structures would be 
in glaring contrast to the small-scalE rural residential character of 
U.e envirnns. There is the potsnti<1l for this facility to attract and 
hold attention (VM Class 4). Within the moderately sensitive road-b3sad 
views, such an Impact could be signlficint to the local residents. 

Similar to th<:> ·impJ.ct on views from roads discussed, the impact on vi2;.is 
from the Flat R\v;::r cmild be significant. local canoeists use th;; river 
(Hinton 1988) In the spring before vegetation has fully l~afed out. 
H:f:J' pass to within 2,000 ft of Fl, and the facility and clearing mi·Jht 
dominate attention (VM Class 4). The impact could be locally 
significant. 
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Mitigations. During detailed project design, the following measures 
should be evaluated. The primary mitigation recommended is to minimize 
the clearing of vegetation between the facility and sensitive viewing 
positions. In addition, landscaping with large-caliper evergreens to 
enhance screening could be effective. Lastly, design options such as 
choice of color and materials of construction to blend the structures 
with the background should be considered. These measures could sub
stantially reduce project visibility; however the facility could still 
be noticeable from roads, residences, the Flat River, and the Red Moun
tain Subdivision. The residual magnitude of the impact on all views 
would be VM Class 2. 

F9: The potential visual impact is classified as VM Class 2 and 4; 
moderately and highly sensitive views affected; potentially significant 
impact; not mitigable. 

This facility is toward the end of a gravelled road solely serving a new 
subdivision called Raney Way. The facility would be in the midst of 
part of the subdivision, which consists of 21 parcels, some of which 
have been sold already. The subdivision and the gravel road are both 
considered highly sensitive. State Route 1004 is the main road ac
cEsslng this area and is considered moderately sensitive (while pro
viding access to the subdivision, it primarily serves other destina
tions). The facility would clearly dominate views from the gravel road 
and mcst of the future residences, some of which abut the site (l/M Class 
4). The visual impact from State Route 1004 may be classified as VM 
Class 2. 

No mitigation is possible because the proposed site is in the midst of 
several affected viewing positions. 

E8: This area is projected to have negligible impact. This facility 
would be 200 to 300 ft north of a road (State Route 1139) in the 
v!cinity of a rural residential area (moderately sensitive}. The 
affect(!d views are so limited that the impact would be negligible. 

F7: This area is projected to have no impact. 

The facility would be about 500 .ft north of State Route 1302 in a rural 
residential area. Presently there is a densely forested border along 
the road. It is assumed that the forest a 1 ong the road could be 1 eft 
intact and clearing along the right-of-way for the access road held to a 
minimum. With this situation, £he Impact would be negligible. 

[~: The potential visual impact is classified as VM Class 4; highly 
sensitive resource displaced; potentially significant impact; local 
scope; not mltigable. Webb's Chapel, a restored historic structure, 
would be displaced by FS and presumably relocated. Views of the chapel 
and its surroundings, as well as views from the chapel, are considered 
highly sensitive. It is assumed that the chapel today is in its origi
nal location. Further, it is assumed that an historic structure and its 
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setting are integrally related. Separating the structure from it$ con
text represents a substantial change in the visual character of the 
chapel regardless of where it is to be relocated. Replacing it with the 
facilities of F5 would, of course, represent a change of the greatest 
magnitude (VM Class 4). The impact would be potentially significant, 
but probably on the local level. 

for mitigation, apart from displacing F5 several hundred feet, there a.re 
no m~asures that can be taken to mitigate the impact. Resiting F5 would 
require detailed technical considerations and can be considered only 
during final project design. 

f4; The potential visual impact is c1assifi1Jd as VM Class 4; ml>dentely 
sensitive views affected; potentially signHicar.t impact; local scope; 
not mitigable. The proposed site for F4 is shown straddling a roa.d and 

·abutting, or being in close proximity, to a number of rural residence.s 
in an area of residual, small farms and pastures. One structure is a 
homestead dating to 1800, including its original tobacco sheds. Sensi
tivity is moderate and this facility would dominate views from the 
residences. 

For mitigation, because of this proximity between the proposed site for 
the facility and the points from which the structures would be viewed, 
there are no feasible measures to conceal the buildings. · 

f?: The potential visual impact is classified as VM Class 2; moderately 
sensitive viewing position affected; negligible; local scope. Several 
rural residences are within 100 to 200 yds of the proposed site for E4. 
This facility would be 100 yds south of State Route 1536 in a field near 
an existing shed-like structure of similar size. Sensitivity.is moderate. 
A light-industry-like building in this location might be noticed, but 
would not attract appreciable attention. Given the occurrence of a 
similar-sized structure nearby and given that both are relatively small, 
E4 is expected to be a subordinate feature in the landscape (VM Class 2). 
The impact would be of local scope and negligible. 

f3: This area is projected to have no impact. The facility would be 
l,200 ft south of U.S. Highway 158 in a rural residential area (moderate 
sensitivity). As sited now, it would be in a thick grove of trees and 
~ould not be visible, assuming that site clearing does not remove the 
treP.s affording the screening. Siting is critical. Based on current 
proposed siting; there would be no impact. 

~poil~ are projected to be nontoxic and would impact only those areas 
used directly for spoils disposal. The State of North Carolina proposes 
to dispose of spoils at 17 differer.t locations. Fifteen of the sites 
would be 15 acres in size; the other two would each cover 20 to 45 
acres. The actual acreage of spoils disposal area at each site would 
range from 3 to 5 acres. The intent is to provide a forested buffer 
arcund the spoils. This buffer, as planned, would preclude views of the 
spoils material, and there would ba no visual impact. 
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F. Tennessee 

At the proposed Tennessee site, an intermediate access facility would be 
close to homes at the edge of a small community, and service areas would 
affect views from rural residences. The impacts would be local in scope. 
However, running through part of the Tennessee site is a State-desig:iated 
scenic highway. Past land Lise decisions have permitted mixrd act-ivities 
w!dch have compromised the scenic qualities along this rGad (junk yards, 
cm•:r:?.rcial a.nd industrial uses, residential developments). In this 
present context, the SSC facilities would not have an appreciable impar.:t. 
fl::iwevs!r, ~iting in,histrial-like project fe3tures along the road would b,-; 
inconsistent ~:ith the State's reanaqernent object·ives for the road, w~1~ch 
cal'! for not furthi;r degrading U11:o" vi<?NS. In this case, the visual 
impacts would be regional in sci;µe. 

The expected impacts are assessed below starting with F9 and working 
counterclockwise to fl. 

f,\!: The pot8ntial visual impact is categorized as VM Class 4; moderately 
sensitive v"iews affected; potentially significant impact; local scope; 
not mitigchle; long term. This facility would be sited to the west of 
Coleman hill Road in a shallow hollow behind two houses in a rural resi
dential area (moderate sensitivity). Other homes are on the east side 
of th'= r::2i. The visual i:npact wnuld be pctential'ly significant to iou.1 
residents (local scope). 

if the two homes are not removed, the impact could not be mitigated a~d 
would be 'lnng t~r1n. 

E9.~ The potential visual irr.po.c.t is categ';}ri:z.ed as VM Clas::. 2; nloderately 
s?..'.';itivc viPWS affected; negligible impact; local scope. Facility E9 
would be $ited against or behind 1 fencerow in a field less than 1,SOO 
ft north of Coleman Hill Road/Patterson Road ir.tersecticn. Several rural 
resi(!cnces-•re in the immediate vicinity of this intersection and wou-ld 
be e>poscd to views cf the fac i1 ity (moderate s<"nsit ivity). 

Mitigative measures are not reauired. The Impact would probably not be 
greater than VM Class 2. Within moderately sensitive views, such an 
impact wo111d be comparably neg·i igihle, but long term. The impact 1vould 
be 1oca1 in scope. 

F8: The potential visual impact is categorized as VM Class 4; moderate1y 
sensitive views affected; potentially significant impact; local srnpe 
mitigable in the long term. Facility ra would be about 1,500 ft south 
of Tall Ferr Road and be in the midst of, or abutting, several rural 
residences (moderate sensitivity}. The facility would clearly dominate 
views (VM Class 4). The impact would potentially be significant, but 
only to local residents (local scope). 

Mitigation measures could include screening, berming, and architectural 
treatment. 
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EB: The potential visual impact is categorized as VM Class 2; highly 
sensitive viewing positions affected; potentially significant impact; 
local scope; mitigable in the short term. Facility EB would be in a 
field about 500 ft behind a house at the northwest corner of College 
Grove Road and Drumright Road. Several homes in the small, rural com 
munity of College Grove are immediate to the site. 

Mitigation measures could include architectural treatment similar to 
other outbuildings in the area, landscaping, and screening. 

E~: The potential visual impact is categorized as VM Class I; highly 
sensitive viewing position; negligible impact; long term. Facility E3 
would be built along U.S. Highway 231/State Highway 10, a designated 
scenic highway. Sensitivity is high. No mitigation is necessary. 
Because of other structures in the area, the impact would be negligible, 
b1"t 'long term. 

F2: The potential visual impact is categorized as VM Class 4; moderately 
sensitive views affected; potentially significant impact; local scope; 
mitigable in the long term. This facility is in a rural area of pastures 
and fields and several homes. The preliminary siting is such that one 
or more of the homes abuts the boundary of the site. 

Mitigation would include screening, berming, and landscaping. 

f_l: This area would have negligible impact. 

Facility Fl is about 1,500 ft east of U.S. Highway 231/State Highway 10 
and within views from that designated scenic parkway (highly sensHhe). 
It is more apt to be seen by those traveling south than north because of 
a copse of trees to the south that probably would screen it from views 
from the northbound lane. Fl is in an area of unre 1 ated views of an 
inconsistent landscape and would go undetected. 

~oil~: One of the State's alternatives is to dispose of limestone 
spoils at 35 sites, each close to a surface facility. The impacts are 
analyzed below in the same facility order as for the preceding discus
sion. The range of mitigative measures available are presented at the 
end of this subsection. 

£~9, E8_,_..11,, _ _[:L...£1: These spoils areas would have no impact. No 
views would be-negatively impacted. 

FB: The potential visual impact is categorized as VM 4; moderately 
sensitive views affected; significant impact; local scope. Here the 
spoils would be readily seen from Tall Ferr Road and nearby residences 
and would be in the immediate foreground. The site would, by itself, 
dominate views (VM Class 4), appearing as a devegetated scar next to the 
road. 
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Mitigations for spoils disposal to be evaluated during detailed design 
include: stockpiling area topsoil for distribution over spoils to 
facilitate revegetation; screening the spoils area with landscaping; and 
tinting concrete to lower contrast of retention pond dike (assuming con
crete is used), or using an earthen dike. 

G. Texas 

At the Texas site, views from one subdivision, two rural residential 
areas, and a recreational area would be impacted. The sco~e of the 
impacts on views from the residential areas would be local in scope. 
However, one service area would adversely affect views from a lake 
s€rving as a regional recreation resource; the impact there would be 
regional in scope. The prnposed SSC facility potentially would affect 
few views. Although many of the proposed facilities would be noticeable 
to dominant, as seen from secondary roads and isolated farm structures, 
few of the affected views are !•!fficlently sensitive for the effects to 
be considered an impact. The few cases where a visual impact merits 
consideration are discussed below, starting with the upper arc and 
moving clockwise. 

F3: The potential visual impact is categorized as VM Class 2 a.nd 4; 
highly sensitive views potentially affected; significant impact; local 
scope; mitigable; duration of impact indeterminate. The proposed site 
for F3 abuts the road across from and adjacent to several residences. 
The state proposes to acq~Jire the land in this vicinity fee simple, 
which would make moot a discussion of sensitivity relative to these 
homes. However, there are a number of homes along the road serving F3 
that are to the southeast; the views from several ~/Ould include the 
facility. To the northeast there is a subdivision. Vie1~s from two of 
the residences and from the cul-de-sac at the end of the road serving 
the subdivision would include the proposed facility. 

The situation can be mitigated. During detailed project design, several 
measures should be considered. The facility can be concealed from the 
residences to the southeast and the northeast, as well as from those 
driving along the road abutting the proposed site. Berming, landscap
ing, architectural treatment, and screening can be utilized to blend the 
facility into the surroundings. · 

E4: This area is projected to have no impact. This facility would be 
2,000 ft west of State Highway 983 near a barn and within view of a 
number of residences to the south. The facility would probably not be 
noticed when viewed together with the barn structure. 

F4: The potential visual impact is categorized as VM Class 4; moderately 
sensitive views affected; potentially significant impact; local scope; 
mitigable in the long term. Agricultural lands occur around this facil
ity, with a few rural residences being about 1,500 ft southwest. An 
industrial-type facility in these lands is not consistent with the cur
rent land use. 
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As mit iga,t ions screening and architectural treatment could be employed. 
Berms would be out of place in this area. 

(5: This area is projected to have no impact. Several rural residences 
Jre about 0.25 mi west of the proposed site for KS, which abuts the road 
serving these residences. Experimental facilities are about five stories 
high, with substantial parking and ~ork areas around them. The structure 
would be readily seen from the residences noted, most of which are mobile 
homes. KS will have no adverse impact. 

F6: The potential visual impact is categorized as VM Class 3; highly 
sensitive views affected; potential for significance; regional scope; 
mitigable in the long term. Lake Bardwell and the stretch of State 
Highway 34 crossing the lake are highly and moderately sensitive, 
respectively. Facility F6 would be nearly 2 mi from the highway and 
nomin&lly in views at nearly 90 degrees away from the direction of 
travel. It is unlikely that the facility wou1d be noticed by those 
using the highway. Boaters could approach no closer than 2,000 ft to 
the facility, which would be on a peninsula. 

Mitigation measures considered for F6 include berming and screening. 

ElQ: This area would have negligible impact; local scope. This struc
ture would be within view of a church and cemetery at a distance of 
about 1,000 ft. Because of the distance and the fact that the church 
and the cemetery are considered moderately sensitive, the impact would 
not be potentially significant, but it would be a negligible impact 
relative only to the local populace. 

Spoil~: Spoils would be categorized under the worst scenario as VM 
Class 4; possibly moderately to highly sensitive views affected; poten
tial for significance; local scope; possibly mitigable. The state pro
poses that spoils consisting ·of chalk be used at a cement plant or as a 
1naterial to be used in road construction. Marl spoils may be disposed 
of in quarries or placed in landfills at currently undefined locations. 
fhe landfills may be 15 ft high and could present a significant impact, 
depending on the location. Because of the uncertainties concerning 
I ocat ion for the spoils di sposa 1 sites, a worst-case scenario is sug
•Jested: disposal in view of rural residences or subdivisions. Land
fills 15 ft high in a flat landscape could dominate foreground views 
(VM Class 4). Views from residential areas are moderately·to highly 
sensitive. Under the extremely conservative assumptions, the impact 
would be significant. 

As mitigation, it is assumed a marl landfill could be landscaped. 
Screening by vegetation would then be feasible and should be evaluated 
during final design. 
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5.2 CUMULATIVE IMPACTS AT ALTERNATIVE SITES 

Cumulative impact assessment includes both an analysis of the contribu
tion of a project to regional trends as well as analysis of the contri
bution of a project to overall regional environmental conditions. Both 
have been included, where appropriate, in the detailed assessments of 
the effects of the project presented in Section 5.1 and further devel
oped in Appendices 6 to 16. The following discussion highlights the 
major conclusions of these assessments as they related to cumulative 
impacts of the SSC project at the seven alternative sites. 

5.2.1 Regional Population Growth 

SSC-related regional population and housing impacts for each of the 
proposed sites are discussed in Section 5.1.8 of this volume and are 
summarized here as follows: 

Site 

Arizona 
Colorado 
Illinois 
Michigan 
North Carolina 
Tennessee 
Texas 

Population 
3 SSC-Related 1 

0.43 
0.38 
0 .13 
0.14 
0.83 
1.12 
0.28 

Housing 
Unit Demand2 

3,610 . 
2,290 
2,700 
1, 830 . 
4,070 
3,990 
2,700 

1. SSC-related regional population increase as a percent of 
projected future baseline population in the region without the 
proposed project 

2. Demand for housing in the region associated with in-migration 

Impacts of the proposed SSC project on regional population growth are 
extremely small. Impacts on regional housing unit demand vary by small 
increments between sites. Local impacts are expected in Fort Morgan and 
Brush in Morgan County, Colorado, and in the village of Stockbridge in 
Ingham County, Michigan, based on the existing housing market. 

5.2.2 Construct1on Mater1als 

Approximately 1.3 to 1.8 million tons of high-quality aggregate would be 
consumed by construction of the SSC project. With the exception of the 
Colorado site, the proposed sites are located near, or have access to, 
abundant aggregate resources. However, aggregate resources in the 
Denver area are not abunda.nt, and the existing permitted res~rves are 
expected to be depleted in the first decade of the next century. The 
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rapid expansion of the Denver area has both removed some resources from 
potential development and resulted in a large demand for aggregate in 
relation to the supply. The SSC will place an incremental increase in 
demand on this resource in the 1990's, and transportation of such mate
rial from outside the region may be required. 

5.2.3 Water Use 

The proposed SSC project would create an increased demand on water 
resources, both from direct project requirements and from indirect 
domestic water requirements due to region al population growth suppo1·ted 
by the SSC project. Except as discussed below; the cumulative impact of 
SSC-related domestic water requirements would be proportional to the 
SSC-related population growth identified in Section 5.2.l. Long-term 
regional impacts to water use from SSC activities largely are dependent 
on the capabilities and capacities of existing systems, and the distri
bution in the region of water users. In Arizona, SSC direct water 
requirements will be met from groundwater resources that are largely 
undeveloped. Negligible impacts would result during construction; how
ever, initiation of groundwater overdraft could result during operations 
depending on the extent of other use of the aquifer. In Colorado, 
SSC-direct water requirements would be partially met by ~urchases of 
txisting surface and groundwater allocations. In Illinois, direct water 
requirements would be met primarily by groundwater supplies that have 
the capacity to support the project. A regional overdraft exists which 
would be incrementally increased primarily by indirect water uses 
associated with the SSC in Illinois. In Michigan, both direct and 
indirect SSC water requirements could contribute to localized ground
water overdraft. In North Carolina, SSC ope rat ions would use about 23 
percent of the available excess ·capacity of Lake Butner. Water 
requirements from other water supply systems would be less than 4 
percent of current excess capacities. In Tennessee, a number of 
small-to moderately sized existing systems relying primarily on surface 
water would meet both direct and indirect SSC water requirements. If 
a 11 project requfrements ~1ere met by these sma 11 to moderate existing 
systems, it could represent use of up to 22 percent of the available 
excess capacity of the Rutherford County system. Depending on other 
demands, system exp ans ion could become necessary in several cases. Iri 
Texas, SSC-related water requirements would require only a negligible 
increased commitment of regional excess surface water supply capacity. 
A small increase to regional groundwater overdraft would also occur. 

5.2.4 Air Quality 

The mobile-source air emissions of the SSC project at any of the alter
native sites would make a small, incr.emcntal contribution of a few per
cent (see Section 5.1.3) to regional air emissions. The contributions 
of the SSC to air emissions include particulates from construction 
activities and emission of combustion products from construction equip
ment and the vehicles of construction and operations workers. In addi
tion, in-migration and secondary growth in emissions are due to a pro
portional increase in the number of automobiles operating in the region. 
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These sources make an incremental contribution to the air pollution of 
regions in which the NAAQS are exceeded. Proposed SSC sites in Illinois, 
Michigan, and Tennessee are within regions that are designated as non
attainment for ozone. Increases in pollutant emissions associated with 
the nonattainment status may result in a further degradation in air 
quality. 

5.2.5 Radiation 

Impacts from radiation produced by the SSC on the total population are 
small compared to existing background (in Michigan, for example, 0.25 
person-rem/yr from the SSC as compared to 11,000 person-rem/yr for t~ck
ground). They thus contribute cumulatively to adverse genetic and 
carcinogenic effects at a level of some 0.002 percent. 

5.2.6 Noise and Vibration 

Impacts from noise generated during SSC construction and operations will 
be limited to the areas adjacent to the project facilities which are 
dispersed around the ring at such distances that the impacts from the 
individual areas would not be cumulative. Since the impacts from the 
noise sources are of limited extent and of little consequence at more 
than a mile from the sourc~. the SSC would not contribute to general 
regional background noise 1 evel s. The impacts of the SSC on local resi -
dents will be most pronounced adjacent to service areas in rural or 
remote areas; and, if not mitigated, increased noise levels may result 
in expressions of public annoyance. In areas with existing sources cf 
noise, the SSC-generated noise impacts will be less intrusive since the 
difference between ambient and SSC-generated noise will be less. 

There are ·no known existing construction or quarrying activities in the 
immediate vicinity of any of the proposed sites which would interact in 
a cumulative manner with blasting impacts of SSC construction activities. 

5.2.7 Wetlands 

At all alternative sites except Arizona, wetland impacts could result 
from construction of surface facilities in fee simple areas proposed for 
immediate development and in areas slated for possible future expansion. 
construction of ancillary facilities could also affect wetlands. Without 
mitigation, these impacts would contribute, to varying degrees, to the 
national and regional destruction and degradation of wet'land habitats. 
It is, however, DOE p!ilicy to avoid wetland impacts wherever possible 
and to mitigate wetland loss to the ma~imum extent practicable. Given 
the successful implementation of this policy, minimal impacts to wetlands 
could be expected to result from construction. In addition, some protec
tion and preservation may be afforded to wetlands located within undevel
oped fee simple areas and thus be a benefit of the project. The following 
discussion of cumulative impacts focuses on conservative estimates of 
wetland impact that could result from surface construction activities 
without mitigation. 
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5.2.7.1. Colorado 

The Colorado site contains a number of small wetlands located largely in 
temporary stream courses and in the swales between the rolling hills. 
About 3.6 acres of wetlands could be impacted by construction at proposed 
surface facilities. An additional one acre of wetland habitat could be 
affected by construction of future expansion facilities. 

The State of Colorado has proposed to c.onstruct an access road from the 
Denver area to the SSC site. The western end of the road would be 
located a few miles from Barr Lake. Barr Lake is used by migrating 
waterbirds, including the whooping crane, and also supports a breeding 
pair and a wintering population of bald eagles. Tt.e proposed access 
road could encroach upon close to 200 acres of wetlands, although with 
proper mitigation most wetlands could be avoided. 

5.2.7.2 Illinois 

The proposed Illinois project area contains a variety of wetlands. 
Approximately 199 acres of wetlands could be disturbed by construction 
of proposed surface facilities. An additional 294 acres of wetlands 
could be affected by construction of future expansion facilities. 
Approximately 200 acres of disturbance could be ass .. iated with con
struction of ancillary facilities but the impact of this development on 
wetlands is not known because locations have not been proposed. Impacts 
to wetlands would contribute to regional degradation and conversion of 
wetlands that is occurring as a result of expansion of the Chicago 
metropolitan area. 

5.2.7.3 Michigan 

Wetlands are abundant in the Michigan project area. Approximately 
190 acres of wetlands could be impacted by construction of proposed sur
face facilities. An additional 319 acres of wetlands could be affected 
by construction of future expansion facilities. Approximately 250· acres 
of land could be disturbed by construction of ancillary facilities but 
the impacts of this development are not known because locations have not 
been proposed. Existing sources of impacts to wetlands occurring in the 
region include agricultural drainage and housing development. The pro
posed project would contribute to these other sources of impacts to 
wetlands. 

5.2.7.4 North Carolina 

Wetlands are common in the North Carolina project area. Approximately 
41 acres of wetlands could be impacted by construction of proposed sur
face facilities. An additional 98 acres of wetlands could be affected 
by construction of future expansion facilities. About 850 acres of land 
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could be disturbed by construction of ancillary facilities but the 
impacts of this development are not known because locations have not 
been proposed. Impacts from the project would contribute to degradation 
ar.d convers·ion of wetlands due to expansion of regional urban areas. 

5.2.7.5 Tennessee 

Wetlands are common in the Tennessee project area. Approximately 
38 acres of wetlands could be impacted by construct iori of proposed sur
face facilities. An additional 66 acres of wetlands could be affected 
by con~truct ion of future expansion facil "ities. About 340 a.cres of land 
could be disturbed by construction of ancillary facilities but the 
impacts of this development are not known because locatio~s have not 
been proposed. Impacts to these areas would contribute to regional 
d2gradation and conversion of wetlands due largely to agricultural 
activities. 

5.2.7 .6 Tex~2 

\iet"I ands are not comman in the Texas project area. Approximately 3 acres 
of wetlands could be impacted by construction cf proposed surface facil
ities. An add it i ona.1 25 acres could be affected by construction of 
future expansion facilities. An additional 550 acres of land could be 
disturbed by construction of ancillary facilities but the Impacts of 
this development are not known because locations have not been proposed. 
Impacts from the project would contribute to the regional loss of 
\·1et1 ands occurring from other sources of impact. 

5.2.8 Prairies 

There are seven pra1r1e remnants in the 16 township area surrounding the 
proposed tunnel alignment in Illinois which contain examples of the 
Jriginal vegetation of northern Illinois. Those remnants which are on 
non-protected lands, including waste industrial lands, railroad right-of 
'J~ys, and cemeteries, are under increasing threat of degradation or con
vsrsicn du1~ to urban grm~th. The Fermilab Prairie Restoration Natural 
Arca is a JO-year-old, 675 acre prairie restoration project. The pro
posed location of the SSC project would avoid direct impacts to prairie 
r·~mnants, and since modifications to the existing Fermilab facility 
~auld be concentrated in other a~eas, only incidental, minor impacts are 
2xpected to occur to the restored prairie. Incremental additions of the 
SSC proj2ct to r..:;:iicri~l impacts on prairie remnants would be limited to 
second<>•Y impacts due to induced population gro<1th. 

The original vegetation of the Texas site wa~ blackland prairie, which 
>ls developed into productive agricultural lands. Few, if any, remnants 
of the original vegetation remain in the proposed site region, and no 
remna11ts are k~uwn to occur at the proposed site. Should Texas be 
selected for thr.; SSC, a survey would be necessary to determine the 
presence of any relict native prairie. Consideration would be given to 

ICHP5Z336885 EIS Volume I Chapter 5 



Environmental Consequences and Mitigative Measures 5-229 

relocating project facilities to avoid any prairies detected. Thus, the 
proposed SSC project at the proposed Texas site would not contribute to 
the regional decline of this resource. 

5.2.9 Cedar Glades 

Cedar glades are a distinctive ecological resource in the region of the 
Tennessee site. These communities, which are limited to the Central 
Basin, are openings on flat limestone outcrops in red cedar or red cedar
hardwood forests. For middle Tennessee, 12 endemic species are associ
ated with cedar glades; many are state protected on Federal Status Review 
Species. Approximately 22 percent of the forested land area near the 
Tennessee site contains red cedar, and there are several glades in the 
vicinity of the proposed site. None of those known would be impacted by 
the project; however, during the preconstruction survey additional cedar 
glade areas could be ider.tiff•:-1 ~1d possibly impacted by construction of 
the project. These impacts ;wud be an incremental addition to other 
regional impacts (i.e., tree harvest and stock grazing) on cedar glades. 

5.2.10 Land Use 

5;2.10.1 Arizona 

SSC project development would probably be an important source of growth 
both in the southwestern region of Maricopa County and throughout the 
Phoenix metropolitan area. Regional and local planning agencies appear 
to be well-developed organizations, who, through their comprehensive 
planning efforts, are effectively guiding the character and direction of 
growth. It is expected that there would be some local competition for 
housing in the southwestern region, particularly as new housing develop
ments come on line in the 1990's, should proximity to work be a major 
locational factor in housing choice determination. If not, it is ex
pected that the regional housing supply would be adequate to handle both 
SSC workers as we 11 as other newcomers. As a consequence, it may be 
difficult to separate the direct effects of SSC project development from 
the general pattern of regional growth. 

5.2.10.2 Colorado 

SSC project development would likely be the most significant source of 
growth in the northeaslern Colorado region even if the Pawnee Generating 
Station, Unit II is constructed in the late 1990's. Land use patterns 
are expected to change dramatically and would challenge the regiona'l and 
local planning agencies as they manage ra·pid growth. Nevertheless, 
there is considerable local professional planning experience in managing 
rapid growth generated by large-scale projects. Even though the Denver 
metropolitan region would be the major source of support for the 
project, given its distance away from the site, little in the way of 
land use effects would be attributable to the project. 
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5.2.10.3 Illinois 

SSC project development would likely be an important, though not highly 
visible, source of growth in the urbaniz.ed Chicago region. Regional and 
local planning agencies appear to be well-developed organizations which, 
through their comprehensive planning efforts, are effectively guiding 
the character and direction of growth. It is expected that there would 
be some local competition for housing in the newly developing areas to 
the south and west of Fermilab, should proximity to work be a major 
locational factor in housing choice determination. If not, it is 
expected that the regional housing supply will be adequate to handle 
both SSC workers as well as other newcomers. As a consequence, it may 
be difficult to separate the direct effects of SSC project development 
on the region of influence from the general pattern of regional gro~1th. 

5.2.10.4 Michigan 

SSC project developm~nt wculd likely be a signifkant source of growth 
in south-central Michigan. Regional and local economic development and 
planning agencies appear to be well-developed organizations, which, 
through their comprehensive planning efforts, are effectively guiding 
the character and direction of growth. It is expected that there would 
be a certain amount of revitalization to existing population centers, 
with some attendant new growth occurring. Given the site's unique 
reliance on three large urban centers, i.e., Ann Arbor, Lansing, and 
Jackson, plus a number of smaller communities, SSC project-related 
growth would be diffused throughout the region, thereby reducing to a 
minimum any singular development pressures. 

5.2.10.5 North Carolina 

SSC project development would likely be a major source of growth at the 
northern fringes of the Research Triangle Park area of the North 
Carolina Piedmont Region. State and regional planning agencies appear 
to be well-developed organizations, which, through their comprehensive 
planning efforts, are effectively guiding the character and direction of 
growth. It is expected that there would be some local competition for 
housing along the eastern and western borders of the SSC project, should 
proximity to work be a major locational factor in housing choice deter
mination. If not, it is expected that the regional housing supply would 
be adequate to handle both SSC workers as well as other newcomers. As a 
consequence, it may be difficult to separate out the direct effects of 
SSC project development from the general pattern of regional growth. 

5.2.10.6 Tenness~e 

SSC project development would likely be a significant source of growth 
in the middle Tennessee region. The area is currently eMperiencing 
rapid change and growth as major heavy industrial and other manufactur
ing projects are realized. Regional and local planning agencies are 
meeting these challenges through their comprehensive planning efforts so 
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that the character and direction of growth can be guided effectively. 
It is expected that there would be a significant amount of local compe
tition for housing along the northern and eastern borders of the SSC 
project, should proximity to work be a major locational factor in hous
ing choice determination. If not, it is expected that the regional 
housing supply wo!.'ld be adequate enough to handle both SSC workers as 
well as other newcomers. As a consequence, it is likely to be easy to 
identify the direct effects of the SSC project locally, but more diffi
cult to trace impacts at the Nashville-based regional scale. 

5.2.i0.7 Iex_~s_ 

SSC prQj,~c.t development would likely be an important source of growth in 
the Dallas-fort Worth metropolitan region. The region supports a 
re3sonably well-diversified economy, but remains depe:1dent on the intGr
nationally set price of oil as the ecn~o~lc driver. Given current low 
oil prices. the housing market is ov.r:~i;,,,iit as a result of recent do,,n. 
turns in tne national economy. It is c-;(pected that there would be nu 
local competition in the housing market t)enerated by SSC project 
workers. Depending on the status or th,~ local economy, the SSC 
project's direct effects may not be easily separated. 

5.2.11 Prime, Unique, and Important Farm1 ands 

The removal of prime, unique, and important farmlands to implement the. 
proposed action will contribute to cum:.ilati11e impacts at any site. How
ever, the increments of removal of these soils are small with respect to 
the available soils of similar value within the regions of influence. 
There is no unique farmland that would be taken. 

The DOE has conducted consultations with the U.S. Soil Conservation 
Service (SCS). SCS calculated the portion of prime and important farm
lands which would be removed from the region's inventory if the project 
were implemented at the proposed site. The SCS also presented the 
acreage in the region which .was estimated to be of comparable worth 
(based on FPPA criteria). These data are furnished in Table 5.2-1. 

While there are appreciable acreages of prime and important farmlands 
proposed to be taken, in no state do they represent more than 1 percent 
of the inventory. The incremental increase in loss of prime and impor
tant farmlands is small and below the average lost per year by other 
development annually. 

5.2.12 Sodoeconomics and Infrastructure 

5.2.12.l Arizq~;a 

Two major construction projects currently under 1>ay in the Arizona 
region will be nearing completion about the s.>ine time that SSC construe· 
_tion would commence. The Central Arizona Project, a. 320-mi aqueduct 
system of tunnels and canals, already br.ings water from the Colorado 
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Table 5o2-1 

ESTIMATED JNVEHTORIES OF PRIME AND IKFORTANT FARMLANDS 

Total in 
Involved Permanently 

State Counties Removed Acreages Removed/Total 

Arizona 0 0 0 

Colorado 1,683,600 819 0.0005 

Illinois 657,755 197 0.0003 

Michigan 531,900 341 0.0006 

North Carolina 572' 444 955 0.001 

Tennessee 425,817 606 0.0014 

Texas 378,607 588 0.0015 

Sourl~e: U.S. Department of Agriculture, So11 Conservation Service Consultation letters 
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River to Phoenix, and when completed, will serve much of the Phoenix
Tucson corridor. The Palo Verde Nuclear Generating Station being built 
in central Maricopa County, is the largest nuclear power station in the 
United States and· is expected to have the capability of serving up to 
three million residential customers. No new projects on the same seal e 
have been proposed in the region. There are, however, two smaller scale 
dam construction projects slated to occur over the next 5 to 6 years. 
Both of these projects, the new Waddell Dam at Lake Pleasant and modifi
cations to Roosevelt Dam at Roosevelt Lake, are upgrades of existing 
structures in northern Maricopa County and would lead to relatively 
minor socioeconomic impacts with or without concurrent construction of 
the SSC. 

The most important regional factor with respect to cumulative impacts in 
the Arizona site region is the rapid expansion of the Phoenix metropoli
tan area. Large tracts of vacant land circling the urban area and 
ranging in size from 300 to 12,000 acres have been purchased by devel
opers for future residential and commercial construction. The 38 large
scale developments identified in the Maricopa County Comprehensive Plan 
(Maricopa County Department of Planning and Development 1983) are esti
mated to have the capacity of accommodating over 400,000 residents. In 
the context of such extensive regional growth, SSC-related socio
economic impacts would be comparatively small and easily absorbed. 

5.2.12.2 Colorado 

A m:rnber of major construction projects are planned for tho Colorado 
s!t2 r?giDil In the next decade, with the peak cumulative ccnstruction 
adiv'ity occurring in the early 1990's. The most important of these 
projer~ts indude: a new airport, a ne~1 metro Denver be1twily and vp·· 
grad-c·s tc r:·xisting higtn1a_ys, a ma_jor water project, rand c1t?2;.nup or the 
RGd.Y Mount2i:i Jl.rsenal waste disposal site. The ne1·1 airport, to b'" 
located nnrth\)ast of Denver, is sched1Jled for peak constr1iction bttween 
1990 and 1994. At a total cost of S2 billion, the project ls expected 
to empfoy from 2, 200 to 2, 900 construction workers annually. The rr.Jjor 
tnmsportation project involves completing the remaining two segments of 
the Highway 470 beltway around metropolitan Denver: the first segr.:ent 
(E-470) is planned for construction beginning in the spring of 1989 at 
a~ estimated cost of $722 mill ion; work on the second segment (W-470), 
N;0ected to cqst approximately $350 million, is not sched~led to brgin 
until the year 2000. Another $54 million Js budgeted for the first 
phase ~f cc·nstruction of fast-track corr·idors dedicated lanes on 
Existing highways for buses and high-occupancy vehicles. The Two Forks 
Water Project is proposed as a means of providing an adequate water 
supply for the area's future growth. The first phase of the project 
would be a dam located just below the confluence of the North Fork and 
the So\1th Fork of the South Platte River. Construction is currently 
expected between 1990 and 1995 at a cost of $350 million. Finally, 
cleanup of the hazardous waste at the Rocky Mountain Arsenal could 
entail a project estimated at anywhere from $1 billion to $4 billion, 
depending on the cleanup option implemented. 
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In anticipation of these projects, as well as the possibility of build
ing the SSC in Colora~o, a special public-private task force was estab
lished to assess the possibility of shortages in critical materials and 
labor resulting from simultaneous development. The task force report-
the "Strategic Resource Assessment Study"--concluded that labor, equip
ment, and critical resources should be readily available in the region 
unless construction activities were to escalate dramatically. Cumula
tive socioeconomic impacts in areas other than employment (such as hous
ing, public services, and pub1 ic finances) were not specifically ad
dressed in the report, but at the regional level the same conclusion 
would. hold for these resources as well. At the 'local level, however, 
adverse impacts in some of the small communities close to the site could 
be exacerb3ted by the cumulati·~e impacts of other projects. For exam
ple, if the proposed (but postponed) expansion of the Pawnee Power Plant 
between Fort Morgan and Brush were to occur during construction of the 
SSC, these small towns would experience even greater difficulty absorb
ing the substantial impacts expected. 

5.2.12.3 1]11nois 

Economic activity and development in the Illinois site region have been 
concentrated primarily in Chicago and Cook County, and this trend is 
expected to continue being led by two major city center projects to be 
completed in 1994 (estimated total $3 billion) and a proposed $1-bill ion 
office complex in suburban Des Plaines. Major transportation projects 
in the regicn incl lid'" highway improvements expected to exceed $i bi 11 ion 
between 1933 a.nd l'.t'.12 a.1d a new $410-million rapid transit lino. Out
side of the Chic.1gr. nleotropoliton area, large construction projects 
include $800-mill ion Chrysler plant expansion in Boone County (to the 
northwest} and a retirement community development in Will County (to the 
south). 

In DuPage and Kendall counties, where it is expected that the socioeco
nomic impacts cf building the SSC in Illinois would be the greatest, a 
number of davelopment projects are planned. Most notably, projects are 
proposed in the growi•;g communities along the Fox River and the western 
metropolitan-area suburbs such as Downers Grove and Wheaton. A"imost all 
of these projects, howiever, are relatively small--less than $50 million-
and cumulatively an, not expected to compound substantially any potent'lal 
SSC-related soc\ceconomic impacts. 

5.2.12.4 ~jJ;hiqaiJ. 

Economic growth in the Michigan site region has been and most likely will 
continue to be relatively slow. New projects proposed in the regicn are 
primarily located in the Detroit metropolitan area and the State Capital 
of lans i ng. Mi ch igan State Department of .Transportation highway develop
ments tend to be the largest construction projects currently foresee!l in 
the region. 

lCHPSZ3368811 EIS Volume I Chapter 5 



Environmental Consequences and Mitigative Measures 5-235 

In the rural areas of Ingham and Jackson counties, adjacent to the pro
posed SSC site, there are no other major proposed projects. SSC-related 
socioeconomic impacts, which would be substantial in small nearby commu
nities such as Stockbridge, would not be compounded by cumulative 
effects of other concurrent developments. 

5.2.12.5 North Carolina 

Initial construction of the Treyburn development, located between Durham 
and the proposed SSC site, is scheduled for completion during the summer 
of 1989, but build-out may not be realized for as long as 20 years. This 
combined residential, coimnercia1, and industrial planned development thus 
would compete for labor and materials during SSC construction. During 
SSC operation, on the other hand, the Treyburn development likely would 
serve SSC-related population, housing some workers, and providing job 
opportunities for their dependents. 

Other major projects currently proposed in Durham, Granville, and Person 
Counties would be farther from the SSC. These projects are considered to 
be within the normal baseline expansion of the region's economic activity 
and are not expected to adversely impact housing, public services, and 
public finance in the region, even in concert with SSC development there. 

5.2.12.6 Tennessee 

General Motors Corporation's Saturn Plant, a manufacturing and assembly 
complex south of Spring Hill in Maury County, is the largest project 
under way in the Tennessee site region. Construction of the plant 
should be completed by 1990, however, and thus would not compete with 
SSC construction for manpower or materials. Operation of the Saturn 
Plant would directly employ approximately 3,000 workers, nearly as many 
as the SSC, and to the extent that these workers are in-migrants to the 
region, SSC-related impacts on regional public services and public 
finances would be compounded. This cumulative impact would be most 
evident in the relatively large Davidson and Williamson counties, where 
the impacts could best be absorbed. The cumulative impact probably 
would not be felt in the smaller Bedford, Marshall, and Rutherford 
counties due to their distance from the plant. 

Other proposed projects in the region, nearer the SSC, include facility 
expansion at the Bridgestone Tire Company north of Lavergne in Rutherford 
County and a set of commercial and residential developments near Franklin 
in Williamson County. All of these construction projects should be com
pleted before peak SSC construction in 1992, and would not compete with 
the SSC for labor or materials. Impacts of these projects would fall 
within expected.baseline expansion of the region's economic activity, so 
that cumulative impacts in conjunction with SSC operation would be 
minimal. 
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5.2.12.7 Texas 

The rapid development in the past IS years in the Texas site region has 
slowed dramatically since the collapse of world oil prices in.1986. The 
resulting decline in economic growth, as well as recent excess building 
in the real estate sector, has led to the delay of a number of proposed 
residential, commercial, and community developments. Nevertheless, many 
new construction projects are planned for the reg·ion--mostly concentrated 
in the Dallas-Fort Worth metropolitan area. From 1988 through 1995, 
$5 billion in state highway construction projects are scheduled in the 
ROI. In addition, the DART rail system, a $2.8 billion rapid transit 
project, is expected to begin construction in the next few years. Major 
private developments include a $203 million office complex being built 
primarily for tenancy by an IBM work force of 5,000 in Tarrant County 
(near the Dallas-Fort Worth airport) and numerous other buildings and 
facilities throughout the region. In Ellis County, several highway 
projects are planned as well as a $5 million expansion of the Waxahachie 
lfater Pl ant and a $3. 3 mil 1 ion Waxahac:hie/Midl othi an Airport expansion. 

In light of the recent downturn In economic growth In the region, devel
o;ment and operation of the SSC in Texas would provide needed economic 
stimulus to the region. Cumulative impacts would be minor at the 
regional level, but more substantial In Ell is Cou~ty. Hcwever, ma~y of 
the p 1 anned projects in El1 is County are fo'f infra:stnc::t.ure expansion 
1,hi ch would complement SSC deve 1 opme:.t by incr2Js ·; :;9 tile 1 cca1 cap~ci ty 
to absorb SSC-related impacts. 

fi.2.13 Secondary Impacts of Ancillary faC'lllties 

There are numerous anci 11 ary facilities associated with the SSC. lli'"se 
are large'ly those in the service area.s ~.nd in the campus/injector areas. 
Ancillary facilities, however, are also associatQd with the general 
development of the SSC site, access, utility easements, and transm1$Sion 
corriders. Although the direct effects of ancillary facilities prov1ded 
for in their impacts evaluations (much of which is covered in NEPA rc·1iew 
of power transmission lines, etc), the SSC would result in secondary 
im;1acts in the reso\lrce areas affected by these devulopm<;nts. The a:ic-i1-
l ary faciiities of the site alternativ;is can be summarized in terms of 
the expected acre<.lje and miles affected even though th-; cunfigt.l\'c~:.-ion 
and design are conceptual. 

for purposes of this discussion, six anci11.zry facilities will be 
examined: roads, ra i1 reads, power 1 i nes, natura 1 gas Ii nes, water sup
ply, and s,:\~age treatment services. The nature and exter1t of these 
ar:cillary facilities are typical of thos:i associated with the develop
ment of light Industry, except In the amount of power required, which is 
somewhat higher and more related to heavier industrial development. 
Table 5.2-2 summarizes the expected acreage and distance associated with 
the anc·illary facility development at the site alternatives. 
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Colorado 
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Michigan 
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Table 5.2-2 

ANCILLARY FACILITIES 

Type Length (miles) 

Roads 121 

Rail road 6 

Power lines 52 

Natural gas 26 

Water supply 11 
Sewage (No. of plants) 0 

Roads 185 
Rail road 20 
Power lines 99 
Natural gas 21 
w.ater supply 138 
Sewage (No. of plants) 0 

Roads 28 

Rail road 1 

Power lines 2 

Natural gas 4 

Water supply 7 

Sewage (No. of plants) 0 

Roads 109 
Railroad 1 
Power lines 6 

Natural gas 10 
Water supply 3 

Sewage (No. of plants) 1 

Area (acres) 

891 
55 

465 

0 
7 
0 

2, 115 

250 
1, 530 

0 
360 

0 

16 

5 
6 

0 

0 

0 

120 
5 

0 
0 

10 
50 
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Table 5.2-2 (Cont) 

ANCILLARY FACILITIES 

Typa Length (mil es) 

Roads 49 

Rail road 0 

Power lines 16 

Natural gas 21 
Water supply 14 
Sewage (No. of plants) 6 

Roads 25 
Rail road 0 

Power 1 ines 32 
Natural gas 15 

Water supply 12 
Sewage (No. of plants) 6 

Roads 54 
Railroad 0 
Power lines 5 
Natural gas 12 
Water supply 16 
Sewage (No. of plants) 0 

Area {acres) 

42 
0 

72-482 (depends 
on which utility) 

0 

0 

0 

250 

0 

24 
0 

0 

0 

65 
0 

70 

30 
55 

0 
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Impacts of these ancillary facilities are discussed in Section 5.1.8.6 
through 5.1.8.9. Secondary impacts of these ancillary facility 
construction and operations are discussed by resource affected in the 
paragraphs below. 

Secondary impacts on earth resources would be minimal and would consist 
of mi nor changes in 1oca1 topography due to road grading and utility 
corridors. No economic resource impacts would be anticipated. No 
geological hazards would be expected at the shallow depths utilities 
would be buried. Surface features such as waste treatment faC'il ities 
would not significantly impact geological resources. 

Secondary impacts on water resources would be the incremental increase 
of water use and the incremental increa~ed use of municipal waste 
treatment facilities. In areas of low population densities, as in the 
service areas, a slight incremental increase in water use in households 
would occur and new service industries would develop to serve the 
additional population. To the degree that increased effluents result 
from utility support of the SSC and incremental additions to sewage 
treatment, water quality degradation might result as a secondary impact. 

Secondary impacts on air resources would largely result from increased 
general air emissions from vehicular sources and access to the area. 
Another secondary impact would be increased air emissions from utilities 
furnishing power and natural gas to the SSC. The secondary impact would 
be the increment the SSC added to utility service requirements. All of 
the proposed sites have utility services which have sources of elec
tricity derived from a variety of energy sources including fossil fuels, 
hydroelectric, and nuclear power. To the degree that the emissions are 
increased due to the incremental power consumption, secondary impacts 
would occur. 

Secondary impacts would also increase noise around utility corridors and 
access roads due to maintenance of transmission lines and utility 
corridors. 

Secondary impacts to waste management facilities would also occur. 
These impacts would be incremental increases in landfill loading rates 
from municipal solid waste generated by ancillary facilties and activ
ities supporting these. It is anticipated that beneficial impacts would 
also result from easier access to disposal and recycli.ng facilities. 
Neither hazardous waste nor radiological waste management in the region 
would be secondarily impacted. 

Secondary impacts to ecological resources would include an incremental 
increase in the potential for disturbing threatened and endangered 
species' habitats due to increased land usage. If Tennessee is the 
selected site, a potential for secondary impacts to the Snail Shell Cave 
system, including dust introduction, increased openings to portions of 
the caves, and altered water quality may occur. Wetlands could expe
rience secondary impacts of increased degradation due to changes in 
surface water usage and incremental increases in land development. 
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Secondary impacts to public health would include slightly increased 
probability of exposure to Valley Fever spores due to increased activ
ities in maintenance or construction of ancillary facilities and due to 
in-migration if Arizona were the selected site. Similarly, there would 
be a slightly increased probability of exposure to (or damage from) fire 
ants if Texas were the selected site. 

Secondary impacts on land resources are incremental increases in lands 
ae"1eloped due to ancillary activities and those activities supporting 
them. The impacts would include incremental increases in converted 
prime and important farmlands, zoning changes, land use changes throtigh 
land commitment to utility corridors, easements, and by increased access. 
It is expected that secondary impacts of ancillary activities would not 
be significant. 

Secondary impacts on socioeconomics from ancillary facility construction 
and operations are difficult to measure or differentiate from those 
induced by aggregate development in the seven site alternative locations. 
Impacts could result in five areas: (1) economic activity, labor force, 
and income, (2) demographics and housing, (3) public services, (4) public 
finance, and (5) quality of life and social well-being. These measures 
of socioeconomic impacts are likely to not be measureably impacted by 
the secondary impacts of ancillary facility development. Quality of 
life would be perceived to be altered incrementally by any increase in 
landfill size, traffic, or many other local conditions (see discussion 
in Section 5.1.8.5). Small incremental impacts might also result in 
utility rates, school expenditures, and other public services especially 
early in the development of the SSC and its ancillary facilities. No 
significant impacts would be expected in income, labor force or 
demographics from ancillary facility development. 

Secondary impacts of ancillary facility development on cultural re
sources would be those associated with increased growth and access due 
to the SSC. These are expected to be largely mitigated by actions taken 
during SSC final design and specific facility placement (see discussion 
on flexibility of design and site alternatives in Chapter 3, 
Section 3.6.1). 

Secondary impacts on scenic and visual resources would be incremental 
due to power lines, utility corridors, sewage treatment plants, and 
roads/railroads. The perceived degradation of scenic and visual re
sources from development of ancillary facilities would be expected to be 
one of the more important secondary impacts of the SSC, in general. 
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Comparatively, the site alternatives can be evaluated with respect to 
secondary impacts from ancillary facilities. Resources which would be 
anticipated to be differentially impacted at the sites.are summarized 
below: 

0 

0 

0 

0 

0 

0 

0 

Arizona -

Colorado -

Illinois -

Michigan -

North 
C<:rolina -

Tennessee -

Texas -

Due to the more extensive infrastructure 
requiremen,ts, waste management, water resources, 
and air quality; ecological and regional re
sources because of their relative richness in 
the area of the proposed site. 

Similar to conditions in Arizona from the 
perspective of infrastructure development 
impacts; access to the area would be greatly 
increased due to the new roads; conversion of 
lands in agriculture. 

Secondary impacts would primarily be those 
associated with competition for resources in an 
area with rapid growth rate and increasing 

·densities of residences and businesses. 

Similar to conditions in Illinois except a 
more probable secondary impact on wetlands and 
sensitive habitats/communit Jes. 

Secondary impacts are most likely to occur in 
the areas of water quality and supply. 

Secondary impacts mig!it occur in the area of 
water supply, ecological resources, especially 
karst ecosystems such as the Snail Shell Cave 
Sys tern. 

Secondary impacts 11ould be associated with 
increasing rates of service industry develop
ment and lan::l use changes from agricultural and 
rura 1 to suburban. 

5.3 IDENTIFICATION Of IMPACTS Of THE HO-ACTION ALTERNATIVE 

The impacts associated with implementing the no-action alternative, that 
is, not constructing and operating the SSC, are discussed from two 
standpoints. These are I) the impacts of the SSC project not being 
implemented and 2) the impacts of the SSC project not being implemented 
at one of the alternative sites. These impacts are discussed below. 

5.3.l Impacts of SSC Project Not Being Implemented 

The impacts associated with not implementing the SSC project are "the 
costs of lost opportunities.• These are difficult to estimate because 
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the values of any large research and development project cannot be pre
dicted. Unexpected technological developments from R&D projects such as 
the space program are becoming commonplace (e.g., teflon). In addition 
to the loss of as-yet undefined technological gains, other Impacts are: 
1) loss of high energy physics know1edge, and 2) loss of U.S. leadership 
in high energy physics research, although research in this field at the 
Fermilab and SLAC would continue. 

~.Gcondary impacts of not implementing the SSC incltlde impacts that 
reflect the use of the SSC-designated funds to other public works 
projects, Tl!ese impacts cannot be assessed since there are. no public 
wor~> ~'·ojcct~ directly competing for fundhig flith the SSC, and the DOE 
µol i::y : c; i.l«it J.ievelupment of the SSC will :wt be pursued at the expense 
of otro:r nngci ng high energy research facilities and p;rograms. 

The imp~.ls of delaying the project are similar to those impacts asso
ciated ;!itn not implementing the project at all. The delay might result 
in the SSC, when implemented, riot being substantially bett"°r than one 
d2veloped ot:tside the U.S. Delaying the project in order to take 
<idvantage of new superconducting media i> ri·:it feasible since the devel
opment time for these materials is unkno~m but exceeds tlie time targeted 
~or SSC implemeritation. 

5.3.2 Impacts Associated with Pio Actior. ?.t Alternative Sita& 

'i he impacts of implementing the no-action a ltcrnat i ve at any of the 
~ i ternative sites would be a cont'ir.uation of the current and project•"d 
·.:'Jnditions of those sites (see Chapter 4). These are evalu<;ted in each 
01' the alternative sites. 

~"e Arizona proposed site is the least developed of the seven site 
:: I ternat i ves. The s He. in the absence of tt:e SSC, would rem~ in a 
;opular multiple use recreational area in the Sonoran desert. 1112 
»ilderness study are;;s (WSA) would contir.L:e l;efog used for ~eleded 
studies. There would contin11'~ to be limited grazing of livestocic 
Development of the region for how;ing in connection with the g1·cwth of 
the Phoenix metropolitan area would continue. In addition, a ~eparata 
issue is wh.ether portions of the site will be Congressionally designated 
1s wilderness. Pending before the Congress is an act ion to designate 
portions of Arizona as wilderness. The BLM recomnu;ndation is that the 
WSA portions remain in their current statljs for multiple use. The 
Arizona Wilderness Coalition has r•~commended inclusion of all three WSA 
areas in the wilderness designation. Congt~ss will address this issue 
whether or not Arizona is designilted as the preferred SSC site. 
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5.3.2.2 Colorado 

The Colorado propo.sed site, without the SSC, .wfll remain a. dryland 
farming dominated economy. The growth rate in the area is expected to 
remain negligible except for small increases in the towns of Fort Morgan 
and Brush. The patterns of irrigated agriculture, the production of 
beef cattle, and the portions of the proposed site. wh.ich are in prairie 
are expected to remain approximately at the current levels. Market 
drivers on ag.rfculture production will remain th.e primary reasons for 
changes in the region of the site. Direct acc.ess routes to the area 
from Denver will remain limited. 

5.3.2.3 Illinois 

The Illinois proposed site will continue its rap·id growth rate, esp.e.
cially in the east and north of the site, without the SSC development. 
The agricultural production trends in the area are declining and may 
continue to as a result of pressure toward suburbanization from the 
east. 

~let 1 ands wil 1 continue to face encroachment from suburbanization. The 
operation of Fermilab is expected to continue regardless of the presence 
or absence of the SSC. 

5.3.2.4 Michigan 

The Michigan proposed site is also expected to remain in conditions 
similar to those existing, including light industrial and suburb;m uses. 
Reduced agricultural trends will be impacted by market drivers in farm 
prices. Timber production will not ~ubstantially increase. Wetlands 
1·1ill continue to face encroachment in specific local areas near the 
site. Suburbanization of the region wUl continue at the current mea
surable rates. 

5.3.2.5 North Carolina 

The Piedmont region will continue to develop slowly, primarily by the 
deve 1 cpment of large-tract s i r.gl e-family residences. There wi 1l con
tinue to be substantial tin1ber and some agricultural production. The 
economy of the region will continue tlil be dependent largely en the ser
vice sector around the Research Triangle Park· (RTP) area. Road access 
would continua to be minimall:; developed. 

1he watershed importances of the drainages of the site will continue to 
te important in terms of water supply, water quali.ty, and biological 
rasources. 

5.3.2.6 Tennessee 

The central basin of Tennessee will continue to develop at a steady or 
possibly increasing level. The immediate area of the site is in the 
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more slowly developing portion of the central basin. Tennessee walking 
horse breeding, minimal timber and small scale agriculture in the form 
of family farms and truck/vegetable-fruit farms will remain in the area. 

5.3.2.7 Texas 

The region of the proposed Texas site will continue to develop respond
ing to the suburbanization from the Dallas-Fort Worth area. The imme
diate area of the site will continue rapid development in the residen
tial, service companies, and light industrial areas. Easy access to the 
metropolitan area will increase this pressure. 

Agriculture is expected to remain important, especially in the southern 
portion of the proposed site. Biological resources will remain diverse 
though becoming spatially more patchy. 

5.4 UNAVOIDABLE ADVERSE IMPACTS 

Unavoidable adverse impacts are those impacts that are not realistically 
mitigable. These are presented in summary form below. The detailed 
identification of impacts, including those that are mitigable, are 
presented in Section 5.1. Mitigations for those impacts that can be 
mitigated are summarized in Section 3.6. 

Unavoidable adverse impacts would be: 

o Loss of up to two producing quarries in Illinois, Michigan, 
and North Carolina. 

o Loss of water wells within the SSC footprint: only a limited· 
number of wells within this total area will need to be aban
doned because of the project; however, prior to final siting 
and design decisions being made, an accurate estimate of the 
actual number of wells is not practical. 

o Local water level decline and/or aquifer overdraft in Arizona 
(potential overdraft), Illinois, Michigan, and Texas. 

o Increased ambient noise levels around some service areas that 
have human and/or wildlife populations. 

o Potential loss of some habitat (although no designated criti
cal habitat) of one or more threatened or endangered species: 

- Tumamoc globeberry in Arizona 
- Prairie brush clover in Illinois 
- Tennessee purple coneflower in Tennessee 
- Black capped vireo in Texas 

Indiana bat in Tennessee and Michigan. 
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o Loss of wetlands (this is a conservative estimate that does 
not consider wetland mitigation. The acreages also do not 
consider wetlands that could be impacted at future expansion 
facil itles or at ancillary facilittes): 

Arizona: No loss of wetlands 

Colorado: Maximum 4 acres in the areas for B and El 
(wetlands also located in future sites C and J6) 

Illinois: Maximum 215 acres in the areas of A and B (in 
Fermilab), F4, FS, F9, FIO (wetlands also located in 
future sites C [in fermil ab] and JS) 

Michigan: Maximum 252 acres in areas for A, B, EI, E4, 
ES, Fl, F9, FlO, K2 (wetlands also located tn future 
sites C, JI, J2, J3, J5, J6, K4) 

North Carolina: Maximum 44 acres in areas for A, B, E2, 
E3, F7 {wetlands also located in future sites C, JI, J2, 
J3, J4, J6) 

Tennessee: Maximum, 38 acres in areas for A, B, fl, K2, 
KG (wetlands also located in future sites C, J,}, J2, JS, 
J6) 

Texas: Max.imum 3 acres. in areas fo.r A, B, K6 (wetlands 
also located in future sites C, J2, J3, J4, J6) 

o Increased traffic and. traffic accidents in the construction 
period are projectl!d ta increase accidents as fallows: 

- Arizona - 40 injury accidents/yr 
- Colorado - lO injury accidents/yr 

Illinois - 10 injury accidents/yr 
- Michigan - 16 injury accidents/yr 
- North CaroHna - 6 injury accidents/yr 
- Tennessee - 3 injury accidents/yr 
- Texas - 8 injury accidents/yr 

In Arii.ona, it is projected that there wou.ld be approximately 
one fatality/yr focr!!'ase due to construction acc.idents; i.n all 
other states, it is estimated to. be much less than one 
fatality/yr increase. 

o L.and use in Arizona and Colorado would be substantially altered. 
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o Estimated prime and State-important farmlands withdrawals 
(permanently developed}: 

- Arizona 
- Colorado 

Illinois 
- Michigan 
- North Caroli~a 
- Tennessee 
- Texas 

0 acres 
819 acres 
197 acres 
341 acres 
955 acres 
606 acres 
588 acres 

o Relocations: 

0 

- Arizona 6 
- Colorado 23 

Illinois 219 
- Michigan 221 
- North Caro 1 h1a 180 

Tennessee 128 
- Texas 175 

Scenic and visual impacts are of a regional scope in Arizona 
and a local scope in Illinois, Michigan, North Carolina, 
Tennessee, and Texas around specific surface faci 1 i ties. 
There are no anticipated scenic and visu<.1 impacts in 
Colorado. ' 

5.5 RELATIONSHIP OF SHORT-TERM USES TO LONG-TERM PRODUCTIVITY 

The proposed action would constrain uses of sptcified resources during 
the 6- to 7-yr construction period and the i.S- to 3p-yr operations 
period. In general, these "short-term" uses of the resources will not 
permanently impact the 1 ong-term productivity of the host environment. 
However, impacts such as those from acreages that are removed from prime 
and important farmlands are considered to be permanently converted and 
removed from the region al inventory. 

For the pedods of construction and operations, the following 
constraints and resource impacts would result: 

o Loss of land use in the fee simple areas, although it is DOE 
policy to allow multiple land uses as long as they are com
patible with the mission of the facilities; upon decommission
ing, these lands could be returned to public use. 

c Removal of wetlands in the surface facility construction 
· sites. 

o Loss of habitat for migratory populations or loss of habitual 
migration trails in the area of surface facilities; loss of 
habitat for endemic and relic species. 
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o Where used as a source of project water supply, local surface 
or groundwater removals may result in a significant depletion 
of existing excess capacity or local groundwater overdrafts. 
Water would be available for other uses once project water 
withdrawals cease. 

o Spoils disposal in some areas would remove some prime and 
important farmlands from production in the area -of the site. 

o Disposal of solid, radioactive, and hazardous wastes would 
utilize and thereby decrease the existing capaciiy of selected 
landfills, and LLRW- and RCRA-permitted facilities; these· 
decreases would be a small fraction of current capacity. 

o Residual radioactive contamination of materials left in the 
tunnel following decommissioning would increase total radio
active inventory in the tunnel; this increase would be a small 
percentage of naturally occurring radioactive materials 
underground at tunnel level, and would have no impact on 
long-term productivity of the host environment. 

o Indirectly, via in-migration, there would be an increase in 
public services requirements, in housing demand, and public 
finance which would be expected to be.sustained following the 
decommissioning of the SSC even though the employment sources 
would be altered following shutdown. 

o Land use would not necessarily be permanently altered by the 
project; however, the secondary development, such as service 
industry, increased housing, and development of transportation 
and infrastructure supporting the SSC make the possibility of 
reconversion of land use to preproject status unlikely. 

o Conversion of prime and important farmlands would be permanent 
if the surface of the earth is covered by buildings, parking 
lots, or other impervious surfaces. 

o Paleontological resources encountered in the tunnel boring 
operations would be irretrievably lost; a portion of those 
that might be encountered in shaft drilling and tunneling 
would be lost depending on the excavation methodology 
employed. 

o Scenic and visual resources.would be altered through the life 
of the project at specific locations; these might be altered 
in the long-term depending upon land use post-decommissioning. 

Many of the short-term uses of the regional resources committed to con
struct and operate-the SSC are reversible in the long term. A prelimi
nary evaluation of decotllllissioning is provided in Volume IV, Appendix 3. 
In general, it is feasible to decommission the facility removing the 
components, radioactive materials and sealing the tunnel access. Surface 
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facilities could be removed selectively, converted to other uses, or 
removed entirely. Assuming complete deconunissioning, long-term produc
tivity of the host environment could largely be restored. If selected 
land use continued to use surface facilities, it is expected that pro
ductivity .would continue to be a function of the rate of urbanization of 
the areas in general rather than specifically the result of the SSC 
project's implementation. 

5.6 NATURAL AND DEPLETABLE RESOURCE REQUIREMENTS AND CONSERVATION 
POTENTIAL . 

This section on natural and depletable resources covers the following: 

o The natural and depletable resource requirements for the 
generic SSC design. 

o Generic potential for conservation. 

o Natural resources precluded from development at the seven BQL 
sites. 

o Comparison of natural resource requirements and availability 
among the sites. 

The term "natural and depletable resources" in this context is broadly 
interpreted. It includes obvious natural and depletable resources such 
as sand, gravel, and aggregate; materials that are derived from natural 
and depletable resources such as cement, gypsum, glass, steel; and elec~ 
tric power, which is presumed to be derived from natural and depletable 
resources. Resources that may be required to construct facilities that 
are related to, but not part of, the SSC project, such as SSC-induced 
growth in housing and infrastructure are excluded. Water and land are 
discussed in detail earlier in this chapter and are mentioned only 
briefly in this section. · 

5.6.l Natural and Depletable Resource Requirements 

This estimate of natural and depletable resource requirements is based 
on the conceptual SSC design described in Volume IV, Appendix I, Sec
tion I.I (Summary of Conceptual Engineering Design). 

5.6.l.l Technical Facilities 

Construction materials required for the SSC technical facilities are all 
procurable without significant impact on U.S. supplies. 

In 1984, world niobium demand was approximately 15,000 ton/yr increasing 
by 6 percent yearly (mostly supplied from Brazil). A peak annual SSC 
demand of 100 ton/yr represents less than 1 percent of world demand in 
1984. 
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The impact of the SSC on the titanium market is difficult to assess 
because figures for titanium demand have been withheld from publication 
since 1982. However, at that time, U.S. demand was 3,750 ingot ton/yr. 
Thus, the SSC peak demand of 100 ton/yr represents 2. 7 percent of the 
U.S. market some 6 years ago when figures were last available. 

The helium cryogenic system will be charged with 57 Mftl(std) of helium. 
The increase in helium requirement from 52 Mftl(std}, as stated in the 
Conceptual Design Report (CDR), to 57 Mftl(std) is due to changes in the 
line sizes in the dipole cryostat made after issue of the CDR. Helium 
will be delivered to the site as liquid in 15,000-gal tank trucks 
(15,000 gal equals 1.4 Mftl(std)). Expected losses of helium from the 
SSC are 52,500 l/mo, or 472,500 I/yr for 6,000 h/yr of operation. This 
is 14 Mft3{std), or approximately 25 percent of the total inventory of 
57 Mft 3 (std). Since the total annual sales of helium in the U.S. are 
about 1,147 Mftl(std), the annual SSC consumption represents only 1.2 
percent of the U.S. market. 

5.6.l.2 Conventional Facilities 

For construction of conventional facilities (see Table 5.6-1), materials 
would be primarily obtained from local suppliers. None of the quanti
ties of conventional building materials are large enough to have a sig
nificant impact on a regional market when consumption is spread over the 
6-yr construct ion period, with the possible exception of the supply of 
aggregate in Colorado. 

Total water requirements for construction of the technical and corwen
tional facilities is estimated to be 111.5 million U.S. gal (343 

·acre-ft), broken dO\~n as shown in Table 5.6-2. Peak annual consumption 
during construction is estimated to be 28.6 million gal (88 acre-ft), or 
an average of 238 gal/min for a 2,000-h year. Peak demand during the 
8-h construction workday will be several times this average flow, up to 
a maximum of 1,000 gal/min. As noted in the DOE's ISP, peak consumption 
of industrial water during operations is estimated at 2,200 gal/min 
(3,550 acre-ft/yr) for climatic conditions that allow the use of evapo
rative cooling, and potable water consumption is estimated at 
250 gal/min (400 acre-ft/yr). Cooling .water requirement_s for sites with 
significantly different climatic conditions will vary. If air cooling 
is used, cooling water requirements may be as low as 500 gal/min 
(800 acre-ft/yr). An annual industrial water requirement of 1,775 acre
ft/yr (1,100 gal/min) has been assumed for this EIS. 

As· shown in Table 5. 6-1, for construct ion of the convent ion al facil i-
t i es, estimated electric power consumption is 42.6 million kWh. Natural 
gas consumption, primarily for heating of work areas until permanent 
heating facilities are available, is small in comparison to consumption 
of electrical energy. Figures for operation of the conventional 
facilities are shown in Table 5.6-1. 
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Table 5.6-l 

NATURAL AND DEPLETABLE RESOURCE REQUIREMENTS 

Resource 

Construct ion Materials 
Steel including rebar 
Cement 
Sand 
Gravel (roads and 
concrete) 

Fill, stone bedding 
Hood forms 
Concrete pipe, blocks 
Glass 

Water 
Industrial 
Potable 

Land 
Disturbed (facilities 
and infrastructure)** 
DOE title (fee simple 
stratified fee) 

Energx 
Electric Po~1er 
Natural Gas 

and 

CONVENTIONAL FACILITIES . 

Construction Operations 
Quantity* Unit Quantity* Unit 

30,000 tons 
100,000 tons 
100,000 ydl 

€00,000 yd3 

200,000 yd3 

1,000,000 board-feet 
500,000 tons 
100,000 ft2 

266 acre-ft 
77 acre-ft 

494-3,395 acres 

15,830 acres 

42.6 x 106 kWh 

1, 775 

400 

227-1,327 

15,830 

888 x 106 

55 

acre-ft/yr 
acre-ft/yr 

acres 

acres 

Kwh/yr 
MBtu/h 

* The quant 1 ties 1 isted are order-of-magn1 tude est ima.tes of major construct ion reSources. These 
estimates are based on a conceptual design at a generic site with assumed geology, topography, and 
infrastructure. 

*~For the site specific details, see Table 3-2. 
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Table 5.6-2 

CONSTRUCTION WATER SUMMARY 
1989 - 1995 

Volume 
Mill ion 

Use U.S. Gal Acre-ft 

Personal use, technical facilities, 
management and engineering 18.2 57 

Personal use, conventional facil it·ies 6.9 21 
Concrete 26.9 83 

Backfill moisture control 12.8 39 
Dust control 15.3 47 
Landscaping 2.6 8 

Access roads 20.6 63 
Contractors' area 2.5 8 
Spoils area 5.6 -1I 

111.5 343 

During ccnstruction of the technical and conventional facilities, a 
total of 494-3,395 acres will be disturbed depending on which site is 
selected. Of this, 220-1,327 acres will be permanently disturbed. 

The DOE requires land title to a maximum of 15,830 acres assuming fee 
simple e$tate for the upper and lower collider arcs (total of 3,790 
acres) and for the abort/external beam arcs (total of 4,550 acres), 
i.e., a total of 8,340 acres. The DOE has indicated its willingness to 
accept a stratified estate arrangement for these areas that would reduce 
land requirements by all or part of 8,340 acres, thus reducing the total 
requirement to 7,490 acres. 

5.5.2 Potential for Conservation 

This section describes potential for non-site-specific conservation. 
Site-specific conservation potential is discussed in Section 5.6.4. 
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The re qui re:nents of the SSC /\W pro;ira:n I; ave been extensively studied. 
Building materials are most affected by the type of construction that 
will, ·in turn, be determin<'d by tbe site selected. 

Projected water use duri~g construction is 111.5 million gal. The major 
uses are for concrete (~6.9 million gal), access road construction 
(20.5 million gal}, water use by personnel (18.2 million gal), and dust 
control (15.3 million gal). Water requirements for concrete are based 
on an assumed 560,000 yd 3 of concrete and 35 gal/yd!. In addition, 7.25 
million gal is assumed for operation of the on-site precast concrete 
p 1 ant. 

Water for access roads is based on 1,030 acres of access roads at a 
tot a 1 requirement of 20, 000 gal/acre throughout the con!;truct ion period. 
This acreage of roads is comprised of 68 mi of dirt roads and 4.5 mi of 
HEB open excavation. Widths range from 100 to 180 ft. This water re
quirement wi 11 be dependent on the materials avail ab 1 e for construct i en 
of the roads and the length required. Existing roads will be used 
wherever possible. 

Personnel water use for the technical facilities (technical systems and 
management/engineering) is based on a total of 9,974 person-years 
throughout the construction period, which includes water for both 
drinking and personal cleanup. These requirements will not be influ
enced greatly in a generic way by the type of construction, but more by 
the climate of the actual site. 

Dust control water requirements will be influenced· by the site location, 
climate, soils, and type of construction. Oust control water require
ments for cut-and-cover excavations will be substant i a 11y greater than 
for tunneling or drill and blast operations, because of the much larger 
area of disturbed ground. In this estimate, a total of 1,530 acres wi]l 
require dust control. This excludes requirements for dust control of 
access roads. 

In general, water use can be reduced by ponding surface runoff from 
disturbed areas and using this water for backfill moisture control, con
struction, and dust control, i.e., where potable water is not a 
requirement. 

Construction laydown areas would be located at the sites of, for 
example, parking areas, so that they become part of the committed land 
resource. 

It is the policy of the DOE to allow multiple land use to the maximum 
extent compatible with facility operations. 
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Energy requirements are heavily dependent on the geology and type of 
construction used for the SSC collider ring. Electric power consumption 
for constructing the tunnel is expected to range between 12 kWh/ft for 
cut-and-cover to about 400 kWh/ft for tunnel boring operations. 

Depending upon location, it may be possible to save energy (power and 
gas) by cogenerating power and space heating/cooling. Campus facilities 
would use both and, depending on the cost of natural gas fuel and the 
avoided cost of the cogenerated power, there could be economic benefits 
from the installation of combined-cycle cogeneration systems. An engi
r.eering evaluation of cogeneratlon would be needed for the selected site 
during detailed design of the SSC. 

5.6.2.2 Recycling and Resource Recovery 

Recycling water for lower grade uses may be possible depending on qual
ity and demand. For example, some 150 gal/min of cooling tower blowdown 
is estimated to be generated during operation. Part of this can be 
stored and used for irrigation purposes after suitable chemical treat
ment. Another portion can be concentrated into brine and higher grade 
water which could be used to reduce the SSC demand for water by blend
ing. The brine would be wasted to a treatment plant er evaporation 
~ond. 

Certain recyclable materials can be used for construction to reduce the 
, . use of building materials. One example is fly ash from coal-fired elec

tric power generation, which can be used as a fill material, as a raw 
material in cement, as an ingredient in the final grind of cement, or as 
a filler in concrete or concrete blocks. By recycling this waste mate
rial, a portion of the fill requirements may be met. This must be 
balanced by economic considerations, among which will be the proximity 
of the SSC to a suitable coal-fired power plant and the existence of 
excess fill material from the tunnel construction. 

5.6.3 Resources Precluded from Development 

The development of certain natural and depletable resources would pos
sibly be precluded during the life of the project because of possible 
disruptive effects on SSC construction or operations. These resources 
are ones whose extraction methods are capable of causing vibration, and 
include: mining; 'drilling of oil or water wells; construction of major 
projects, roads, etc. Resources possibly precluded from development 
among the seven sites are summarized in Table 5.6-3. 

As noted in the SSC ISP, because of the potential for disruptive vibra
tion, no railroad line should pass within 3,000 ft of an interaction 
point, and major public roads should be no closer than 300 ft to an 
interaction point. Further, there is a restricted zone extending 150 ft 
horizontally and 35 ft vertically from the tunnel centerline, within 
which even existing activities will require DOE approval for operation. 

With the possible exception of water wells, Table 5;6-3 shows that the 
natural and depletable resources possibly precluded from development as 
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Earthen 
resources 

Energy 
resources 

Metallic 
resources 

Other 
resources 

Arizona 

Hone - abundant 
sources in area 

Noc! i, gas, 
coal, or lignite 
in are!. 

Suspect possible 
uran i r..m occur
rence; quality 
and quantity 
not known. 

Copper, gold, 
s i 1ver, manga
nese, tungsten 
in small, un
economic 
deposits. 

Table 5.6-3 

NATURAL AND DEPLETABLE RESOURCES 
POSSIBLY PRECLUDED FROM DEVELOPMENT 

Colorado 

None - abundant 
in area, but 
COll'IJetition for 
materia 1s may 
occur 

Approximately 
30 oil wells 
within 1 mi le 
of SSC; fewer 
than 20 oil wells 
may be affected. 

Uranium, cDl.11 
rerrote from 
site, not 
affected. 

Ho known ecc
noml c deposits. 

Illinois 

None - abundant 
sources tn area. 

No coal. oil, 
uranil.rn, peat 
in econanic 
deposits in 
area. 

No known 
deposits. 

• 

Michigan 

2-5 aggregate 
producers near 
ring; sorre may 
be tiernporari ly 
affected. 

Fewer than 10 
oil wells rray 
ba affected. 

No known 
daposits. 

Peat and clay 
in Y"icinity but 
not affected. 

North Caro 1 ina Tennessee 

None - abundant None - abundant 
sources in area. sources in area. 

No known 
deposits of 
oil, gas, coal, 
uranium. 

Copper in SN 11, 
unecor.ornic 
deposits, with 
gold and silver. 

Pyrophyl lit::! 
deposit, but 
not ecor.orn i c . 

No econoorl. c 
deposits of 
oil, gas. coal, 
uranium. 

Zi~c e:iplora
tion, but no 
kncwn econcmic 
deposits. 2 
abandc11ed barite 
and fluorite 
mines in vicinity. 

Phosphate 
reserves, but 
mined outside 
SS\: area and 
not affected. 

Texas 

None - abun
dant sources 
in area. 

No knor«n 
economic 
deposits of 
oi_l, gas, 
coal, 
1 ignite, 
uranillTI. 

No kno":n 
economic 
deposits. 
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a result of the SSC are not significant. Indeed, in two cases, the SSC 
project would result in development of a natural resource that may not 
otherwise take place. In Illinois, the excavated tunnel material (dolo
mite and dolomitic limestone) would be suitable for sale as a landfill 
liner or other commercial use; and in Texas, about half the excavated 
tunnel material is Austin chalk, which can be used for cement 
manufacture. 

5.6.4 Comparison Among Sites 

ror the technical facilities, the requirements of natural and depletable 
resources would not vary among sites. For the conventiona~ facilities, 
a comparison of natural and depletable resource requirements and avail
ability among the seven sites is shown in Table 5.6-4. Impacts of the 
SSC on natural and depletable resources used to develop SSC conventional 
facilities (Table 5.6-4) and possible mitigation measures are discussed 
below. 

5.6.4.1 Arizona 

There would be no appreciable impact on earthen resources at the Arizona 
site due to high local availability. No prime or important farmlands 
would be converted to develop the SSC. 

Slightly more than 10,800 acres of wilderness study areas could be 
impacted by the indirect loss of wilderness character. However, BLM has 
recommended these areas be majntained in multiple use status rather than 
being designated wilderness. 

The major impact of the SSC project on natural resources would be on the 
groundwater in North Vekol Valley, which is discussed in detail in Sec
tion 5.1.2. This impact could be mitigated by practicing good water 
conservation measures, such as reuse of cooling tower blowdown, during 
const1·uction and operation. The use· of brine concentrators to produce a 
product water (to blend and reduce groundwater consumption) and brine 
waste (to evaporation ponds) from cooling tower blowdown would reduce 
groundwater withdrawal. · 

There are negligible economically viable metallic resources in the site 
area. There is the possibility of partially offsetting consumption of 
both electric power and natural gas by development of solar power (up to 
15 MW) and solar cooling. Arizona has the greatest total cooling 
degree-days per year of the seven sites (3,000 degree-days--see Table 
4-5). It should be noted that the requirement for natural gas was based 
on a coldest month of 900 degree-days used in the CDR. Since Arizona's 
coldest month corresponds to a peak monthly heating of 474 degree-days, 
natural gas consumption, even in the absence of any solar heating, will 
be a little more than half of 55 MBtu/h. 
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~ NATURAL AND OEPLETABLE RESOURCES REQUIRED 
n COMPARISON AMONG SITES "' "" c.n 
N 
w 
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"' Arizona Colcrado Illinois Mtchtgan (JO 
(JO 
w .... 

I. Earthen resources 
High quality aggregate 1.800, 000 tons 1.800,000 tons l, 500, 000 tons I. 300, 000 tons 
Mid quality aggregate 150, 000 tons 188,000 tons 13,000 tons 189, 000 tons 
Stone bedding 63,000 tons 38,000 tons 38,000 tons 38,000 tons 
Cement 99~000 tons 99,000 tOl'lS 143,00_0 tons 99, 000 tons 

"' :::0 
Ava1 lah11 tty/Ir.pact Plentiful locally - SSC uses 0.64X of permit- Plentiful locally - Plentiful loc.!lly - ~. no ;ftl)act. ted aggregate reserves - no irrpact. no i~ct. ... 

illllact minor. 0 

"' 2. Land resources 
3 

"' ~ee sil!'ille areal 15,830 acres 7,690 acres 10,SC..S acres 7 ,885 acres ::I ..... 
Prime farmland 0 acres O acres 185 acres 205 acres .. 
Important farmland 0 acres 819 acres 12 acres 136 acres 

~ 

Wilderness/parks l,818 acres 0 acres 0 acres 0 acres n 
wilderness 0 

:> 
study area "' "' Water resourcP.s2 

0 
3. c: 

Construction 343 acre-ft 343 .?ere-ft 343 acre-ft 343 acre-ft . '" :s 
groundwater groundwater groundwater groundwater (") 

Potable 400 acre-ft/yr 400 acre-ft/yr 400 acre-ft/yr 400 acre-ft/yr ID 

"' groundwater groundwater groundwater groundwater .. 
"' 

Industria 1 l,775 acre-ft/yr 1.775 acre-ft/yr l,775 acre-ft/yr l,775 acre-ft/yr 
"' - groundwater groun™ater groundwater groundwater 0. 

"' 3: 
<: Aval labi 1 tty/lmpact Operational use of Groundwater available; SSC will increase cur- SSC will increase ~. 

0 industrial water may ma.y require purchase of rent overdraft slightly - current loca 1 i zed .... 
~ 

~. 

c: exceed groundwat£r existing water rights - impact not significant. c\'erdraft s 1 ight ly - "" 3 recharge but iR11acts ir111act not significant. impact not slgn1f1cant. "' "' 
.... 
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"' n 4. Qther resources 
3: :::r Electric power2 888 m111 ion kWh/ yr sa.a mtllion kWh/yr 888 mill ion kWh.I yr 888 •111 Ion kWh/yr .. "' 't:I for aperat ions "' .... Coollng Index (annua1)3 3 0.7 1.0 0.7 "' c: ,,, 
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l. Earthen resources 
High quality a99regate 
M1d quality aggregate 
Stone bedding 
Cement 

Ava i labi l i ty/llll'act 

2. Land resources 
Fee simyie areal 
Pr'me farmland 
Important fannland 
Wildernes~/Parks 

3. Water Resources.2 
Constructlon 
Potable 
lndustrla l 

Avai labi l1ty/lnt:1act 

4. other resources 
Electric power2 
for operatioil5 
Cooling Index {ar.nua1)3 
Heating lnd!!x (mo,thiyj4 

Table 5.6-4 (Cont) 

NATURAL ANO DEPLETABLE RESOURCES REQUIRED 
COMPARISON AMONG SITES 

t\<Jrth C1u·o 1 ln~ 

l,600,000 tons 
32, 000 tons 
38,000 tons 

149,000 tons 

Aggregate plentiful 
loca 1 ly - no impact. 
Canent fran out3 id! 
HC - minor impact. 

7 ,950 acres 
630 acres 
325 acres 

O acres 

343 acre-ft surface water 
400 acre-ft/yr surf ace ~te: 

1,775 acre-ft/yr surface wat~r 

Uses only portion of excess 
surf Bee vater capacity 1n 
area - no lq>act to groundwater. 

888 million k\111/yr 

!.5 
o.e 

Tennessee 

l, 50Q, 000 tons 
13,000 tons 
38,000 tons 

141,000 to!"la 

PlentlfUl locally • 
no l~act. 

7 ,750 acres 
415 acres 
191 acres 

O acres 

3.13 acre-ft } mstiy 
400 acre-ftiyr } surface 

l,775 ac,,,·ft/1r} water 

F7 and F8 wi 11 use ground
water - impact neg11gib1e. 
Balance ts surface w&ter: 
uses only portion of excess 
surface water cap.Jcity in 
area. 

888 ml lllon kWh/yr 

l.B 
0.9 

1. Does not include land required for ancillary facilities. 
z. Estimates of water and elect;ic power use are not sufficiently ref1ned to allow site-by-stte canpa.risons. 

iexas 

l.500,000 tons 
l!B,000 tons 
38,000 tons 

149,000 tons 

Cement plentiful 
locally - no impact. 
Aggregate transported 
90 miles - minor impact. 

8,650 acres 
-4SO acres 
158 acres 

0 acres 

343 acre-ft } mostly 
400 acre-ft/yr } surface 

l,775 acre-ft/yr } water 

far cluster and 8 service 
areas require grounctl'fater. 
In;>act nEasurab le but not· 
slgn\f\cant. Surface water 
available. 

888 m1111on kWh/yr 

2.5 
0.7 

3. Cooling Index was calculated as the total degree days per yea.r (Table 4 ... 5) divided by the CDR ass!B!CI value cf l,000 degree days per year 
{9S°F design basis) 

~. Heating Index was calculat6d a.s the peak monthly heating cfe.gree days {Table 4·5) dlvided by th1:! COR assuned value of 900 degree days 
{zsoF design basis) 
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5.6.4.2 Colorado 

An impact of the SSC proj.ect on natural resources in Colorado would be 
on the local supply of aggregate. The SSC will consume 0.64 percent of 
all currently permitted aggregate reserves in the area, foreshortening 
the projected life of such reserves by less than 1 year from 2001. This 
impact could be partially mitigated by use of fly ash from nearby coal
fired power plants in a portion of aggregate. Western coals produce a 
fly ash that is typically high in calC'ium, which makes the ash pozzo
lanic and a beneficial fill material for concrete, but these coals are 
also high in alkalis that have a deleterious effect on concrete. There
fore, chemical balances and compliance with concrete specifications 
would need to be confirmed prior to use of fly ash. Even without the 
use of fly ash, the impact of the SSC on aggregate supply would be 
minor. 

No prime farmlands would be converted; 819 acres of important farmlands 
would be disturbed. 

Colorado has a peak monthly heating of 1132 degree days, slightly 
greater than the value used in the CDR of 900 degree days. The total 
cooling degree days per year is 700, the least among the seven alterna
tive sites and slightly in excess of the 1000 degree days ar.nual cooling 
assumed in the CDR. 

The State of Co 1 or ado has a 1 so estimated that, because of 1 ow summer wet 
bulb temperatures, required flow of cooling water will be an average of 
921 gal/min (1,485 acre-ft/yr). 

5.6.4.3 Jllinois 

The proposed fee simple area of 10,508 acres includes 6,800 acres of 
Fermilab, including prime and important farmlands that are in production 
and are leased to local farmers. This demonstrates potential for con
servation of farmland and enhancement of natural prairie and wetland 
habitats. 

No impacts would be detected on earthen resources. Approximately 185 
acres of prime farmlands and 12 acres of important farmlands would be 
converted. 

Groundwater overdraft would be aggravated by SSC development, a small 
incremental cumulative impact. 

5.6.4.4 Michigan 

During final design, alternative sitings of facilities and other miti
gations will be evaluated. 

The Michigan site also would have a potential impact from acidic leach
ate from pyritic spoils from tunnel excavation. Mitigation measures are 
available, and are discussed in full in Section 5.1.11 and in Volume IV, 
Appendix 10. 
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The State of Michigan proposal states that the climate is colder than 
the referenced climatic conditions used in the CDR, 1,260 degree-days vs 
900 degree-days. This means that -the expected demand for natural gas in 
Michigan will increase from 55 MBtu/h to 69 MBtu/h. (Table 4-5 shows a 
peak monthly heating requirement of 1,181 degree-days). Cooling require
ments are only slightly greater than that assumed in the CDR and the 
lowest among the seven site alternatives. 

5.6.4.5 North Carolina 

There would be minimal impacts are earthen resources associated with 
bringing cement from outside the region. No other earthen resources 
would be impacted. 

Approximately 630 acres of prime farmlands and approximately 325 acres 
of important farmlands would be converted. 

There would be a small incremental impact to surface water use (a 
portion of excess capacity of local utilities), a cumulative impact. No 
significant impacts ~muld be anticipated on groundwater. 

Heating during the peak month is less than the assumed CDR requirement· 
{See Tables 4-5 and 5.6-4)- Cooling would require 1.5 times that 
assumed in the CDR annually. 

5.6.4.6 Tennessee 

There would be no appreciable impacts on earthen resources due to SSC 
development. Approximately 415 acres of prime farmlands and 191 acres 
of important farmlands would be coverted. 

Tennessee's coldest month is 778 degree-days (see Table 4-5), so thdt 
the SSC's consumption of natural gas in Tennessee will be less than the 
55 MBtu/h projected for 900 degree-days. Cooling requirements {peak 
month) are more than twice as large as those assumed in the EIS. 

5.6.4.7 Texas 

Texas offers potential for development of a natural resource as a result 
of the SSC. Limestone from the tunnel excavation is Austin chalk and 
may be suitable for making cement. There are cement plants in the area 
that use this type of raw material. Therefore, this resource may be 
productively used to offset consumption of other natural resources to 
produce the cement for the SSC. 

Approximately 430 acres of prime farmlands would be converted; 158 acres 
of important farmlands. 
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The major impact of the SSC in Texas will be on the level of groundwater 
at remot·~ locations. The far cluster and eight service areas will 
require a total of 490 gal/min, which is to be supplied by groundwater. 
This issue, and possible mitig.1tion measures, are discussed in detail in 
Section 5.1.2 and Volume IV, Appendix 7. 

Cooling requirements at peak would be 2.5 times that assumed in the COR; 
heating, howeve1·, would be on1y 70 rercent of that assumed during the 
peak month. 
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CHAPTER 6 FEDERAL PERMITS, LICENSES, AND OTHER ENTITLEMENTS 

6.1 INTRODUCTION 

This chapter identifies Federal permits, licenses, and other entitlements 
that may be required in implementing the SSC proposal in each state. 

Various Federal environmental statutes impose environmental protection 
and compliance requirements upon Federal agencies, including requirements 
for Federal agencies to comply with certain State and local regulatory 
programs. It is DOE policy to conduct its operations in an environ
mentally safe and sound manner in compliance with applicable environ
mental statutes, regulations, and standards. 

DOE Order 5480.4 lists Federal environmental requirements applicable to 
DOE projects (see Section 6.3). The Order was reviewed to identify 
those authorities applicable to the SSC project. Further, those author
ities were then assessed to determine which state and local environmen
tal authorities are also applicable. Applicable Federal requirements 
are discussed in Section 6.2. 

The National Environmental Policy Act (NEPA) of 1969 (42 USC 4321 
et seq.} establishes broad national environmental policy. NEPA, as 
amended, requires all Federal agencies to prepare an EIS for proposed 
major Federal actions significantly affecting the quality of the human 
environment. 

This EIS has been prepared in accordance with the Council on Environmen
tal Quality's regulations on implementing NEPA (40 CFR 1500-1508) and 
DOE guidelines for compliance with NEPA (52 FR 47662), December 15, 1987. 

6.2 FEDERAL REQUIREMENTS 

The major Federal environmental requirements that may be applicable to 
the construction or operation of the SSC project are discussed in this 
section. 

6.2.l The Clean Water Act, as Amended (33 USC 1251 et seq.) 

The objective of the Clean Water Act (CWA) is to "restore and maintain 
the chemical, physical, and biological integrity of the Nation's waters." 

The CWA requires all branches of the Federal government involved in an 
activity that may result in a point source discharge or runoff of pol
lutants to waters of the United States to comply with applicable Federal, 
State, interstate, and local requirements respecting the control and 
abatement of water pollution to the same extent as any nongovernment 
entity. 

National Pollutant Discharge Elimination System INPDESl. The Environ
mental Protection Agency is the permitting and enforcement agency for 
NPDES permits issued to facilities that discharge to surface waters 
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unless authority has freen delegated to tl\e states. T~e states of con
cern in this EIS with delegated authority for NPDES permits are 
Colorado, Illinois, Michigan, North Carolina, and Tennessee .. 

Potential discharges to surface waters are indicated in Table 6-1. 
Should a site be selected' in which discharges to surface 11ater are 
proposed, the DOE would consult with the EPA or the designated state 
<:uthority concerning requirements for NPDES perm:i ts. 

Dredge and Fill Permits. The CWA, Section 40/f, establ'ishes. a perm.it 
system for the dredge· amt fill material in waters of tile Un.ited' States, 
1-;hich is administered by· the tl.S. Army Corps of Engineers. This permit
ting requirement applies to nav·iga!:lle waters incladfng their wetlands. 
The only State to whic.h authority has b'een d'elegated' under Section 404 
of the CWA is M.ichigan. Construction of certain SSC facilities may 
occur in wetlands (.see: Table 6-2). Should a site be selected' fer which 
facilities ai-e proposed in wetlands, the DOE would' consult with the 
Corps of Engfnee·rs or designated state authority regarding 404 permits. 

[ntidegradation. The water q:1ality management plan.s of all of the States 
of concern in this EIS include antidegradation provisions, to· protect 
the existing quality of waters in accordan.ce with. 40 CFR 131.12. The 
antidegradation policies of the states rely on the "best technical 
judgment" of their staff and/or radiation. and chemical concentration 
limits. There are differences among states in the implementation of the 
policies and the extent to which they allow variances. Before project 
operations are initiated, potential contamination would have to be eval
i;ated against the rele,vant antidegradation policy and any standards in 
effect at that time. 

6.2.2 Executive Order 11988: Floodplain tfanagement (May 24, 1977) 

This Executive Order requires Federal agency procedures to enstire that 
the potential effects of any action undertaken in a floodplain consider 
flood ha.zards and floodplain management and avoid floodplain imp~.cts 
to the extent pr act i cable. DOE regul at i ans at :O CFR 1022 est ab 1 i sh 
procedures for DOE compliance. Proposed sites that may have facilities 
affecting floodplains are identified in, Table 6-3. Assessment of SSC 
project actions proposed in floodplains Is contained in Chapter 5. 

5.2.3 Executive Order 119.90: Pfotectfon of Wetlands (May 24, 1977) 

This Executive 01:der requires all Federal agencies to consider wetland 
protect·iorr in decision-making and to avoid impacts to wetlands to the 
extent practicable. DOE regulations (IO CFR 1022) establish procedures 
for DOE compliance fer actions which may affect a wetland, and require 
the DOE to assess t~e effects of the action on the survival, quality, 
and natural and beneficial values of the wetlands and' to avoid' impacts 
to wetlands to the extent practicable. These assessments have been 
included in Ch.aptel'.' 5 of this EIS. Proposed sites that may affe«:t 
wetlands were id'entified in Table 6-2. 
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Table 6-1 

POTENTIAL POINT SOURCE DISCHARGES 
WHICH MAY REQUIRE NPDES PERMITS 

State Direct Discharge 

Arizona 
Near STP - Waterman Wash 
Far STP - Bender Wash 

Colorado 
Near STP -· Badger Creek 
Far STP - Beaver Creek 

Illinois 
El 
Fl 
E2 
F2 
E3 
F3 
E4 
F4 
ES 
Kl 
K2 
K3 
K4 
FS 
[6 
F6 
E7 
F7 
EB 
F8 
E9 
F9 
EID 
FIO 

Michigan 

El 
Fl 
E2 
F2 
E3 
F3 
E4 
F4 
ES 
FS 
K3 
K4 
E6 
F6 
E7 
F7 
E8 
F8 
E9 
F9 
EIO 
FIO 
Kl 
K2 
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Unnamed Tributary 
Waubansee Creek 
Waubansee Creek. 
Waubaosee Creek 
Unnamed Tributary 
Blackberry Creek 
Sig Rock Creek 
Big Rock Creek 
Welch Creek 
Unnamed Tributary 
Unnamed Tributary 
Welch Creek 
Welch Creek 
Welch Creek 
Welch Creek 
Virgil Ditch Mo. I 
fer son Creek 
Ferson Creek 
Ferson Creek 
Otter Creek 
Unnamed Tributary 
Unnamed Tributary 
Kress Creek 
Unnamed Tributary 

Unnamed Tributary 
Portage River 
Portage River 
Portage A lver 
Grand River 
Tobin Snyder Drain 
Unnamed Tributary 
Unnamed Tributary 
Unnamed Tr-lbutary 
Perry Creek 
Perry Creek 
Perry Creek 
Sycamore Creek 
Tolmadge Drain 
Mud Creek 
Deer Creek 
Sweeny Drain 
Doan Creek 
Doan Creek 
Doan Creek 
Thornopple Creek 
Thornapple Creek 
Thornapple Creek 
Unnamed Tributary 

Affected Major Streams 
or Lakes 

Gila River 
Si Ta River 

South Platte River 
South Platte River 

fa)( River 
Fox River 
Fox River 
Fox River 
Fox River 
Fox River 
Fox River 
Fox River 
Fox River 
Fox River 
Fox River 
Fox River 
Fox River 
Fox R:1¥er 
Fox River 
K1shwaukee River 
Fox R1'ier 
Fox River 
Fox River 
Fox River 
Fox River 
Fox River 
OuPa:ge River 
Fox River 

Huron River 
Grand River 
Grand River 
Grand River 
Grand River 
Grand River 
Grand River 
Grand River 
Grand River 
Grand River 
Grand River 
Grand River 
Grand !Mver 
Grand River 
Grand River 
Grand Rivir 
Grand RiWr 
Grand River 
Grand River 
Grand River 
Grand River 
Gr-and River 
Grand River 
Huron River 
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State 

North Carolina 

El 
Fl 
E2 
F2 
[3 

F3 
[4 
F4 
ES 
K3 
K4 
FS 
E6 
F6 
E7 
Fl 
E8 

F8 
E9 
F9 
E!O 
FJO 
Kl 
K2 

Tennessee 

Near STP* -
El 
Fl 
[2 
F2 
E3 
F3 
E4 
F4 
E5 
K3 
K4 
FS 
E6 
F6 
E7 
F7 
E8 
FB 
E9 
F9 
EIO 
FlO 
Kl 
K2 

Texas 

Near STP -

Far STP 
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Table 6-1 (Cont) 

POTENTIAL POINT SOURCE DISCHARGES 
WHICH MAY REQUIRE NPDES PERMITS 

Direct Discharge 
Affected Major Streams 

or Lakes 

Dial Creek 
Flat River 
South Flat River 
North Flat River 
Unnamed Tributary to 
North Flat River 
Mar low Creek 
Hill Creek 
Mayo Creek 
Mayo Creek 
Unnamed Tributary to Mayo Creek 
Unnamed Tributary ta Mayo Creek 
Unnamed Tributary to Mayo Creek 
Grassy Creek · 
Mountain Creek 
Blue Creek 
North Fork 
Unnamed Tributary to 
North Fork 
Owen Creek 
Unn&~ed Tributary 
Unnamed Tributary 
Unnamed Tr·ibuta1·y 
Unnamed Tributary 
Unnamed Tributary 
Dial Creek 

West Fork Stones River 
West Fork Stones River 
Lytle Creek 
Lytle Creek 
Dry Fork Creek 
Unnamed Tributary 
Hut ton Creek 
North Fork Creek 
North Fork Creek 
Clem Creek 
Clem Creek 
Wi 1son Creek 
Wilson Creek 
Lick Creek 
Wilson Creek 
South Fork Flat Creek 
Cove Branch 
Overa 11 Creek 
Nelson Creek 
Nelson Creek 
Unnamed Tributary 
Overa 11 Creek 
Annstrong Branch 
Annstrong Branch 
Unnamed Tributary 

Unnamed Tributary to 
Chambers Creek 
Cottonwood Creek 

Flat River 
Flat River 
Flat River 
Flat River 

Flat River 
Flat R Iver 
Flat River 
Flat River 
Flat River 
Flat River 
Tar River 
Tar River 
Roanoke River 
Roanoke River 
Roanoke River 
Tar River 

Tar River 
Tar River 
Tar River 
Tar River 
Neuse River 
Lake Butner (Ne"se) 
Lake Butner (Neuse) 
Flat River 

Stones River 
Stones River 
Stones River 
Stones River 
Stones River 
Duck River 
Duck River 
Duck River 
Duck River 
Duck River 
Duck River 
Duck River 
Duck River 
Duck River 
Duck River 
Duck River 
Harpeth River 
Harpeth River 
Harpeth River 
Harpeth River 
Stones R 1ver 
Stones River 
Stones River 
Stones R tver 
Stones River 

Trinity River 

Trinity River 
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Table 6-2 

SITES WITH FACILITIES PROPOSED IN WETLANDS 

State Wetland Locations 1 

Arizona none 

Colorado B, El 

Illinois Fermilab (A,B), 
F4, F8, F9, FlO 

Michigan A, B, El, E4, ES, Fl 
F9, FlO, K2 

North Carolina A, B, E2, E3, F7 

Tennessee ,A, B, Fl' K2, K6 

Texas A, B, K6 

I. Wetlands occurring within future expansion facilities 
(area C, the J sites, and sites K3 and K4) are not 
considered here because these sites may not be developed 
(see Chapter 3, Section 3.7.3). 
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Table 6-3 

SITES WITH FACILITIES ENCROACHING INTO FLOODPLAINS 
(INCLUDING FUTURE EXPANSION AREAS) 

State 

Arizona 

Colorado 

Illinois 

Michigan 

North Carolina 

Tennessee 

Texas 

Floodplains 

none 

J2, E3, F3, K3, K6, 
EB, El, F8 

K4, J3, J6, FS 

Campus (A, B, C) 
Fl, F2, F6 

Campus (B, C), E2, 
J6, K6, JS, J2 

Campus (A, C) 
Fl, E6, El, J2, J4, FIO 

J2, J3, J4, El, E9, J6 

6.2.4 The Safe Drinking Water Act (42 USC 300f et seq.) 

The purpose of the Safe Drinking Water Act (SOWA) is to set primary 
drinking water standards for owners/operators of public water systems 
and to prevent underground injection that can contaminate drink"ing water 
sources. 

National Primary Drinking Water Regulations, 40 CFR 141. These regula
tions define maicimum contamination levels in public water systems. The 
EPA has delegated authority for regulating public water supplies to the 
seven states where the site alternatives are proposed. Proposed sources 
of potable water for the SSC are indicated in Table 3-3, Section 3.4. 

Underground In.iection Control (U!Cl, 40 CFR 144, 146. Under the SOWA, 
any planned disposal of fluids by well injection with the potential to 
contaminate groundwater that is an actual or potential source of drink
ing water requires a specific rule by EPA or a UIC permit. 

The states which have been delegated authority to issue UIC permits are 
Illinois and Texas. Michigan has proposed reinjection as an alternative 
method for disposal of treated dewatering wastes. Such an activity would 
require consultation with the EPA regarding permit requirements. 
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6.2.5 Clean Air Act (42 USC 7401 et seq., as amended} 

The Clean Air Act (CAA) sets national primary and secondary ambient air 
quality standards, requires that specific emission increases for major 
stationary sources and modifications thereto will be evaluated so as to 
prevent a significant deteri or at ion in air quality, and provides a:itho
rity to the EPA to set national standards for performance of new sta
tionary sources of air pollutants and standards for emissions of hazard
ous air pollutants. As a result EPA has established several air per
mitting programs. The implementing regulations are described in t.!1e 
following paragraphs .. 

National Primary and Secondary Ambient .Air Quality Standards (40 CFR 501. 
National primary ambient air quality standards define levels of air 
quality judged by the EPA to be necessary to protect public health; 
secondary standards, which are lower, protect the pub1ic welfare. Stan
dards are promulgated for sulfur oxides, particulates, carbon monoxide, 
photochemical oxidants, hydrocarbons, and nitrogen oxides (NOx). These 
standards are enforced by the states through State implementation"plans. 
DOE will consult with the state whose site is selected as to permit 
requirements. 

Prevention of Siqnific;ant Deterioration of Air Qua] ity (40 CFR_2il. 
1his policy was incorporated into the CAA to limit increases of poilu
tants in clean air areas to specific increments even though the ambient 
air standards are being met. Any stationary source with the potential 
to emit more than 250 tons/yr of regulated pollutants, including NOx, 
requires a Prevention of Significant Deterioration (PSD) permit. Only 
Texas does not have regulatory authority from EPA for this program; thus 
the Texas site would be covered by EPA regulations. 

As discussed more fully in Appendix 8, the SSC would not qualify as a 
major stationary source, therefore no PSD permit would be required for 
the facility. However, if the State-proposed incinerator option for 
solid waste disposal were implemented at the Illinois, Michigan, or 
North Carolina sites, the PSD permit process would apply to operation of 
an incinerator. If an incinerator were used, 00£ would consult with the 
appropriate agency as to permit requirements. 

!i~tional Emission Standards for Hazardous Air Poll!W!nts <NESHAPl (4Q 
CFR 61\; National Emission Standards for Radionuclide Emissions {J"JlJ!! 
Department of Energv !DOE) Facjlitjes (Subpart..J:!l. National Emission 
Standards for Haiardous Air Pollutants have been established for 
beryllium, mercury, asbestos, vinyl chloride, and other hazardous materi -
als, including radionuclide emissions from DOE facilities. 40 CFR 61.92 
establishes limits for annual radiation dose equivalents to members of 
the general public resulting from air emissions from DOE facilities. 
These annual limits are 25 mrem to the whole body and 75 mrem to the 
critical organ of any individual. Doses due to radon.220 and radon-222 
and their respective decay products are excluded from these limits. Thf! 
regulations also require OoE· to notify and obtain approval from the 
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Administrator of the EPA prior to the start of construction on a new 
source of emissions er modification of an existing source of emissions 
of radionuclides. 

The SSC project, at all site alternatives, may produce air emissions of 
hazardous materials, including radionuclides, in very small amounts. As 
discussed more fully in Appendices 8 and 10, air emissions of nonradio
active, hazardous materials may result from evaporative loss of volatile 
substances used in experimental areas and for site and equipment main
tenance. Minuscule amounts of radioactive air activation products that 
are formed during SSC operating periods may be emitted during ventila
tion of the experimental halls. DOE will consult with the Administrator 
of the EPA (or appropriate state authorities) regarding any necessary 
approval procedures for the SSC facility. · 

6.2.6 Solid Waste Disposal Act, as amended by the Resource Conservation 
and Recovery Act (RCRA) of 1976 and the Hazardous and Solid Waste 
Am~ndments of 1984 (42 USC 6901-6987) 

RCRA provides for protection of public health and the environment from 
activities. associated with the use, handling, treatment, and disposal of 
solid and hazardous wastes. It sets forth requirements for generators 
and transporters of hazardo~s waste and also establishes a specific 
permit program for treatment, storage, and disposal of hazardous wastes. 

Subpart 0 of RCRA provides for the development of state plans for solid 
waste disposal and resource recovery. The objectives of Subpart D are 
to assist in developing and encouraging methods for solid waste d'isposal 
that are environmentally sound, maximize the recovery of valuable re
sources from solid waste, and encourage resource conservation. Solid 
waste is defined by the Act as any garbage, refuse, sludge from a waste 
treatment plant, water supply treatment plant, or air pollution control 
facility, and other discarded material, including solid, liquid, semi
solid, Or contained gaseous material resulting from industrial, commer
cial, mining, and agricultural operations, and from community activities. 

The EPA has promulgated guidelines to assist in the development and 
implementation of State solid waste management plans. These include 
criteria for the operation of landfills. If an on-site landfill alter
native is selected, as proposed by the States of Arizona, North 
Carolina, and Colorado, consultation with the appropriate regulatory 
agency would be initiated to assure consistency with the state solid 
waste plan. 

The EPA has promulgated regulations to implement RCRA Subpart C for 
treatment, storage, and disposal (TSO) of hazardous waste in 
40 CFR 260-270. The hazardous waste regulations contain interim status 
standards applicable to TSO hazardous wastes or constituents from solid 
waste management units at a TSO facility. The EPA has authorized the 
seven states to conduct portions of the RCRA hazardous waste interim 
status and final status permit program for hazardous wastes. 
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All seven states have authority to implement the base RCRA permit pro
gram. Also, only Colorado has an approved program including regulations 
recently issued by EPA under the Hazardous and Solid Waste Amendments of 
1984. 

Generally, all generators must provide documentation (a "manifest") of 
the creation of the waste, and the waste must be tracked from generation 
through treatment, storage, and/or final disposition. The RCRA regula
tions also require that Department of Transportation (DOT) regulat·ions 
for packaging, labeling, and transporting hazardous materials and wastes 
be followed. These are found in 49 CFR 100-199. 

Two states, Arizona and Colorado, are in the process of constructing a 
RCRA-permitted disposal facility each within 5 mi of the State's pro
posed SSC location. In-state disposal facilities available for accept
ing SSC wastes are located in Texas, Illinois, and Michigan. ·Hazardous 
waste generated in North ca·rol ina or Tennessee by the SSC would be 
shipped to disposal facilities out-of-state. 

For mixed wastes, that is, those containing both hazardous waste and 
radioactive waste components, the hazardous waste components are subject 
to RCRA regulations. Mixed wastes generated by any of the proposed 
activities would be treated, stored, and disposed of in accordance with 
applicable EPA and state requirements. Only Colorado has the authority 
to regulate mixed radioactive and hazardous wastes. Mixed wastes are 
not expected to be generated at the SSC. However, if this expectation 
is 'wrong, these wastes would be disposed of in accordance with the 
requirements of RCRA. 

The low-level radioactive waste (LLRW) would be disposed of in solid 
form consistent with the provisions of DOE Order 5820.2A or 10 CFR 61, 
as applicable. Texas is in the process of developing a low-level 
radioactive waste site in Hudspeth County, which is about 700 miles from 
the proposed site. Colorado, North Carolina, and Tennessee are in the 
regional LLRW compacts which have access to the existing commercial LLRW 
disposal sites. Although the current plan is to dispose of LLRW from 
the SSC at a DOE facility in Richland, Washington, these sites may 
accept SSC wastes. 

6.2.7 Comprehensive Environmental Response, Compensation, and Liability 
Act (CERCLA) (42 USC 9601 et seq., as amended) 

CERCLA provides for funding and enforcement authority, cleanop, and 
emergency response authority for releases of hazardous subst~nces into 
the environment as defined in CERCLA. The DOE will comply with all 
reporting requirements for releases of hazardous substances into the 
environment and take appropriate action to respond to these re 1 ease,;. 

6.2.8 Emergency Planning and CollllKinity Right to Know Act of 1986 
{EPCRA) ( 42 USC 11001 et seq.} 

EPCRA establishes requirements for emergency planning, spill reporting, 
and inventory reporting for specified classes of hazardous substances at 
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commercial facilitjes or workplaces with an inventory of toxic/hazardous 
chemicals. The Act requires State and local emergency planning commit
tees to be established to prepare plans to respond to releases of 
"Extremely Hazardous Substances" listed by the EPA. Owners and opera tors 
of facilities must immediately notify the local and State committees of 
releases beyond facility boundaries of reportable quantities (initially 
set at one pound) of substances reportable under CERCLA Section 103(a}. 
In the unlikely event of an unpermitted release of hazardous substances, 
the DOE would comply with not ifi cation requirements and initiate appro
priate remedial action. Consistent with EPCRA, the DOE would also 
provide appropriate SSC project chemical inventory information to state 
and local emergency planning and response commissions. 

6.2.9 Noise Control Act of 1972 (42 USC 4901 et seq.) 

Section 4 of the federal Noise Control Act directs all Federal agencies 
"to the full est extent within their author Hy" to carry out programs 
within their jurisdiction in a manner that furthers a national policy of 
promoting an environment free from noise that jeopardizes public health 
or welfare. While no standards or EPA regulations have been promulgated 
under this Act, some states and local committees have issued noise-
1 imiting requirements. Activities associated with the SSC which would 
increase ambient noise levels include: l} construction of surface 
facilities and access shafts, experimental areas, and the tunnel; 
2) delivery of cryogenic materials during operations; and 3} operation 
of access shaft vent i1 at ion fans. The noise impacts of the proposed 
project at the site alternatives are discussed in Chapter 5 and Appendix 
9, along with mitigative measures which would be considered during the 
site-specific final design. 

6.2.10 American Indian Religious .Freedom Act (AIRFA) (42 USC 1996) 

AIRFA provides the policy of the United States to protect and preserve 
the rights of American Indians to believe, express, and exercise tribal 
religious beliefs. Sites identified or suspected to be sacred to one or 
more tribes might be present on the proposed sites. To date, consulta
tion with tribes and nations has not identified any sites of religious 
significance at the proposed sites. However, there is a potential for 
burial areas at all sites, as discussed in Chapter 5 and Appendix 15. 
During project activities, consultation would continue if any such areas 
are encountered. 

6.2.11 National Historic Preservation Act (HHPA), 16 USC 470 a-470w-6; 
Executive Order 11593, Protection and Enhancement of the 
Cultural Environment; Archaeological and Historic Preservation 
Act, 15 USC 469-469c; and Historic Sites Act, 16 USC 461-467 

Pursuant to these Acts and Executive Order 11593, DOE must provide an 
opportunity as appropriate for comment and consultation with the Advi
sory Council on Historic Preservation. 

After selection of the SSC site, the DOE would consult with the Advisory 
Council on Historic Preservation and Sf!PO and attempt to negotiate a 
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Programmatic Agreement (PA) pursuit to 36 CRF Section 800.13 with the 
Council and the SHPO. Compliance with this PA would satisfy all Section 
106 responsibilities for individual undertakings carried out in accord
ance with the agreements (see Section 4.9). Planned preconstruction 
activities include surveys necessary to validate the cultural resource 
assessments. 

6.2.12 ·Archaeological Resources Protection Act (ARPA) (16 USC 
470aa-47011) and the Antiquities Act (16 USC 431-33) 

A~PA is designed to protect archaeological resources on Federal and 
Native American lands by providing criminal and civil penalties for the 
unauthorized excavation and removal of these resources. ARPA enlarges 
and further defines requirements under the Antiquities Act. ARPA also 
requires consideration of the provisions of AIRFA. 

ARPA provides for the excavation and removal of archaeological resources 
that may be required during a cultural resources management plan and 
prior to surface-disturbing activities, and provides a process by which 
Native Americans can become involved in the consideration of tribal 
religious or cultural sites that may be impacted by archaeological 
investigations. · 

Permitting requirements are included in ARPA with waiver provisions. 

ARPA requires a permit from the Department of the Interior (DOI) for any 
excavation or removal of archaeological resources from public or Indian 
lands. Excavations must be undertaken for the purposes of furthering 
archaeological knowledge in the public interest. On Indian lands, con
sent must be obtained from the Indian tribe prior to issuance of a 
permit by the Bureau of Land Management (BLM), DOI, and the permit must 
contain all terms and conditions requested by the tribe. 

None of the site alternatives include Indian lands; however, more than 
60 percent of the Arizona site is situated on public lands. Should 
excavation or removal of archaeological remains be necessary on public 
lands at the Arizona site, DOE would consult with DOI regarding permit 
requirements. 

Under the Antiquities Act, the DOE is also responsible for the protection 
of paleontological resources as prehistoric properties. It should be 
noted that some resources, e.g., petrified wood, can be taken in limited 
amounts in recreational activities which wood increases as a result of 
increased access to the area de11eloped for the SSC. 

6.2.13 Endangered Species Act (16 .USC 1531-1543) 

The Endangered Species Act establishes a Federal policy to conserve 
endangered or threatened species of fish, wildlife, and plants. The DOE 
must determine whether any listed or proposed endangered or threatened 
species or their habitats would be affected by project activities. If a 
listed species or critical/proposed-critical habitat may be affected by 
the project, DOE must consult with the Regional Director, U.S. Fish and 
Wildlife Service (USFWS), DOI, and follow the USFWS procedures. 
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In accordance with requirements in 50 CFR 402, the DOE has initiated 
consultation for all seven proposed sites with the USFWS. Results of 
that consultation have been documented in Appendix 11, which also 
contains an assessment of threatened and endangered species at the 
proposed sites. Biotic surveys at the selected site would be performed 
during preconstruction in order to verify the assessments. 

6.2.14 Bald and Golden Eagle Protection Act (16 use 668-668(d)) 

The Bald and Golden Eagle Protection Act affords protection to bald and 
golden eagles by establishing penalties for the unauthorized taking, 
possession, selling, purchase, or transportation of eagles, their nests, 
or their eggs. The USFWS has the authority to issue permits for the 
taking or disturbing of eagles or their nests or eggs for certain 
purposes. If SSC activities would disturb bald or golden eagles or 
their nests, the DOE would initiate informal discussions with the USFWS 
regarding mitigation measures. 

At all proposed sites, except Colorado, eagles are known to occur only 
as migrants. In Colorado, bald eagle nesting and roosting habitats are 
adjacent to an access road the State proposes to construct between the 
Denver area and the SSC site. This activity would require Colorado to 
consult with the USFWS. 

6.2.15 Migratory Bird Treaty Act (16 use 703-712) 

The Migratory Bird Treaty Act affords protection to many species of 
migratory birds by prohibiting the pursuit, hunting, taking, capture, 
possession, or killing of such species or their nests and eggs. It is 
possible that some migratory birds or their nests or eggs could be 
impacted by activities associated with construction and operation of the 
SSC at all seven proposed sites. Although no permit for this project is 
required under the Act, the DOE is required to consult with the USFWS 
regarding impacts to migratory birds and to evaluate ways to avoid or 
minimize these effects in accordance with the USFWS mitigation policy. 

6.2.16 The Wild Free-Roaming Horses and Burros Act of 1971 (16 use 
1331-1340} 

This Act declares wild horses and burros to be "living symbols of the 
historic and pioneer spirit of the West." It protects wild horses and 
burros from capture, branding, harassment, or unlawful death. It pro
vides for the protection and management of wild horses and burros on 
public lands administered by the Secretary of the Interior through the 
BLM or by the Secretary of Agriculture through the Forest Service. 
A few wild burros are present on public l~nds in the vicinity of the 
Arizona site. The DOE would consult with BLM concerning protection of 
these animals. 
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6.2.17 The Fish and Wildlife Coordination Act (FWCA) (16 USC 661-666c) 

This law requires consultation with the USFWS to consider fish and wild
life resources when water bodies, including wetlands, are to be modified, 
controlled, or impounded. It then requires. action to be taken to prevent 
loss and damage to these resources and to provide for their development 
and improvement. 

All alternative sites except Arizona contain wetlands. Wetlands assess
ments are provided in Chapter 5 and Appendix 11. Planned preconstruction 
activities include wetland surveys to validate the assessments, deter
mine the need for consultation with the USFWS under the FWCA, and incor
porate appropriate mitigation into final project design. 

5.2.lS The Wilderness Act of 1964 (16 USC 1131-1136) 

The Wilderness Act of 1964 instructs Federal land management agencies to 
inventory their lands to determine the suitability of such lands for 
inclusion in the National Wilderness Preservation System. FLPMA applies 
these requirements to public land (see Section 6.2.20). It also pro
hibits numerous activities on designated wilderness areas. These activ
ities include commercial enterprises, permanent and temporary roads, 
motorized travel, boats, aircraft, structures, and installations. 

At the Arizona site, several project facilities would be located in 
three Wilderness Study Areas (WSA's) administered by the BLM. A dis
cussion of the relationship of the SSC to acquisition of public lands 
for the SSC and the WSA's is incorporated in Section 4.8. 

6.2.19 The Farmland Protection Policy Act (FPPA) (7 USC 4201-4209.) 

The FPPA would apply to the SSC if the selected site would require 
taking any farmlands. This Act requires Federal agencies to minimize or 
eliminate the unnecessary and irreversible conversion of farmland to 
nonagricultural uses and to assure that Federal programs, to the extent 
practicable, are compatible with state, local government, and private 
programs to protect farmland. 

Construction of the SSC at any of the site alternatives, except in 
Arizona, would affect farmland. The DOE has consulted with the Soil 
Conservation Service regarding farmlands which would be converted by the 
SSC project at the site alternatives. Assessment of farmland conversion 
is presented in Chapter 5 and Appendix 13. 

6.2.20 The Federal Land Policy and Management Act (FLPHA) of 1976 (43 
USC 1701-1782) 

FLPMA gave the BLM. a mandate, among other charges, to: 1) manage public 
land accordi.ng to land us.e plans developed with public participation and 
involvement; 2) maintain an inventory of the public lands and their 
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resource values; 3) establish a policy of requiring fair market value 
for the use of public lands; and 4) authorize the establishment of 
citizen's advisory councils. 

FLPMA also provides for withdrawals of public lands for specific uses. 
The Arizona proposal includes provisions that 6,748 acres of public 
lands administered by the BLM be made available to the DOE for the SSC 
project. At present, no firm plan for transfer has been agreed to. A 
combination of withdrawal and rights-of-way is currently under consider
ation. No other site alternative includes lands administered by the 
BLM. 

6.2.21 The Uniform Relocation and Real Property Acquisition Policies 
Act (42 USC 4601 et seq.) 

This law provides for uniform and equitable treatment of persons dis
placed from their homes, businesses, or farms by Federal programs. It 
also establishes uniform and equitable land acquisition policies for 
Federal and Federally assisted program. 

The Invitation for Site Proposals (ISP) requires the proposer of the 
selected SSC site to comply with the requirements of this Act when these 
lands are acquired by the proposer for transferal to the DOE. 

6.2.22 The National Trails System Act of 1968 (16 USC 1241 et seq.) 

The law institutes a national system of recreation, scenic, and historic 
trails as a means to provide for the ever-increasing outdoor recreation 
need of an expanding population and to promote the preservation of 
public access to, travel within, and enjoyment and appreciation of the 
open-air, outdoor areas and historic resources of the nation. 

Construction of the SSC in Illinois would affect a national recreation 
trail; however, it is expected that there would be only minimal 
disruption caused in its use as construction activities occurred in 
adjacent areas. 

6.3 DOE ORDERS' 

The DOE exercises its responsibilities for protection of public health 
and safety and the environment through a series of DOE Orders. The DOE 
general environmental protection policy is set forth in the "Environ
mental Policy Statement," DOE Notice 5400.1, issued by the Secretary on 
January 8, 1986, and extended on January 7, 1987. It states the DOE's 
commitment to national environmental protection goals by conducting 
operations "in an environmentally safe and sound manner ..• in compliance 
with the letter and spirit of applicable environmental statutes, regu
lations, and standards." This Environmental Policy Statement also 
contains a departmental commitment to •good environmental management in 
all of its programs and at all of its facilities in order to correct 
existing environmental problems, to minimize risks to the environment or 
public health, and to anticipate and address potential environmental 
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problems before they pose a threat to the quality of the environment or 
public welfare." Further, "it is DOE's policy that efforts to meet en
vironmental obligations be carried out consistently across all opera
tions and among all field organizations and programs." 

The SSC would be constructed and operated as a Federally funded research 
and development center. The operating contract would include a clause 
in which the DOE elects to enforce health and safety requirements and 
which makes compliance with all relevant DOE health, safety and environ
mental orders a contractual requirement. The operating contractor would 
also be responsible for construction. The major DOE orders pertaining 
to the construction and operation of the SSC are briefly discussed 
below. 

6.3.l DOE Order 5440.IC, National Environmental Policy Act (NEPA) 

This Order establishes responsibilities and sets forth procedures neces
sary for the DOE to implement NEPA, as amended. 

6.3.2 DOE Order 5480.18, Environmental Protection, Safety, and Health 
Protection Program for DOE Operations 

This Order provides the organization, assigns responsibilities, and es
tablishes the components of an environmental protection, safety, and 
health protection program applicable to all DOE operations. It is cur
rently being revised.{1988), and as a part of the revisions, its 14 
chapters are being issued as separate DOE Orders in a 5400 series. While 
compliance with draft revisions {i.e., revisions not formally approved 
by the DOE) is not required, the SSC project would be designed to comply 
with the intent of these draft revisions. 

Chapters XI and XII, which are currently in revision, have direct applic
ability to this EIS. Chapter XI provides, among other things, radiation
protection standards for occupational and nonoccupational exposures. It 
also provides radionuclide concentration guides for airborne emissions 
and liquid effluents. Chapter XI additionally sets forth monitoring 
requirements to ensure that these standards are met. Chapter XII es
tablishes pollution and compliance with environmental protection laws 
and with Executive Order 12088. 

The current draft revision to DOE Order 5480. IB, Chapter XI (DOE Order 
5480.xx [March 31, 1987]) and draft DOE Order 5400.3, provide public 
radiation exposure limits and add a new section on environmental protec
tion. Except under unusual circumstances, the radiation dose limit to a 
member of the public is 100 mrem/yr. The derived concentration guides 
(DCG's) for members of the public who are not "occupational workers" are 
based on input from various national and international organizations 
(primarily the International Commission on Radiological Protection 
(ICRP)). These DCG's establ.ish allowable upper limits· of radioisotope 
concentrations in air and water above natural background levels that 
would be a result of ingestion or inhalation~ A more detailed 
discussion is presented in Appendices 10 and 12. 
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The requirements of the draft rev1s1on also implement regulations con
cerning the protection of soils, aquifers, natural waterways, and aqua
tic organisms against avoidable contamination by radioactive materials. 
Definitive radiological monitoring requirements have been established, 
and additional guidance on recommended procedures and activities has 
been developed. General requirements also are included concerning capa
bilities to detect and assess unplanned releases of radioactive material 
and radiological consequences. 

6.3.3 DOE Order 5480.4, Environmental Protection, Safety, and Health 
Protection Standards 

Order 5480.4 specifies and provides "requirements for the application of 
the mandatory environmental protection, safety, and health standards 
applicable to all DOE operations." This Order lists both mandatory and 
reference standards that are applicable to the environmental protection, 
safety, and health program established by DOE Order 5480.lB. 

6.3.4 DOE Order 5483.lA, June 22, 1983 

This Order provides several requirements and procedures for the 
establishment of an occupational safety program at Government-owned 
contractor-operated facilities. 
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CHAPTER 7 PREPARERS AND REVIEWERS 

Those who prepared this EIS for the SSC are identified below. The 
overall effort for the Department of Energy was led by Dr. L. Edward 
Temple, Jr., Executive Director, SSC Site Task Force, Office of Energy 
Research. Robert Selby, Director, Project Management and Engineering 
Division (PMED), Chicago Operations Office and Robert Wunderlich, Deputy 
Director, PMED, had direct responsibility for the development of the 
EIS. 

Reviews of the analyses and draft materials for the Department of E10ergy 
were provided by staff from: Office of Energy Research; Office of 
General Counsel; Assistant Secretary, Environment, Safety, and Health; 
Assistant Secretary, Management and Administration, and the Chicago 
Operations Office. Staff contributing to the documents are listed 
below; their educational credentials and area of expertise are given 
when they are first listed: 

Document Overview 

L. E. Temple 

R. C. Selby 
R. C. Wunderlich 
R. H. Nolan 

D. G. Trost 

D. R. Getz 
T. J. Reese 

v. L. Prouty 
R. A. Mayes 

A. M. deBlanc 

Ph.D. Nuclear Engineering; Construction 
Management 

M.S. Nuclear Engineering; Project Management 
M.S. Nuclear Engineering; Technical Management 
M.S. Public Administration; Engineering 

Management 
A.B. Political Science; Real Estate and 

Facilities Management 
M.S. Physics; Physicist; Scientific Administration 
M.S. Geological Science; Economic Geology; 

Quality Assurance 
J.D. Law; Environmental Law 
Ph.D Environmental Science; Environment, Safety, 

and llealth Management 
J.D. Law, Environmental Law 

Engineering Analyses; Cost Analyses 

J. R. Scango 
J. R. Sanford 
D. R. Lehman 

T. E. Elioff 

Decommissioning 

D. R. Getz 
J. R. Sanford 
T. E. Eli off 

1CHP7A336881 

B.S. Mechanical Engineering; Project Management 
Ph.D. Physics; Acee l erator Physics 
B.S. Civil Engineering; Construction Project 

Management 
Ph.D. Physics; Accelerator Physics 
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Land Acquisition 

O. G. Trost 

Affected Environment 

R. C. Wunderlich 
N. Swift 
J. J. Nelsen 

W. S. White 

Geological Analyses 
and Earth Resources 

0. R. Lehman 
T. A. Baillieul 
T. J. Reese 

Water Resources 
and water Supply 

0. R. Lehman 
O. R. Getz 
T. A. Bai 11 ieul 

Preparers and Reviewers 7-2 

B.S. Chemical Engineering; Tec.hnical Management 
Ph.D. Environmental Engineering; Health 
Physics; Environmental Science 
Ph.D. Biological Engineering; Environmental 
Science 

M.S. Geology; Geology 

Air Quality and Noise and 
Vibration (Blasting) 

R. C. Wunderlich 
N. Swift 

waste Management 

0. R. Getz 

Ecological Resources 

J. J. Nelsen 

Land Resources 

0. G. Trost 

Socioeconomics and 
Infrastructure 

R. A. Zich 
H. K. Mitchell 
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B.S. Economics; Procurement Manager 
M.B.A. Procurement 
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Cultural Resources 

R. C. Wunderlich 

Scenic and Visual 
Resources 

J. R. Scango 

Occupational Safety and 
Public Health and Safety 

D. R. Getz 
J. R. Sanford 
J. J. Nelsen 

Preparers and Reviewers 7-3 

Assistance was provided to the DOE by the staff of RTK, a joint venture 
of Kaiser Engineers, Tudor Engineering, and Keller and Gannon-Knight, 
and several subcontractors and consultants. Subcontractors were: The 
Earth Technology Corporation, Sitex, Inc., and Robert D. Niehaus Asso
ciated. Consultants were: Larry Headley (scenic and visual resources), 
R. W. Ramsey, Jr. (radon emanation), and J. P. Corley (reviewers of 
radiation issues; health impacts assessment). The assistance provided 
included engineering support, geotechnical support, and environmental 
analyses. These support efforts and analyses were based on the body of 
research and development findings (See Chapter 9, Principal References), 
the proposal and supplemental data submitted by the BQL states, and 
publicly available informatioQ concerning the seven regions of the site 
alternatives. 

RTK programmatic overview was provided by Dr. G. Mack Riddle (Ph.D. 
Civil Engineering; Project Management), SSC Project Manager. 
Dr. Beverly S. Ausmus (Ph.D. Ecosystem Analysis; Systems Ecology) served 
as the EIS Task Manager, and Robert Schenker (M.S. Environmental Engi
neering) served as Deputy EIS Task Manager. Information services were 
provided by Ethel Q. McDonald (M.s. Library and Information Science), 
assisted by Victoria C. Smith, including Principal References (Chapter 
9), literature cited, and bibliographies for each proposed site. 
Quality Assurance Manager was Frances Dooley (M.S. Nuclear Engineering). 
Editorial and production support was led by JoAnn Ugolini, assisted by 
Nydia Avalos, Kay Braggs, Paula Dierkop, Marlene Friedlander, 
Analisa Ghent, Roxie Harris, Oona V. Jackson, Elfe R. Kuesters, 
Mynor Lau Comparini, Deirdre Levenson, Heather MacDougall, Gwen Miller, 
Janet Mardesiane, Jacqueline McKinley, Nancy Overtone, Janine C. Quinn, 
Robin Reames, Yvonne L. Schibsted, Judy Torrison, William Tuohy, and 
Lori Ann Walker. 

RTK technical staff contributing to the preparation of the detailed 
analyses are identified as follows: 
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Volume I 

Lead - Laura A. Hofman 

Matthew L. Werner 
Richard L. Bateman 
Derrick J. Coleman 
Mark A. Strehlow 

Paula A. Trinoskey 

Mark A. Golembiewski 
Dilip G. Derasary 
Sharron E. Rogers 

Sally L. Higman 

Suren Dakessian 
Robert D. Niehaus 
Robert W. Schenker 
Lawrence C. Headley 
Rainer Rungaldier 

Volume IIA 

Lead - JoAnn Ugolini 

Volume IIB 

Lead - Sally L. Higman 

Volume III 

DOE Site Task Force Staff 

Volume IV 

Lead - Robert W. Schenker 

Appendix I 

Preparers and Reviewers 7-4 

B.S. Chemical Engineering; Engineering and 
Mitigation 

Ph.D. Geology; Geology 
Ph.D. Hydrology; Groundwater Hydrology 
Ph.D. Geomorphology; Surface Water Hydrology 
B.S. Chemical Engineering; Air Pollution 
Modelling and Control 
M.S. Physics; Health Physics and Health Risk 
Assessment 
M.S. Industrial Health; Health Hazards 
B.S. Chemical Engineering; Waste Treatment 
M.S.P.H. Environmental Sciences and 
Engineering; Ecology 
M.P.I. Urban and Regional Planning, M.A. 
Government; Land Use 
Ph.D. Soil Physics; Soil Science 
Ph.D. Economics; Socioeconomics 

M.L.A; Scenic and Visual Resources 
M.S. Civil Engineering; Structural 
Engineering 

Lead - Donald W. Scapuzzi A.A. Civil Engineering; Tunnelling 

Rainer Rungaldier 

Douglas R. Boyd 
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B.S. Chemical Engineering; Engineering a11d 
Decommissioning 
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Appendix 2 

Lead - Mack Riddle 

Rainer Rungaldier 
Wu-Chieh Chen 

Donald W. Scapuzzi 

Appendix 3 

.Lead - Douglas R. Boyd 

Paula A. Trinoskey 

Appendix 4 

Lead - Lor C. Gehret 

Sally L. Higman 
Donald W. Scapuzzi 

Appendix 5 

Lead - Laura A. Hofman 

Matthew L. Werner 
Richard L. Bateman 
Mark A. Strehlow 

Paula A. Trinoskey 
Mark A. Golembiewski 
Dilip G. Derasary 
Sharron E. Rogers 

Sally L. Higman 
Suren Dakessian 
Robert D. Niehaus 
Robert W. Schenker 

Edward B. Wei 1 
Lawrence C. Headley 

Appendix 6 

Lead - Matthew L. Werner 

Khosnow Bakhtar 
Brenda S. Meyer 
Bruce A. Sche 11 

ICHP7A336B85 

Preparers and Reviewers 7-5 

Ph.D. Civil Engineering; Structural Engineering; 
Cost Estimation 

M.S. Structural Engineering; Engineering 
Design 

A.B. Astronomy, M.A. French; Land 
Acquisition 

Ph.D. Mining Engineering; Mining Engineering 
M.S. Geologic Engineering; Geologic Engineering 
B.S. Geology; Geology 

DEIS Volume I Chapter 7 



Appendix 7 

Lead - Richard L. Bateman 
Lead - Derrick J. Coleman 

Gerald D. Bickel 
Patricia D. Royalty 
Philip K. f. Tang 

Appendix 8 

Lead - Mark A. Strehlow 

Richard O. Smith 

Appendix 9 

Lead - Mark A. Strehlow 

Richard 0. Smith 

Appendix 10 

Lead - Paula A. Trinoskey 

Mark A. Golembiewski 
Oil i p Derasary 
Frank S. Gee 
Jou Hwang 

Philip K. F. Tang 

Appendix 11 

Lead - Sharron E. Rogers 

Jack Elder 
Anuja Parikh 

Appendix 12 

Lead - Paula A. Trinoskey 

Mark A. Golembiewski 
Frank S. Gee 
Jou Hwang 
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Preparers and Reviewers 7-6 

M.S. Civil Engineering; Surface Water Hydrology 
B.A. Earth Science; Groundwater Hydrology 
8.S. Earth Sciences; Database Analysis, 
Hydrology 

B.S. Chemical Engineering; Noise ModeJling 

B.A. Physics; Health Physics 
Ph.D. Health Physics; llealth Physics and 
Industrial Hygiene 

Ph.D., Ecology; General Ecology 
M.S. Geography; Commercially, Recreationaily, 
or Culturally Important Species 

DEIS Volume I Chapter 1 



Appendix 13 

Lead - Sally L. Higman 

John J. Billovits 
Suren Dakessian 

Appendix 14 

Lead - Robert W. Schenker 
Kirit Patel 
Victor Steffen 

Lead - Nathan Gale 

C. Michael Costanzo 
L. J. Gorenflo 
Robert Silsbee 
Aaron Goldschmidt 
Robert McGillivray 
Tacy Costanzo 

Appendix 15 

Lead - Edward B. Weil 

Jill Weisbord 

Appendix 16 

Lead - Lawrence C. Headley 
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B.A. Geography; Land Use 

M.S. Chemical Engineering; Transportation 
B.S. Electrical Engineering; Utilities 

Ph.D. Geography; Socioeconomics 

Ph.D. Geography, Socioeconimics 
Ph.D. Geography, Socioeconomics 
B.A. Economics, Socioeconomics 
M.A. Geography, Socioeconomics 
Ph.D. Economics, Socioeconomics 
B.A. Geography, Socioeconomics 

M.A. Applied Archaeology; Cultural Resources 

Other contributors to the EIS support included: Vince Garcia (Systems 
Programmer), Kathe Bickford (Quality Assurance Technician), Nancy Hodge 
(Administrative Assistant), and Arlene Thiessen (Secretary). A special 
study on "Effects of the Noise from Construction and Operations of the 
Superconducting Super Collider on Selected Endangered and Declining 
Birds and Animals" was provided by Ann E. Bowles, F. T. Aubrey, and J. 
R. Jehl, Jr., of Sea World Research Institute under subcontract to RTK. 

Contributions were also made by the following DOE staff members and con
tractor support personnel: Mike Alderson, John Caffrey, Shirley 
Derflinger, Doug Duarte, Joyce Esworthy, Robert Green, Tammy Green, 
Gene Hughes, Ann Lee, Anna Lowe, Terrie Ray, Michael Wolfe, and 
Judy Virts. Programmatic overview was provided by Dr. R. E. Diebold, 
Director SSC Division, Office of Energy Research, Dr. L. E. Temple, and 
G. J. Scan go. 

Support to the EIS was also provided to the DOE by a technical support 
contract in Argonne National Laboratory (ANL) under the supervision of 
Anthony J. Dvorak (Ph.D. Plant Ecology), including personnel from ANL's 
Energy and Environmental Systems Division (EES), from Battelle 
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Memorial Institute (MI), and its Columbus Division, from Los Alamos 
Technical Associates (LATA}, and from Tetra Tech, Ir.c., (Tt). The 
support included: 

Progra11111atic Review; CLJmulative/Secondary Impacts Guidance: 

Elizabeth A. Stull (ANL) 

C011111ent Categorization 

Ph.D. Limnology; Aquatic Ecology 

Gary J. Manner, Lead (ANL) Ph.D. Physics.; NEPA Assistance 

Michael A. Lazaro (ANL) 

Richard Liebich (ANL) 
Lynn Malinowsky (ANL) 
Julie Muzzarelli (ANL) 

' S. Jay 01 shansky (ANL) 

Steven C. Patzer (ANL) 

Richard H. Pearl (ANL} 
Chi-Sheng Wang (ANL} 

Stanley A. Zwick (ANL} 

Wetlands Field Surveys 

Ihor Hlohowskyj (ANL} 
John R. Krummel (ANL) 
Kirk E. LaGory (ANL} 
William S. Vinikour, 

Lead (ll;NL) 

Public Meeting Support 

M.S. Environmental Sciences & Engineering; 
Air Quality/Noise 
B.E.E. Electrical Engineering; Noise 
M.S. Archaeology; Archaeology 
B.S. Biology; Biology 
Ph.D. Sociology; Socioeconomics/ 
Demographics 
B.S. Chemical Engineering and M.B.A.; 
Chemical Engineering 
M.A. Geology; Earth Resources 
Ph.D. Mechanical En~ineering; Mechanical 
Engineering 
Ph.D. Physics; Physics · 

Ph.D. Zoology; Aquatic Ecology 
Ph.D. Ecology; Technical Management 
Ph.D. Zoology; Terrestrial Ecology 

M.S. Biology; Ecological Resources/ 
Wetlands and Floodplains 

Antonios Antonopoulos (ANL) Ph. 0. Plant Pathology; Pl ant Pathology 
Cynthia Boggs-Mayes (ANL) M.S. Health Physics; Health Physics 

Ccmm1mt Response Technical Support to RTK 

Water Resources 

Albin Brandstetter (BMI) 
Gregory E. Kupillas (Tt) 
Stephan C.L. Yin (ANL) 
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Ph.D. Hydrology, Surface Water Hydrology 
M.S. Hydrology, Water Supply 
M.S. Civil Engineering, Surface Water 
Hydrology 
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Air Quality/Noise 

Michael A. Lazaro (ANL) 

Richard Liebich (ANL) 
Charles W. Rodman (BM!) 
Philip R. Sticksel (BMI) 

Ecological Resources 

Michael R. Thomas (ANL) 

Jody A. Zaitlin (Tt) 

William S. Vinikour (ANL) 
Kirk E. LaGory (ANL) 
Ihor Hlohowskyj (ANL) 
Kay Johnson (Tt) 

Leo D. Montroy (Tt) 
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M.S. Environmental Science & Engineering; 
Air Quality, Noise 
B.E.E. Electrical Engineering; Noise 
B.S. Physics; Noise 
Ph.D. Meteorology; Air Quality 

Ph.D. Natural Resource Management; 
Threatened and Endangered Species 
M.A. Marine Biology; Sensitive Habitat 
Assessment 

M.S. Biology; Wetlands Assessment 
Ph.D. Zoology; Wetlands Assessment 
Ph.D. Zoology; Wetlands Assessment 
Ph.D. Environmental Health; General 
Ecology 
Ph.D. Aquatic Ecology; Sensitive Habitat 
Assessment 

Health, Safety & Waste Management Issues 

John W. Peel (LATA) 

Jerry D. Rench (BMI) 

Stanley A. Zwick (ANL) 

Land Resources 

George Loudder (BMI) 

Socioeconomics 

Eric Robin Meale (BMI) 
S. Jay Olshansky (ANL) 
Ronald C. Sundell (ANL) 

R. Gary Williams (ANL) 

Ph.D. Environmental Health; Health 
Pliysics 
Ph.D. Environmental Health; <Health 
Physics 
Ph.D. Physics; Waste Management 

B.S. Government; Real Estate Values 

M.S. Economics; Socioeconomics 
Ph.D. Sociology; Demographics 
M.U.P. Urban & Regional Planning; 
Planning 
Ph.D. Sociology; Socioeconomics 

Comment Summary Document Support 

Helen Latham, Lead (BMI) 
Richard E. Toohey 
Steven Y. Tsai 
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B.A. Journalism; Technical Writing 
Ph.D. Nuclear Engineering; Abstracting 
Ph.D. Civil Engineering; Abstracting 
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Additional support was provided by the following members of EES who 
reviewed methodologies used for the assessments and provided methodology 
guidance: 

Sue Ann Curtis Ph.D. Anthropology; Cultural Resources 

Richard H. Pearl M.A. Geology; Earth Resources 

S. Y. Chen Ph.D. Nuclear Engineering; Deconvnissioning/ 
Health and Assessments 

James H. Opelka Ph.D. Physics; Decommissioning/Health and 
Safety Assessment 

Darryll Olsen Ph.D. Regional Planning; Socioeconomics 

Leslie A. Poch M.S. Nuclear Engineering; Electric Utilities 
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CHAPTERS 

DISTRIBUTION 

The following is a partial distribution list for the SSC EIS. It is organized into seven major 
categories as shown below. 

I. Government 

A. Federal Officials 

1. United States Senate 
2. United States House of Representatives 
3. Federal Agencies/Departments 

B. State Officials 

1. Governors/Proposers 
2. State Legislators 
3. S\ate and Local Officials 
4. District of Columbia State Offices 

II. Native American Tribes and Individuals 

Ill. Libraries 

IV. Environmental Groups 

V. Landowners and/or Interested Persons 

VI. News Media 

VII. Other 
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I. Govern111ent 

A. Federal Officials 

1. United States Senate 

Arizona 

Honorable Dennie Deconclni 
United States Senate 

Honorable Jotin McCain 
U11\1:1ld States Senate 

Colorado 
' 

Honorable lf/ttliam L. Atms.trong 
United Slates Senate 

Honora.ble Timothy E. Wirth 
United States Senate 

llllnols 

Honorable Alan J. OiJCon 
United States Senate 

Honorable Paul Simon 
United States Senate 

Michigan 

Honorc:;bfe Car1 Levin 
United States Senate 

Honorable Donald W. Relgle, Jr. 
United Statas Senate 

North Carolina 

Honorable Jesse Helms 
United States Senate 

Honorable Terry Sanford 
United $tatti8 Senate 

Tennessee 

Honorable Albert Gore, Jr. 
United States Senate 

Honorable Jim Sasser 
United States Senate 

Texas 

Honorable Uoyd Bentsen 
United State.> Senate 

f-'.onorabre Phil Gramm 
United States Senate 

Honorable Quentin Burdick 
Chairman 
Envlfonment and Public Works 

Honorable 1'181• V. Oomenicl 
Senate Committee on Energy and Natural 
Resources 

Honorable Wendell H. Ford 
Senate Committee on E[')ergy and Natural 
Resources 

Honorable Mark O. Hatfi&ld 
Senate Committee on Appropriations 

Honorable J. Bennett Johnston 
Chairman 
Senate Committee on Energy and Natural 
Resources 
Chairman 
Subcommittee on Energy and Water 
Development 
Senate Committee on Appropriations 

Honorable James A McClure 
Sena1a Committee on Energy and Natural 
Resources 

Honorable Robert Stafford 
Environment and Publlc Works 

Honorable John C. Stennis 
Senate Committee on Appropriations 

2. 

Arizona 

United States House of 
Representatives 

Honorable Jirn Kolbe 
House of Representatives 

Honorable John J. Ahodos, Ill 
House of Representatives 

Honorable Bob Stump 
House of Representatives 

Honorable Morria K. Udall 
House of Representatives 

Colorado 

Honorable Hank Brown 
House of Representatives 

Honorable Joal Hefley 
House of Reprosentatives 

Honorable Dan Schaefer 
House of Flepresentati\18$ 
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Honorable Patricia Schroeder 
House of Representatives 

Illinois 

Honorable Terry L Bruce 
House of Representatives 

Honorable Philip M. Crane 
House of Representatives 

Honorabte J11ck Davis 
House of Representatives 

Honor~le Har•lsW. Fawell 
House of Repr~entatives 

HonorabJe J. Dannis Hastert 
House of Representatives 

Honorable Henry J. Hyde 
House of Rept'OS<ftlativn 

HonOl'ablo lynn M. Martin 
liouseof Repn>senlatives 

Honorable lbbei1 H. Michel 
House of Representatives 

Michigan 

Honorable Bob Carr 
House of Representatives 

-Da1eE.1'lldee 
Hou9e of Representatives 

Honorable Carl D. Pursell 
House of Representatives 

Honorable Bill Schuette 
House of Representatives 

Honorable Howard Wolpe 
House of Representattvea 

North Carolina 

Honorable Howard Coble 
House of Representatives 

H<morab!e David E. P1ice 
House of Representatives 

Honorable Tim Vatentlne 
House of Represontatlves 
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Tennessee 

Honorable Bob Clement 
House of Representatives 

Honorable Jim Cooper 
House of Representatives 

Hon·orable Bart Gordon 
House of Representatives 

Texas 

Honorable Joe Barton 
House of Representatfves 

Honorable John Bryant -
HOuse of Representatives 

Honorable Martin Frost 
House of Representatives 

Honorablfl Ralph M. Hall 
House of Representatives 

Honoiabro Tom Bevill 
House Committee on Appropriations 

Honorable Silvio 0. Conte 
House Committee on Appropriations 

Honorable Marilyn Lloyd 
House Committee on Science-, Space, and 
Technology 

Honorable Manuel Lujan, Jr. 
House Committee on Science, Space, and 
Technology 

Honorable Sid Morrison 
House Committee on Science, Space, and 
Tochnology 

Honorable John T. Myers 
House Committee on Appropriations 

Honorable Robert A. Roe 
Chalnnan 
House Cornmittee on Science, Space, and 
Technology 

Honorable Jamie L 'Nhltten 
Chairman 
House Committee on Appropriations 

3. 

Arizona 

Federal Agencies/ 
Departments 

Mr. D. Dean Bft,Jes 
U.S. Department of the Interior 

Mr. Henri R. Bisson 
U.S. Department of the Interior 

Ms. Lynn H. Engdahl 
U.S. Department of the Interior 

Mr. Stephen G. Smerlk 
U.S. Department of Agriculture 

Mr. Sam F. Spiller 
U.S. Department of the Interior 

California 

Ms. Loretta Barsamian 
U.S. Envlronmental Protection Agency 

Mr. Robert S. Joe 
U.S. Department of the Almy 

Ms. Patricia S. Port 
U.S. Department of the Interior 

Colorado 

Mr. Sheldon G. Boone 
U.S. Department of Agriculture 

Mr. Jeffrey D. Opdycke 
U.S. Department of the Interior 

Mr. Richard A. Strait 
U.S. Department of the Interior 

District of Columbia 

Mr. Bruce Blanchard 
U.S. Department Of the Interior 

Mr. William Boesman 
Library of Congress 

Ms. Judy Bostock 
Office of Management and Budget 

Mr. Richard Brogan 
Office of Management end Budget 

Mr. Robert'!'B. Bush 
Advisory Council on Historic Preservation 

Mr. Robert K. Dawson 
Office of Management and Budget 

Mr. Lloyd A. Dusch• 
U.S. Almy Corps of Engineers 

Mr. P.obert Fairweather 
Office of Management and Budget 

Or. William R. Graham 
Science Advisor to the President 

Distribution 8-3 
Honorable Charles E. Grassley 
U.S. Senate 

Mr. Marshall P. Jones, Jr. 
U.S. Department of the Interior 

Mr. Van McMurtry 
U.S. Senate 

Mr. Gerald D. Patten 
U.S. Department of the Interior 

Mr. Richard Sanderson 
U.S. Environmental Protection Agency 

Dr. Julian Shedlovsky 
National Science Foundation 

Mr. Peter Smith 
U.S. Department of Agriculture 

Mr. Richard M. Smith 
U.S. Department of Agriculture 

Ms. Susan Spencer 
The White House Office 

U.S. Army Corps of Engineers 
Vl/ashington, O.C. 

Georgia 

Dr. David E. Clapp 
Center for Environmental Health and Injury 
Control 

Mr. James H. Lee 
U.S. Department of the Interior 

Mr. Sheppard Moore 
U.S. Environmental Protection Agency 

Illinois 

Mr. John J. Eckes 
U.S. Department of Agriculture 

Mr. John Evanoff 
U.S. Department of Energy 

Mr. William O. Franz 
U.S. Environmental Protection Agency 

Ms. Sheila M. Huff 
U. S. Department of the Interior 

Mr. Richard C. Nelson 
U.S. Department of the Interior 
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Mary tend 

Mr. Glenn Kinser 
U.S. Department of the Interior 

Michigan 

M:-. Homer R. Hilner 
U.S. Department of Agrlcu!ture 

Ms. Margaret T. Kolar 
U.S. Dopartment of the L'lterlo: 

~,s, Chr!s1ine Lietzs.u 
U.S. Department of Agr!cultura 

Mr. Gary R. Manriasto 
U.S. Department of the Army 

Mr. Raymond P. Churan 
U.S. Department of the Interior 

Nebraska 

Mr. Eldon E. Strine 
U.S. Department of the Almy 

North Carollna 

Mr. L K. Gantt 
U.S. Department of the Interior 

Mr. Hawk 
U.S. Oepart1nsnt of Justice 

Ms. Bobby J. Jones 
U.S. l)epartman1 of Agricutture 

Mr. Pa.!JI A Nolz.;n 
U.S.Departrnentof.Ju&!!ce 

Mr. Dnvid H. Rackley 
U.S. Department of the Interior 

Colcnsl Paul W. Vl/oodbury 
U.S. Department of the Army 

Tennessee 

~1f. Sen Atchley 
U.S. Senate 

Co!onol S~ephen P. Condon 
U.S. fljr Fo;ce 

Mr. Jarry S. Lee 
U.S. Department at Agriculture 

Mr. Feidlnand Ouinones 
U.S. Oeputment of tt1e Interior 

Mr. Bob Reed 
U.S. Department of Energy 

r.-tr. Edward A. Starbird 
U.S. Oe?artment of th• mny 

Mr. Coog!as B. Winford 
U.S. Oepartme-nt of th& lnte~lor 

Texas 

U.S. Army Corps of Engineers 
Ennis, TX 

Mr. David A. Curtis 
U.S. Department Of1he Interior 

Mr. Harry W. One:h 
U.S. Department of Agriculture 

Colon&I John E. Sct-.auf&lberger 
U.S. Depertment of the Army 

Mr. t.:orm Thomes 
U.S. Environmental Ptotsction Agency 

B. State Officials 

1. Governors and 
Proposers 

Arizona 

Honorable Rose Mofford 
Governor of Arizona. 
Phoonlx, AZ. 85007 

Colorado 

Honorable Roy Romer 
C'JO~rnor of Colorado 
Denv•r, CO 80203 

minois 

Honorable James R. Thompson 
Governor of Ullnois 
Sp<i<r\Jfleld, IL 62706 

Michigan 

Honorab:o Jc:.mes J. Blanchard 
Governor of Michigan 
Lansing, Ml 48909 
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North Carolina 

Honorab!e Jsmns G. Martin 
Governor of North Carolina 
Raleigh, NC 27511 

Dr. Earl A. MacCormac 
Governor's S<;ience Advisor 
Office of tt\e Governor 
Raleigh, NC 27611 

Tennessee 

Hono~able Ned McWherter 
Governor of T~nnessee 
Nashville, TN 37219 

Texas 

Honorable Wiiiiam P~ Oemel'ts,. .Jr~ 
Governor of Texas 
Au•lln, n: 78711 

Mr. ~1orton Mayarscn 
Chairman 
Texa'i National Research Laboratory 
Aust:n, TX 737!;8 

2. State Legislators 

Arizona 

Mr. Donald A. fJdrldg'3 
Lake Havasu Cit)I', PZ 86-403 

Ms. Lela Alston 
Pr10Bntx, AZ 85019' 

Mr. Gus AnbGrgor 
Willcox, 1\l. 85643 

Mr. Bart Boker 
Horeford, PZ 65643 . 

Ms.. Janioa K. Brewer 
Peoria, PZ. e.5345 

fi.~r. Js.ck A. Oro·nn 
St. Johns, Fa. a5935 

rc.'1.s. Brenda Burns 
G!endal~. KL 853C3 

t-.!r. Carmon Cajero 
Tucson, AZ 857l4 

Mr. Oav9 C&rsnn 
P1'&6':0tt, PZ. 86302 

'Mr. Pete Cor,psteln 
:Paradise Valley, AZ &5253 

Mr. Ylilllam J. De long 
Tucson, /12. 85711 

tJlr. Bob Denny 
Litchlield Pa,.k, la. 85340 

Mr. BUI English 
Sierra Viata.. /JZ. 85635 

M•. Karan English 
Flaga:aff, AZ. 80001 

Mr. P.e!d Ewing 
Tuscon, P.Z 0.0716 
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Mr. Tony Gabaldon 
Flagstaff, l'1. seoo1 
Mr. Gary Glordano 
Phoenix, l'1. 85029 

Mr. Peter Goudlnoff 
Tucson, AZ 85705 

Mr. Jim Green 
Tucson, AZ 85710 

Mr. Herb Guenther 
Tacna, AZ 85352 

Ms. Jaime P. Gutierrez 
Tucson, AZ 85745 

Mr. Art Hamllton 
Phoenix, AZ 85031-

Mr. Benjamin Hanley 
Window Rock, l'1. 86515 

Mr. A. V. Hardt 
Globe, 1'1. 8550t 

Mr. Jim Hartdegen 
Casa Grande, AZ 85222 

Mr. Larry Hawke 
Tucson, AZ 85711 

Mr. John U. Haya 
Yarnell, l'1. 85362 

Mr. James Henderson, Jr. 
Window Rock, l'1. 86515 

Ms. Bev Hermon 
Tempe, l'1. 85282 

Mr. Chrls Herstam 
Phoenix, l'1. 85028 

Mr. Jeffrey J. Hill 
Tucson, l'1. 85730 

Mr. Heinz R. Hink 
S.."Ottsdale, l'1. 85253 

Mr. Phillip Hubbard 
Tucson, AZ 85714 

Mr. P.oy Hudson 
Apache Junction, PZ. 85220 

Ms. Jane D. Hull 
Phoenix, l'1. 85020 

Mr. Bob HungElrford 
Phoenix, AZ 85019 

Mr. Jack Jackson 
Window Rock, AZ 86515 

Mr. Jack B. Jewett 
Tucson, AZ 85740 

Mr. Leslie W. Johnson 
Mesa, /12 85203 

""''· Peter Kay 
Phoenix, AZ 85018 

Ms. Sandra Kennedy 
Phoenix, AZ 85040 

Mr. Mark W. Kiiiian 
Mesa, A2. 85206 

Mr. John King 
Phoenix, AZ 85016 

225-775 O - 88 - 19 (I) 

Mr. John Kromka 
· llucson1 AZ 85719 

Mr. Carl J. Kunasek 
Mesa. l'1. 85207 

Mr. Joe Lane 
Willcox, /12 85643 

Mr. Greg Lunn 
Tucson, /12 85712 

Ms. Garol Macdonald 
Safford1 AZ 85548 

Mr. John T. Mawhinney 
lucson, /J2 85740 

' Ma. Debbie McCune 
Phoenix, /12 85031 

Mr. Robert J. Mclendon 
Yuma, /J2 85364 

Mr. Jim Meredith 
Phoenix, /J2 85018 

Ms. Karen Mills 
Glendale, l'1. 85306 

Ma. Jenny Norton 
lempe, /12 85283 

Mr. Jones Osbom 
· Yuma, AZ 85364 

Mr. Richard Pacheco 
l!ucson, PZ. 85746 

Mr. Manuel Pena, Jr. 
Phoenix, AZ. 85005 

Mr. James B. RaUlll 
Sun City, /12 85351 

Mr. Bobby Raymond 
·Phoenix, /12 85015 

Ms. Cindy Resnick 
tucson, /12 85748 

Mr. Peter D. Rios 
Hayden, /12 85235 

Ms. Betty Rockwell 
Phoenix, A2. 85004 

Ms. Polly Rosenbaum 
Globe, 1'1. 85502 

Mr. Armando Ruiz 
Phoenix, IV!. 85040 

Mr. S. H. Runyan 
Litchfield Park, /J2 85340 

Mr. Jim Skelly 
Scottsdale, l'1. 05251 

Mr. James J. Sossaman 
Higley, /12 85235 

Ms. Lala Stalley 
Mesa, l'1. 85203 

Mr. Jacque Steiner 
Phoenix, AZ. 85016 

Mr. Alan J. Stephens 
Phoenlz, l'1. 85040 

Mr. Don Strauch 
Mesa, AZ 85201 

· Mr. Wayne Stump 
, Phoenix, l'1. 85021 

, Mr. Jack J. Taylor 
: Mesa, l'1. 85203 
1 Mr. Doug Todd 
1 llempo, l'1. 85283 

Ma. Carolyn Walker 
, Phoenix, 1'1. 85030 

' Mr. George Weisz 
Phoenix, l'1. 85015 

Ms. Nancy Wessel 
: Phoenix, AZ 85023 

'Mr. Tony West 
: Phoenix, /12 85030 

Mr. John Wettaw 
: Aagstelf, /12 seoo1 
1 Mr. Jim White 
· Phoenix, /J2 85027 

' Mr. Earl V. Wilcox 
, Phoenix, /J2 85035 

' Colorado 

Mr. Wayne Allard 
Loveland, co 80537 

Ma. Bonnie J. Allison 
·Edgewater, CO 80214 

Mr. Don Ament 
' 11111, co 80738 

Ms. Norma Anderson 
Lakewood, co 80227 

: Ms. Vickie Arm&trong 
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Grand Junction, CO 81501 

Mr. Devld E. Beth 
Alvada, CO 80005 

Mr. James D. Beatty 
Fort Collins, CO 80524 

, Mr. Lac Berger 
Longmont, CO 80501 

Mr. Charles E. Berry 
Colorado Springs, CO 80906 

Mr. Michael C. Bird 
Colorado Spring•, CO 80907 

Mr. Tilman M. Bishop 
Grand Junction, CO 81506 

Mr. Carl B. Bledsoe 
Hugo, CO 80621 

Mr. cart Bledsoe 
Denver, CO 80203 

Mr. Richard R. Bond 
Greeley, CO 80631 

Mr. Jim Brandon 
Akron, CO 80720 

Mr. Ed Carpenter 
Grand Junction, CO 81503 

Mr. Kan Chlouber 
Leadville, CO 80461 
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Mr. Ralph A. Cole Mr. John Irwin Mr. Steve Ruddick 
Denver, CO 80204 Loveland, CO 80537 Aurora, CO 60012 

Ms. Mary Oambman Mr. Leo Jenkins Ms. Dorothy Rupert 
Colorado Springs, CO 80919 Canon City, CO 81212 Boulder, CO 80303 

Mr. Robert E. OeNelr Mr. Matt Jones Mr. Donald A. Sandoval 
Durango, CO 81302 Thornton, CO 80229 Denver, CO 80204 

Mr. Cliff Dodge Mf. Wayf)e N. Knox Mr. Paul 0. Schauer 
Denver, CO 80210 Denver, CO 80223 Littleton, CO 80122 

Mr. John P. Donley Mr. Jerry Kopel Mr. am Sctuoeder 
Greeley, CO 80632 Denver, CO 80220 Morrison, CO 80465 

Mr. Steven J. Durham Mr. Elim Lawson Mr. Timothy W. Schultz 
Colorado Springs, CO 80906 Brighton, CO 80801 Denver, CO 80203 

Mr. Jim Dyer Mr. Bob Martinez Mr. Ted L. Strickland 
Durango, CO 81301 Commerce City, CO 80022 Westminster, CO 80030 

Mr. Lewis H. Entz Ms. Margaret Masson Mr. Ted L Stricidand 
Hooper, CO 81136 Crawford, CO 81415 Denver, CO 80203 

Ms. Mary Ellen Epps Mr. Brian McCauley Ms. Betty Swenson 
Colorado Springs, CO 80911 Westminster, CO 80030 Longmont, CO 80501 

Ms. Martha M. Ezzard Mr. Harold L. McCormick Ms. Gloria G. Tanner 
Englewood, CO 80110 Canon City, CO 81212 Denver, CO 80207 

Ms. Jeanne Faatz Mr. Scott Mcinnis Ms. Carol Taylor-Little 
Denver, CO 80236 Silt, co 81652 Arvada, CO 80003 

Mr. Renny Fagan Mr. AJ Meikle)ohn Ms. Mary Anne Tebedo 
Colorado Springs, CO 80904 Arvada, CO 80005 Colorado Springs, CO 80909 

Mr. Jack Fenlon Ms. Jana Mendez Mr. Bill Thlebault 
Aurora, CO 80014 Longmont, CO 80501 Pueblo, CO 81005 

Ms. Marleen M. Fish Mr. Richard Mutzebaugh Ms. Claire Traylor 
Lakewood, CO 80215 Conifer, CO 80433 Wheat Ridge, CO 80033 

Ms. Faye Fleming Ms. Betty I. Neale Mr. Juan Trujillo 
Thornton, CO 00241 Denver, CO 00222 Pueblo, CO 81006 

Mr. Leslie A. Fowler Mr. Tom Norton Mr. Larry Trujillo 
Boulder, CO 80306 Greely, CO 80634 l'\Jeblo, CO 81006 

Mr. Dennis J. Gallagher Mr. Bill Owens Ms. Shlrleen Tucker 
Denver, CO 80211 Aurora, CO 80013 Lakewood, co 80228 

Mr. Ewood Gillis Mr. Phillip L. Pankey Mr. John Ulvang 
Lamar, CO 81052 Littleton, CO 80123 Fort Collins, CO 80525 

Mr. Tony Grampsas Mr. Robert L Pastore Mr. David E. Wattenberg 
Evergreen, CO 80439 Alamoosa, CO 81101 Walden, CO 80480 

Mr. Patrick A. Grant Mr. Chris Paulson Ms. Wilma J. Webb 
Denver, CO 80218 Englewood, CO 80110 Denver, CO 80205 

Ms. Joan Green Mr. Ray E. Peteraon Mr. Jeff Wells 
Aurora, CO 80041 Denver, CO 80219 C.Olorado Springs, CO 80906 

Ms. JoAtin Groff Ms. Barbara Phillps Ms. Dorothy S. Wham 
Westminster, CO 80030 Colorado Springs, CO 80910 Denver, CO 80210 

Mr. Regis F. Gtoff Mr. Paul Powers Mr. Dan Williams 
Denver, CO 80207 Denver, CO 80222 Edwards, CO 81632 

Mr. Philip Hernandez Mr. Ray Powers Mr. Sam Williams 
Oenvec, CO 802t 1 Colorado Springs, CO 80909 l!lec1<en1klge, CO 80424 

Mr. Tony Hernandez Ms. Jeanne G. R&eser Mr. Joe Winkler 
Denver, CO 80219 Thorton, CO 80229 Castle Rock, CO 80104 

Ms. Sally Hopper Ms. Peggy R&eves Ms. Ruth Wright 
Golden, CO 80401 Fort Collins, CO 80526 Boulder, CO 80302 

Mr. Charles S. Hover, Jr. Mr. James Rizzuto Illinois Parker, CO 80134 La Junta, CO 81050 

Ms. Sandy Hume Mr. Gilbert E. Romero Mr. Jay Ackerman 
Boulder, CO 80303 Pueblo, CO 81001 Morton, IL 61550 
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Ms. E:~tltil •;: ·"~~.•~ri1.J-e1 

Chicago, IL 6ut337 

r.~r. P.a.lph U:.i.1g.1r 
Wheaton, 't t.:;(11S7 

lv11. David N. Baikhi:t'-''~en 
lake Fo1t::;t, JL 61>:>45 

~,~s. Jane ~~. £,arnes 
PC"~J·l~ Heigh~~. IL 604C3 

Mr. Alth1.;r L. 8eur.an 
Chicago, IL 60645 

f~r. Joseph Ber dos 
Chicago, IL 60651 

fi.1r. Bill stack 
Danvilie, IL 61832 

"-'r. Woods Bowman 
Evanston, IL 00201 

fvis. Peg r111. Breslin 
Ottawa., IL 61350 

tJr. Howard B. Brookins 
Chicago, IL 60620 

r¥1r. Joel Brunsvuld 
Rock ls!ar1d, IL 61201 

Mr. Robe1t Bugielski 
Chicago, IL eCS41 

Mr. R:1lph C. Cappareili 
Chicago, IL 60648 

M'.r_ Howa.rd \V. Carroll 
Chicago, IL 50645 

~1r. Robert VY. Churctoif! 
Antioch, IL &.!002 

Ms. E11rlear. Collins 
Chicago, IL Bi.1644 

fvtr. Johri 'wV. Countryn~an 
DeKalb, IL 60115 

M$. Mary Lou Cowlish:i.w 
Mapetville, IL 60540 

Mr. John J. Cuiierton 
Ctilcago, IL 60657 

t~1r. Michael D. Curran 
Springfield, IL 62704 

t-.1$. Barbara F. Cun ~e 
Chicll.go, IL 60637 

fv'lr. Jchn A. o·Arco, Jr. 
Ct;lcago, IL 60602 

Mi. John P. Daley 
Chicago, IL 6J&'l9 

t\ltr. Lee A. Dar:iehi 
E:!rnhurst, IL 60~~ 

!\..tr. John .\. Davidson 
SpriPgfitld, IL 62701 

t./ls. IOOnique D. Oa1,is 
Chi~ago, IL 60620 

fi.1r. Aldo A. C~Ango!ls 
Chic.a.go Hotglits, IL 60411 

tJr. Timothy F. Degnan 
Chicago. IL eor,09 

t~1. f/\ c~,JA~ghe; 
Ea!it l\.1oline, IL 61244 

~.,r. ~1!911Eil dal Valla 
Chien.Jo, IL 60651 

Mr. Jarrt,>s A. Oitl.~o 
Chicag~1. IL 60634 

f..1r. Vince Demuzio 
Carli.wm~. IL 62f..2G 

f'..1s. S•12.ar1na L. Q..;uchler 
A..oro1a. IL 80506 

fl.is- Loft1:& A. Oldik:kson 
Homaw~od, IL 60430 

Ms. Deloris Ooad3rlein 
East Dwn'1.;ie. IL 60118 

~.it.:; l.ai;;a K. Ooi'1t.t•ue 
Quincy. IL 5230·1 

~11'. V>/al!e1 W. Ol1dy.;:1. 
Chie>lgo, IL 60630 

Mf. Jr.ihn F. Dunn 
DecatL.!f, IL 62523 

~tr. Raiph Dunn 
OuQuc.in, IL 62832 

Mr. Thomas A. Dunn 
.lolict, IL 00435 

Mr. Forest D. Etherdge 
Aurore., IL 60506 

Mr. Thonias W. Ewing 
Por1Uac, !L 61764 

Mr. Bn.<ce A. Failey 
Ctllcago, IL 60640 

Ms. &verly Fawell 
Glen Ellyn, IL 60137 

r..1r. Monroe L Flinn 
Granite City, IL 6.."040 

Ms. Mary E. Flowers 
Chicago, IL 60636 

Ms. Virginia F. Frederick 
Lake Forest, IL 60045 

Mr. John E. Friedland 
South Elgin, IL 60177 

Ma. Adeline J. Geo-J~aris 
Zlon, !L 60C99 

Mr. Frank Giglio 
Caiumel City, IL 60409 

Mr. E. J. Giorgi 
Flocl<ford, IL 61104 

Mr. C~iarlec W. Gofo11h 
Nas.hville, IL 62253 

Mr. Kurt M. Granberg 
Oarlyl•, IL 62231 

~1r. Plan J. Crehnari 
Chic.a~o. IL EiOV64 

Mr. K~tineth Hall 
East St. Louis, IL 62201 

Mr. John W. Hallxk, Jr. 
flockto1d, IL 61101 

Oistrlbutfon 13-7 
r .. -tr. Gary Ha:'ln;g 
Mt. Olive, IL 6~1;69 

~Ar. Osvld Hartl~ 
Ar1ington Heights, IL 6000ti 

Mr. Charles A. Hartke 
Effl1lgham, IL 620::01 

t\l!s. Karen Hasara 
Springfield, IL f>27'J6 

~1r. Carl E. Hawkinson 
G.!ileburg, ll E1·101 

Mr. Donald N. Hensel 
W~st t."".hicago, IL 60185 

Mr. Larry W. Hic~s 
fl.~t. Vornon, ll. 6:2£164 

t-Ar. (1'tne L Hciffrr1an 
8;-r:hurst, ll C.0126 

~1s. Joyce Holmberg 
Rockford, IL 61103 

Mr. Thomas ,J. Homer 
Canton, IL 61520 

f.Ar. George R. Hudson 
Westmon1, IL 6055a 

Mr. Douglas Huff, Jr. 
Chicago, IL 600 12 

Mr. David Hultgran 
Monr11outh, IL 6i4S2 

Mr. Denny J.'3ccobi:i 
East Moline, \L 61244 

Mr. TimoU1y V. Johnson 
Urbana, IL 61801 

Mr. Emil Jones, Jr. 
Chicago, IL 60028 

Ms. lovana S . ..k.>nes 
Chic.ogo, IL 6Cle53 

tl.~r. J!nemiah F.. Joyce 
Chit~ago, IL 60643 

Mr. Jerome J. Joyce 
BrRdley, IL 60015 

Ms. Doris C. Karpiel 
Rosollo, ll 60172 

Mr. James F. Kuane 
Chicago, IL 60643 

Mr. Roger A. Keats 
Kenilworth, IL 60043 

Mr. Rlchai·d F. Kelly, Jr. 
Hazel Crest, IL 60429 

Mr. James M. Kirkland 
Bgin, IL 60121 

Mf. Dick K1ernn1 
Crystal Lake, IL 00014 

?w1r. Robert T. Kraka 
Chicago, IL 606~2 

Mr. Jack L Kubik 
North RIV$rsida, IL 60546 

Mr. Myron J. Kulas 
Cl1icago, IL 60622 
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Mr. Bcb Kust!ll 
Des Plaines, IL 60016 

Mr. Vlil!iam J. LaurinC' 
Ciicago, IL 60630 

tAr. Robert loAote, J1. 
Chicago, IL 60551 

f...1r. Ted E. Le·1e:cnz 
Maywood, IL 60'153 

f..ilr. El!Js B. Lavin 
Chicago, IL 606 ~ 3 

fJlr. fllch&.rd Luft 
Pekin, IL 61554 

t .. 1c. Vi~glnla B. Macdonald 
Arilnoton H!lghts. IL 00004 

Mr. t.11cho.e! J. Macllgan 
Chicsgo, IL &~29 

Mr. Rebert A. Madigan 
Lincoln, IL 62G56 

•Ar. John W. Maitland, Jr. 
Bloorn!ngton, IL 61'701 

Mr, Win!am A. Marovi1z 
Chicago, IL 60602 

Mr, Ben Martinez 
Chicago, IL 60609 

Mr. John S. Matije1Jlch 
Vv'a.1Jkegan, IL 60005 

Mr. Rcllard A. •Aa.utlno 
Spring Valley, IL 61362 

f...1r. Jeffre\' 0. Mays 
Ouinc:y, IL €2306 

Mr. P1.1gor P. r.tlcA·J:iffe 
C!"licaco, 1L 60634 

t~r. Thomas J. McCracXeri, Jr. 
West11:ont, IL 60559 

Mr. Andrew J. McGann 
Chicago, IL 60620 

~~r. John J. McNamara 
Oak Lawn, IL 60453 

Mr. Jim ~1cPike 
Alton, IL 62002 

Mr. Chnrles G. Morrow, !!I 
Chicago, IL 60620 

Mr. fii;~hard T. Mulcahey 
Durand, IL ei0~-4 

f\.~s. Dawn C. N~t;ich 
Chieng;:,, IL SG614 

tl.r. ti;chftrd H. Newhous(l, Jr. 
Ch'oago, IL 60649 

Mi. Joh,1 T. O'Connell 
VV.UQW Springs, IL 60-tea 

Mr. w;mam L. O'Daniel 
~1ount Vernon, IL 62864 

ti..ir. Myron J. Olson 
Dixon, IL 61021 

Mr. Robert F. Olson 
Lincoln, IL 62656 

Mt. Samuel Panayoto\.'lch 
Chicago, IL 60611 

Mr. Charios Pangle 
Kankakee, IL &r..01 

Ms. Marga.r0t R Parcclla 
Glanview, IL 300~5 

Mr. Terry R. Parke 
Schaumburg, IL 60195 

Mr. Bernard E. Pade:sen 
PCllDt!ne, IL 60057 

Mr. Wil:iam E. Paterson 
Prains Vlaw, IL 6-()069 

Mr. Edvi&rd :=. Fetka 
Plti.inflei.::1, IL t.OS44 

Mr. David 0. Phelp• 
EldCl!'&do, IL 62930 

Mr. Ja.-n~s Philip 
Elmhurst, IL 60126 

Mr. Robert J. Piel 
South Holland, IL 60473 

Mr. Glann Posha.1d 
Ca11srvUl1J, ll 0.29i8 

Ms. Psnny Pullen 
.rarl< Ridge, ll 5JC68 

M7. Robert M. Rales 
Chicago, IL 6063!1 

ktr. James r. Rea 
Chrlslopt;or, IL 52U22 

Mr. P.ober! P. Rs2E1n 
Fark Forest, :L $'.;466 

Mr. t~:son R·1,:.;e, Sr. 
Chicogo, IL &Jci28 

Mr. Br..iC9 Richmond 
Murph~is.bl'.lro, IL €2966 

Mr. Harlan Rigney 
Frseport, IL 610C~2 

t..1c. Philip J. He.ck 
Oak P&r1<, IL 60302 

r~ir. /'Jfred G. Ronan 
Chicago, IL 60047 

Mr. G,:,rdon L. Rapp 
Bloomington, IL 6170 I 

Mr. Tom Ryder 
Jsr~~yvil!&, IL N:052 

Mr. Donald L. Sa~tsrnan 
Peoria, IL 61603 

f/.c. Helen F. Sqtterthwaite 
Champaign, IL E~820 

Mr. Frarik D. Savicl-:as 
Chica(dO, IL 606.'38 

Mr. Jsck Schdffar 
Crysl!l l..ake, IL t'J014 

M1. ('~!Yin W. Sch..ineman 
Prophetstown, IL 61277 

Ms. Penny L. &tverns 
D9catur, IL 62522 

M;. VVilliam Stie:H 
Chicago, IL 60!>28 

Mr. Todd Slebeo 
Gon&&if.IO, IL 81254 

Mr. Kiani Slatar 
Macornb, IL 61455 

Ms. Margaret Srnith 
Chicago, IL 60615 

Mr. James A. Stange 
Oak Brcok, IL 60521 

Mr. Ter1y A. Steczo 
Oak For&at, IL 60452 

Mr. Ron Stuphsns 
Ctolllnsvilla, ll 62~ 

M~. Grace M. Stern 
I 1ighiand ?1uk, IL 80035 

Mr. catvln R. Sut.ker 
S!\olcie, IL 60076 

M:. fl.~!ke Tate 
Oeca~1Jf, ll 62525 

Mr. Rebert M. Ten:kh 
Ch~cago, IL &163S 

Ms. Judy B. TCtp!.1j.;-a 
Nurth Ri11ors!da, IL 6CS46 

Mr. fl'~d J. Tue-r~ 
Peo!"~a. IL 6i S04 

fl.1r. A."1hur L Turnflr 
Chicago, IL &."323 

fi,~r. S&m Vads.!nbE-r,o 
Edwardsville, IL ti.?G~O 

1-Ar. l...9f"tL~Y Van Ouy1•·J 
.Jo~;e·~. IL G0432 

Mr. Ronald A. Waii 
Belvide;e, IL 61008 

Mr. Frank C. Y./atson 
Carlyle, lL 62231 

M.·. Michael Weaver 
Mattoon, IL 61938 

tv1r. Stanley 0. Waaver 
Urbana, IL 61301 

Mr. Patrick D. W!:!;ch 
Peru, IL 61JS4 

'Jlr. G1'at!d C. V\'etlar 
f;..1orris, IL 60450 

i\.\r. Larry Wenr.lund 
NGw Lenox, IL 60451 
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Chic.ago, IL eof; 10 
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lv1r. Harry Woodyard 
Chrisman, IL 61924 

l.Jlr. Wyvetler H. Younge 
East St. Louis, IL 62205 

Mr. Greg Zito 
Melrose Park, f(. 60160 

Michigan 

fl.r. Dick Allen 
Caro, Ml 48723 

Mr. Tom Ailey 
West BrarK.fl, Ml 4866i 

Mr. Phil Arthurhultz 
Whl\ehall, Ml 49461 

Mr. Richard A. Bandstra 
Grand Rapids, Ml ·49506 

Mr. Lyn Bank9s 
Uvonla, Ml 48150 

Mr. James A. Barcia 
Bay City, Ml 48707 

Ms. Justine Barns 
Westland, Ml 48185 

Mr. Jerry C. Bartnik 
Temparance, Ml 48182 

Mr. Robert Bender 
Middleville, Ml 49333 

r.1r. Michael J. Benn.ane 
Detroi~ Ml 48219 

r...~r. John Bsnntltt 
flodford, Ml 48239 

Ms:. MaJ:ir:e 6~rr"a.n 
Southfit>ld, Ml 48075 

M:i. Connie Bins~!P.ld 
Maple City, Ml 49664 

Mr. Wilbur V. Brotherton 
Farrr1ington, Ml 48024 

rt,,.. Ba:;H W. Brown 
High1end Park, Mi 48203 

Mr. Sill Browne 
Utica, Ml 4SOS7 

r./is. ~Jlary c. Bro:un 
Kalamazoo, Ml 49007 

Mr. \\lilllam R. Bryatit, ~Ir. 
Grosse Pointe F11rms, 1\11 48236 

Mr. 'MHis C. Bullard, Jr. 
Milford, Ml 48042 

Mr. Perry S..:l!ard 
Win Arbor, Ml 4810~ 

t-·1r. Doug Carel 
Ulloa, Ml 48087 

Mr. John D. Cherry, Jr. 
Clio, Ml 4S420 

Mr. Nick Ciaramitaro 
Roseville, Ml 48066 

Mr. Floyd c:ack 
Aint, Ml 48-=..o4 

iv1r. Jiln Connors 
Iron Mounta!n, Ml 49801 

Mr. Joe Conroy 
Flint, Ml 48504 

Mr. Harmon Cropsey 
Decatur, Ml 49045 

Mr. Doug Cruce 
Troy, Ml 48098 

ML Kenneth J. DeBaaussaert 
New Baltimore, r._11 48047 

Mr. Dan L. DeGrow 
Port Hur1.ln, Ml 48060 

Mr. Walter .J. Delange 
Kentwcod, Ml 49508 

Mr. P.obert A. DeMars 
Unco~n Pz.rk, (l..11 48 ·145 

fJlr. Fred:)r!ck P. Dillingham 
Fowlerville, Ml 48835 

Mr. Gilbart J. DiNello 
e=.ast Detroit, Ml 40021 

Mr. Christopher D. Dingell 
Trenton, Ml 481$3 

Ms. Aanes M. Oobronskl 
Dearborn, Ml 48126 

Mr. James A. Docherty 
Port Huron, Ml 48000 

Mr. l.ewl• N. Dodak 
Montrose, Ml 48457 

Mr. Mat J. Ou11askiss 
lake Orlon, Ml ,jf.803.5 

Mr. Dennis M. Dutko 
Warron, Ml 48093 

Mr. Vem Ehlers 
Grand Rapids, Ml 49506 

Mr. Robert L. Emerson 
Flint, Ml 48503 

M$. Joa!lne En1mons 
Big Rapids, Ml 49307 

r .. 1r. John M. Englar 
Mt. F1easai1t, Ml 48858 

Mr. William Faust 
Wo•tlond, Ml 48185 

Mr. Jack Fa:.:on 
FanninQton, Ml 48018 

Mr. Rk:hard O. Fessler 
Union Union Lake, fvtl 48085 

Mr. Frank M. Fltzgerald 
Grand l.arlge, Ml 43837 

Mr. Ed Fredericks 
Holland, Ml 49423 

Mr. Pat Gagliardi 
Drummond lsland, Ml 49726 

Mr. Hany Gast 
Saint Joseph, Ml 40085 

Mr. R. R. Geake 
Northville, Ml 413167 

Mr. Ed GJ0$6 
Manistee, Ml 49660 

Mr. Donald H. Gilmer 
Auguo1a, Ml 49012 · 

Ms. Sharon L G.int 
Mt. aemens, Ml 48043 

Mr. Carl F. Gnodtko 
Sawyer, Ml 49125 

ML Michael J. Griffin 
Jaokson, Ml 4~202 
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Huntington Woods, Ml 4.!31J~':) 

Mr. Charlie J. Harrison, Jr. 
Pontiac, Ml 48058 

Mr. George Ha11 
Dlarborn, Ml 48125 

Mr. JBrome T. Hei..rt 
Saginaw, Ml 48602 

Ms. Kay M. Hart 
Swartz Creek, Ml 48473 

Mr. Michael D. Hayes 
Midland, Ml 48640 

Mr. Curtis Hertel 
Detroit, Ml 48224 

M~. Tom Hickner 
Bay City, Ml 48708 

Mr. Paul lilllegonds 
Holland, Ml 49423 

Mo. Elvin J. fiookman 
Holland, Ml 49423 

Mr. Phlllp E. Hoffman 
Lansing, Ml 48909 

Mr. Phlllp E. H<>llman 
Horton, Ml 49246 

Mr. David Hollister 
Lansing, Ml 48912 

Mr. David S. Holn1os, Jr. 
Detroit, Ml 48202 

Mr. David M. Htlnlga.n 
West Boomfiald, Ml 48033 

Mr. Davl,:I M. lionlgman 
Wa:st Bloon'lfk;.ld, Ml 48033 

Mr. Morris Hood, Jr. 
Patroit, Ml 48204 

Mr. Tsola P. Hunter 
Detroit, Ml 48238 

F\.1r. D. J. Jacobattl 
Negaunee, Ml ·49866 

ti.1s. Shirley Johnson 
P.oyal Qak, Ml 48072 

Mr. H. L Jondahl 
East Lansing, Ml 48823 

Mr. Nate Jonker 
Olo, Ml 48420 

Mr. Wllltam R. Keith 
Garden City, Ml 48135 · 
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Ms. Garolyn C. KHpatrick 
(JEtrCJit, t.11 48206 

Mr. Matt Klsber 
Jackson, Ml 38301 

Mr. Mickey Knight 
Muskegon, Ml 49440 

Mr. Jim Kosteva 
canton, Ml 48168 

Mr. Victor C. Krause 
P.ockford, Ml 49341 

t.tr, Gerald H. Law 
Plymouth, Ml 48170 

fAr. Bu11on Leland 
Datroit, Ml 48223 

Mr. Joseph S. M•ck 
Ironwood, Ml 49936 

Mr. Biii Martin 
Ba1116 Creek, Ml 49015 

Mr. Thomas C. Me.thieu 
Grand Rapids, Ml 49504 

Mr. John M. Maynard 
St. Cl•ir Shores, Ml 48080 

fAr. James M. Middaugh 
Paw Paw, Ml 49079 

Mr. Arthur J. Miller, Jr. 
Warren, Ml 48093 

Ms. Judith Millar 
BirminQham, Ml 48008 

Mr. lrwin t.,,,ltc.'i 
~:.ilt $.l!r.ta Marla, Ml 49783 

Ms. Susao G. Munsell 
Fowlervlllo, Ml 48838 

Mr. P.ay1nond M. Murphy 
Detroit, M1 48209 

Mr. Kaith Muidow 
Browu C\ty, Mt '484~6 

Mr- Rudy J .. Nicho!:s 
\Vatli:rford, Ml 48095 

Mr. Rtiland G. Nitlderntadt 
Saginaw, Ml 48603 

~i~. Mlchao: E. Nye 
Litchfield, Ml 49252 

lv1s. fi.~argar9t O'C.Onnor 
Ann Arbon, t.Al 48103 

Mr. Jam•• E. O'~l•ill, Jr. 
Saginaw, Ml 40002 

Mt. Raiph Ostling 
Rosecommon, Ml 48653 

Mr. Sidney Ouw!nga 
Marion, Ml 49605 

A.,r. Gary M. c .... el'I 
Ypsilanti, Mt 48198 

Ms. Lynn Owen 
M3ybtie, Ml 48159 

Mr. Glenn Oxerider 
Stw·gis, Ml 4~1 

Mr. Joseph Palamara 
Wyandotte, Ml 48192 

Ms. Lana Palla.ck 
Ann Arbor, Ml 48104 

Mr. Vincent J. Porr$ca 
Trenton, Ml 48183 

Mr. Dick Posthumus 
Alto, Ml 49302 

Mr. Thorr1as G. Power 
Traverse City, Ml 49684 

Mr. John 0. Prldnia 
Hn:risville, Ml 48740 

Mr. Gary L Randall 
Bwoll, Ml 48832 

Mr. Ssl P.occa 
Starllno liolghts, Ml 48077 

Mr, Nelson W. Saunders 
Detroit, M1 4322·1 

~,1r. John Schwarz 
Battle Creak, Ml 40017 

Mr. Thomas E. Scott 
Flint, Ml 48506 

Mr. William A. Saderburg 
East Lansing, Ml 48823 

Mr. Norman Shin!<le 
Lamberti:ille, r..11 48144 

Mr. Ken Silo;kema 
Grandville, r..11 49418 

Mr. Rick Sitt 
1·aylor1 Ml 48!S'.J 

~Ar. Virgil C. SinHh, Jt. 
Detroit, Ml 48203 

Mr. Nick Smith 
Addison, Ml 49;>.20 

tk. f-tichard .A. Sofie 
Eessemer, Ml 49911 

Mr. f;ar,cis R. Sp~r.lola 
Corunna, Mi 488 17 

Mr. Gordon R. Sparks 
Troy, t .. u 4809S 

Ms. Debbie Slat;;..now 
Lonslng, Ml 48910 

Ms. Aima G. St.a-.l!wo:ih 
Ocrl:r.oit, F..41 48235 

Mt. Stant&y Stopr:zynsld 
Detrc.!t, Ml 4$2'J5 

~1r. John G. Str.lnd 
Lopoar, Mi 484·'5 

fyts. Ethel Tarreu 
Hlghfand Petrk, Pl-11 48203 

~~r. CJa.ude A. l(lm 
\~a\•lfofd, M\ 48095 

Mr. William Van RG;enmort~'r 
Jenieon. r..m ~342G 

fJl1·. Dono:lld Va.1 Singal 
Grnnt, Ml 49:;;.:7 

~t.s. Ilona Va:·ga 
Detroit, Ml 48209 

Ms. Jackie Voughn, Ill 
Dotrclt, Ml 48221 

Mr. Timothy L Walberg 
Tipton, Ml 49287 

f.4r. Paul V'Jartner 
Portage, Ml 49002 

ti.,s. Juanita \-Jatklns 
Detroit, Ml 48226 

Mr. Wilfred 0. Webb 
HaI&I Park, Ml 48030 

tAr. U,yd F. Woe ks 
Warren, Ml 48'4S9 

Mr. J::tck V\/elbor11 
Kalamazoo, Ml 49004 

Mr. Joo Young, Jr. 
Detroit, Ml 48213 

Mr. Joa Young, Sr. 
Dolroi\, Ml 48214 
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0Garb0n1 Heights, Ml 48127 

North Carolina 

~Ar. J. V. Alboroethy 
Gastonia, NC 28054 

Mr. William G. Alexandor 
i<.anns.poii&, NC 20061 

Mr. Aus1in M. Allran 
Hlckor, NC 28501 

Mr. Gerald l. Mdorson 
l:){idgston, NC 23519 

Mr. Bobby H. e.acbee, S(. 
locust, NC 28097 

Mr. \rVilliam H. B.at'..;er 
Oriental, NC 28571 

r,1~. Anne Ba:rn"°s 
Chapel Hill, NC 27514 

Mr. HF.ioson P. B·;ur,e$ 
Gold~bo•o. :~c 27SJO 

~ir. Hows.rd C. s..irnhm 
Gbarlol!o, NC 28216 

Mr. ~'lare Sa5ni~~'t 
Manteo, NC .275~4 

Mr. Ct,arlea M, Beall 
O;de, NC 26721 

Mr. R. 0. Bisard 
Fayattovlllilt, NC 28303 

~-\r. Fiert~«n Biock 
\AJrightsvilltt ~e.ch, NC 28480 

Mr. Daniel T. Sh1Et, Jr. 
Raloi;;h, NC 27510 

1'.1r. Ed Bowen 
Harrells, NC 2&4"4 

Mr. J. f. Bov1rrne.n 
Burlin~ton, NC 27215 
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Mr. William T. Boyd 
Asheboro, NC 27203 

Mr. George W. Brannan 
Smithfield, NC 270T7 

Mr. Robert Brawley 
Mooresville, NC 28815 

Mr. Brewster W. Brown 
Winston, NC 27986 

Mr. John w. Brown 
Eikln, NC 28821 

Mr. Harold J. Brubaker 
Asheboro, NC 27203 

Mr. Char1ea Buchanan 
Green Mountain, NC 28740 

Mr. David W. Bumgardner, Jr. 
Belmont, NC 20012 

Mr. Logan Burke 
Winston-Salem, NC 27105 

Mr. Richard E. Chalk 
High Point, NC 27260 

Mr. tioward B. Chapin 
Washington, NC 27889 

Mr. John T. Church 
Henderson, NC 27536 

Mr. Laurence A. Cobb 
Charlotte, NC 28282 

Ms. Betsy L Cochrane 
Advance, NC 27006 

Ms. Marie W. Colton 
Asheville, NC 28801 

Mr. J. R. Condor 
Rockingham, NC 28379 

Mr. Roy Cooper, Ill 
Rocky Mount, NC 27803 

Mr. James M. Craven 
Pinebluff, NC 28373 

Mr. James W. Crawford, Jr. 
Oxford, NC 27565 

Mr. Narvel J. Crawford 
Asheville, NC 2880t 

Mr. Charles L Cromer 
Thomasvitre, NC 27360 

Mr. W. P. Cunningham 
Charlotta, NC 28216 

Mr. George B. Daniels 
Yanceyville, NC 27379 

Mr. Donald M. Dawkins 
Rockingham, NC 28379 

Mr. Michael P. Decker 
Walkertown, NC 27051 

Mr. Daniel H. OeVane 
Raeford, NC 28376 

Mr. David H. Oiamont 
Pilot Mountain, NC 27041 

Ms. Ann Q. Duncan 
Pfafftown, NC 27040 

Ms. Ruth M. Easterling 
·Charlotte, NC 28207 

Mc. C. R. Edwards 
·Fayetteville, NC 28303 

Mr. Jeff H. Enloe, Jr. 
Franklin, NC 28734 

Ms. Theresa H. Esposito 
Winston-Salem, NC 27t04 

Mr. Bob R. Etheridge 
Liiiington, NC 27546 

Mr. Larry B. Etherldge 
Wilson, NC 27893 

Mr. James Ezzell 
Rocky Mount, NC 27801 

Mr. Miiton F. Alch, Jr. 
Wilson, NC 27893 

Mr. Ray C. Reither 
Valdese, NC 28690 

Ma. Jo G. Foster 
Charlotte, NC 28209 

Mr. William M. Freeman 
Fuquay-Varina, NC 27526 

Mr. Aaron E. Fussen 
. Raleigh, NC 27609 

Ma. Charlotte A. Gardner 
Salsbury, NC 28144 

Mr. Herman C. Gist 
Gfeensboro, NC 27406 

Mr. William D. Goldston, Jr. 
Eden, NC 27288 

Mr. Robert.Grady 
Jacksonville, NC 28540 

Mr. Gordon H. Greenwood 
Black Mountain, NC 28711 

Mr. Harry Grimmer 
Matthews, NC 28105 

Mr.AD. Guy 
Jacksonville, NC 28540 

Mr. Joe Hackney 
Chapel Hill, NC 27514 

Mr. Thomas C. Hardaway 
Enfield, NC 27823 

Mr. Harold W. Hardison 
Kinston, NC 28501 

Mr. J. J. Harrington 
Lewiston-Woodville, NC 27849 

Mr. J. O. Harris 
Kings Mountain, NC 28086 

Mr. John C. Hasty 
Maxton, NC 28364 

Mr. Joe H. Hege, Jr. 
Lexington, NC 27292 

Mr. Foyle Hightower, Jr. 
Wadesboro, NC 28170 

Mr. Charles W. Hipps 
Waynesville, NC 26786 

Mr. George M. Holmes 
Yadkinville, NC 27055 

Mr. Casper Holroyd 
'Raleigh, NC 27612 

Ms. Bertha Holt 
Burlington, NC 21215 

Ms. Doris R. Huffman 
Newton, NC 286S8 

Mr. James Hughes 
Unvllle, NC 28646 

Mr. R. S. Hunt, Ill 
Burlington, NC 27215 

Mr. Robert C. Hunter 
Marion, NC 28752 

Mr. John J. Hunt 
Lattimore, NC 28089 

Ma.Judy Hunt 
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Blowing Rock, NC 28605 

Mr. Ralph A Hunt 
Durham, NC 27707 

Ma. Wanda H. Hunt 
Pinehurst, NC 28374 

Mr. w. S. Isenhower 
Conover, NC 28613 

Mr. Vamon G. James 
Blzabeth City, NC 27909 

Ms. Mary Jarrell 
High Point, NC 27260 

Mr. Luther R. Joralds 
Fayetteville, NC 28301 

Mr. James C. Johnson, Jr. 
Concord, NC 20025 

Mr. Joseph E. Johnson 
Raleigh, NC 27602 

Mr. Walter B. Jones, Jr. 
Farmville, NC 27828 

Mr. Larry r. Justus 
Hendersonville, NC 28793 

Mr. Ted Kaplan 
Winston-Salem, NC 27113 

Ms. Margaret Keesee-Forrester 
Greensboro, NC 27401 

Ms. Annie B. Kennedy 
Winston-Salem, NC 27t 06 

Mr. John Kerr 
Goldsboto, NC 27530 

Mr. Donald R. Kincaid 
Lenoir, NC 2ll645 

Mr. Bradford 0. Ligon 
Salisbury, NC 28144 

Mr. Daniel T. Liiiey 
Kinston, NC 28501 

Mr. Albert S. Lineberry, Sr. 
Greensboro, NC 27408 

Mr. Sidney A Locks 
Lumberton, NC 28358 
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Ms. Edith L Lutz 
Lawndale, NC 28090 

Mr. R. L Martin 
Bethel, NC 27812 

Mr. William N. Martin 
Greensboro, NC 27420 

Ms. Helen A. Marvin 
Gaztonla, NC 28054 

Mr. Josephus L Mavretic 
iarboro, NC 27B85 

Mr. Robert L. McAlister 
Ruffin, NC 27325 

Mr. James D. McDuffie 
Charlotte, NC 28205 

Mr. John B. McLaughlin 
Neweil, NC 28126 

Mr. H. M. Michaux, Jr. 
Durham, NC 27713 

Mr. George W. Miller, Jr. 
Durham, NC 27707 

Mr. C. I. Mothershead 
Charlotte, NC 23207 

Mr. Wendell H. Murphy 
Rose Hill, NC 26458 

Mr. Martin L. Nesbitt 
Asheville, NC 28801 

Mr. Edd Nye 
Elizabethtown, NC 23337 

Mr. Charles Owens 
Forest City, NC 28043 

Mr. David R. Parnell 
Parkton, NC 28371 

Mr. Hany E. Payne 
Wilmington, NC 28402 

Ms. Beverly M. Perdue 
New Bern, NC 28560 

Mr. Aaron W. Plyler 
Monroe, NC 28810 

Mr. Coy C. Privette 
Kannapolis, NC 38081 

Mr. Liston B. Ramsey 
Marshall, NC 28753 

Mr. Anthony E. Rand 
Fayett&'lille, NC 28302 

Mr. Marshall A. Rauch 
Gastonia, NC 28053 

Mr. Joe Raynor 
Fayetteville, NC 28305 

Mr. William W. Redman, Jr. 
Statesville, NC 2813n 

Mr. E. 0. Redwine 
Shallotte, NC 28459 

Ml. Frank E. Rhodes 
Winston-Salem, NC 27106 

Mr. Jonathan L Rhyne 
Lincolnton, NC 28092 

Mr. James F. Richardson 
Charlotte, NC 28216 

Mr. Eugene Rogers 
Williamstc;>n, NC 27892 

Mr. Kenneth C. Royan, Jr. 
Durham, NC 27707 

Mr. A. P. Sands, Ill 
Reidsville, NC 27320 

Ms. Mary Seymour 
Greeneboro, NC 27408 

Mr. Robert G. Shaw 
Greensboro, NC 27 419 

Mr. J. K. Sherron 
Raleigh, NC 27604 

Mr. Dar1iel A. Simpson 
Morganton, NC 28655 

Mr. Frank J. Sizemore, Ill 
Greensboro, NC 27401 

Mr. Paul S. Smith 
Salisbury, NC 28145 

Mr. A. C. Soles, Jy. 
Tabor City, NC 28463 

Mr. Robert V. Somers 
Salisbury, NC 28144 

Mr. Jamea D. Speed 
Loui3burg, NC 27549 

Ms. Margaret Stamey 
Raleion. NC 21601 

Mr. Edgar V. Starnes 
Granite Falls, NC 28630 

Mr. 'Mlliam W. Staton 
Sanford, NC 27330 

Mr. Robert $. Swain 
Asheville, NC 28801 

Mr. Thomas Taft 
Greenville, NC 27834 

Mr. Timothy N. Tallent 
Concord, NC 28025 

Ms. Lura Tally 
Fayetteville, NC 28303 

Mr. John Tart 
Goldsboro, NC 27530 

Mr. R. P. Thomas 
Hendersonville, NC 28739 

Mr. A. M. Thompson 
Edenton, NC 27932 

Ms. Sharon Thompson 
Durham, NC 27701 

Mr. J. P. Tyndall 
Jacksonville, NC 28540 

Ms. Lois S. Walker 
Statesville, NC 286n 

Mr. Russell G. Walker 
Asheboro, NC 27203 

Mr. MaNln Ward 
Winston-Salem, NC 27106 

Mr. Alex Warner 
Hope Mills, NC 28348 

Mr. Edward N. VJarron 
Greenville, NC 27834 

Mr. Raymond Warroo 
Mint Hill, NC 28212 

Mr. Robert O. Warre11 
Benson, NC 27504 

Mr. William T. Watkins 
Cxford, NC 27565 

Mr. Dennis A. Wicker 
Sanf01d, NC 27330 

Mr. Wade F. Wiimoth 
Boone, NC 28607 

Mr. Walter H. Windley 
Gastonia, NC 28054 

Mr. Dennis Winner 
Asheville, NC 28801 

Ms. Betty H. Wiser 
Rale;gh, NC 27607 

Mr. Barney P. Woodard 
Princeton, NC 27569 

ML Richafd Wright 
Tabo!' City, NC 26463 

Tennessee 

Mr. P.ay C. Albright 
Chattanooga, TN 37402 

Mr. Don Arnold 
Johnson C"1ty, TN 37601 

Mr. Bon Atchley 
Knoxville, TN 37901 

Mr. Joe W. Bell 
Lebanon, TN 37087 

Mr. Joe L Bewtey 
Greeneville, TN 37743 

Mr. Steve 0. Bivens 
Cleveland, TN 37311 

Distribution 8-12 

Mr. John T. Bragg 
Murfreesboro, TN 37130 

Mr. Frank Buck 
Smithville, TN 37166 

Mr. Tommy Burks 
Monterey, TN 38574 

Mr. S. T. Bumett 
Jamestown, TN 38556 

Ms. Jan Bushing 
Nashville, TN 37212 

Mr. Den R. Byrd 
Arlington, TN 38002 

Mr. Guy Celn 
Memphis, TN 38127 

Mr. John Chiles, Jr. 
Nashville, TN 37205 

Mr. Dick Oar1< 
Nashville, TN 37211 
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tv'ir_ Da\•e Coffey 
Q;~~ Ridge, TN 37830 

Mr. Stel!e Cc hen 
f..i.:.:irr.phis, iN 38104 

Mr 'NiilialT· H. Collier 
Waver1y, TN 37185 

~1r. Jerry Vo/. C'.ooper 
Mcf .. ~inn11i!lei, TN 37110 

Mr David Y. Copeland Ill 
Ch.s:ttar"1ooga, TN 37421 

Mr. Floyd H. C1·ain 
R!p!c1, TN 38063 

Mr. Jerry Cross 
Ca.ry.:il!e, TN 3n1~ 

,.,,"If. W[:l.rd Crutchfield 
Chnttanooga, TN 37403 

Mr. lane Curlee 
Tt,.;llahoma, TN 37388 

Mr. PJlqy C. 08.rnell 
Clarks.ville, Tl~ 37040 

Mr. Eugene E. Oa1Jidson 
Sp1ingtield, TN 37172 

tJlr. Edward Davis 
._Wmphis, TN 36116 

Mr. Jimmy K. Davis 
St!'awbsrry Plains, TN 37871 

Mr_ F'2y Da·.,.\s 
~1Han, TN 38.358 

Mr_ Rc.~ralct E Davis 
Ni?wpctt, TN 378?.1 

•J1s. Lois M. De~rry 
Me1nµhia, TN 38814 

Mr. C. E. DeP1!'5Sl 
Pulaski, TN 38~/8 

Mr. Roscoe Dixon 
Memphis, TN 08116 

Mi. Chari.a~ Dfew 
Knqxville, TN 37S14 

Ms. Shirley Duer 
Crossville, TN 3.9555 

l\M. laoriard C. 01,,navarit 
Millioglon, TN ~-.SOf.3 

Mr. Viet OJ Ems 
Nashville, TN 37210 

Mr. John N. Ford 
Mamphis, TN 38109 

Mr. Oiff f(ensl~y 
Franklin, TN 31064 

Ms. Pam Gai9. 
M•mphls, TN 38101 

Mr. Tim Garrott 
Goodlottsv:Ue, TN 37072 

Mr. PDbe1t J. Good 
Johnaon City, TN 37GO I 

Mr. J. A. Greer 
Greeneville, TN 37743 

M:. N'1ilton H. Hamilton, Jr. 
Unioo City, TN 38261 

Mr. Bob E. Harrill 
Madisonville, TN 373.54 

l\1s. Joyce B. HasS1;;il 
Memphis, TN 38117 

fl.'1f. Barton A. Hawkins 
"11our.tain Cit)•, TN 37€131 

Mr. Joe M. H11ynss 
Goodletti.·.ime, TN '37012. 

Mr. James T. Pei:.d 
Ciarksvllle, TN ~70~0 

Mr. Oougla3 Henry, Jr. 
Nashvi!le, TN 37219 

Mr. J&me! M. Henry 
Kingston, TN 37763 

tJI. Bey B. Herron 
Dresden, TN 38225 

Mr. John T. Hie.Its 
Nashville, TN 37214 

Mr. Ivory 0. Hillis, Jr. 
Sparta, TN 38583 

Mr. Fred A. Hobbs 
Eagleville, TN 37000 

Mr. Jim Holr<:imb 
Bluff City, TN 37618 

Mr. Hamid Holt 
Dyeroburg, TN 38024 

Mr. Bruce Hurley 
Surgolnavllle, TN 37873 

Mr. Larry C. Huskey 
Sovl4rville, rn 37862 

Mr.L.H.~ 
Oece.turlille, TN 383~ 

Mr. Doog Jackson 
Dickson, TN 37055 

Mr. Jerry A .• oared 
Cookevlllo, TN 38501 

h.4f. Ulysses Jones, Jr. 
Memphis, TN 38108 

Mr. Rl.ifua E. Jone9 
Mompllla, TN 38109 

Mr.J<.oKont 
Memphis, TN 38117 

Mr. Michael L Ke1·noil 
Memphis, TN .38111 

Mr. Alvin M. i-".ing 
Momphis, TN 38114 

Mr. Carl Koella, Jr. 
Maryville, TN 37803 

Mr. James F. Xyte, Jr. 
Memphi•, TN 38122 

Mr. Frank P. L.ashloe 
Camden, TN 38320 

Mr. Lynn G. Lawson 
Talbott, TN 371fr7 

DisldlJution 8~13 
!\1r. Jirr1 Lewis 
South Pittsburg, TN 37380 

Mr. Jack A. Long 
Gallatin, TN 37036 

Mr. Harold M. Lov-e 
Nashvlllei, TN 3'/~18 

ftAr. Jr.seph R. ~~~.:o.y 
Knoxville, TN 3/919 

Mr. Bill H. Mcf.iJca 
Chattanooga, TN 374~5 

Mr. Joa N. f\.4cKnigt"lt 
Jackson, TN 38301 

Mr. Randy McNully 
Oak Ridge, TN 37830 

Mr. Ted R. Miiier 
Knoxville, TN 37914 

Ms. Ruth C. p.;i..,"11tgomery 
IQngsport, TN 37664 

Mr. Edward H. Moody 
Morristown, TN 37814 

Mr. Cslvln Moore 
Weal Point, TN :.8488 

Mr. Carl R. Moore 
Bristol, TN 37625 

Mr. U. A. Moore 
Miiiington, TN 38053 

Mr. Ed Murray 
Winch<r:i.ter, TN 37396 

Mr. Jimmy Naifeh 
Co11lnglon, TN 3e!l19 

Mr. W. A. Nance 
Garmanlown, TN 38138 

Mr. J. B. Napior 
Columb"1, TN 38401 

Ms. Anna Belle C. O"Brlen 
Crosavllle, TN 3855!; 

Mr. Gary Odom 
N&.$hVille, TN 37205 

Mr. Bill Owon 
Kno~ville, TN 37:)j)9 

Mr. Lou Patten 
Cle·...,land, TN 37311 

~1s. Maria P&roluas 
Knoxvilie, TN 37009 

Mr. Curtis Per;on, .Jr. 
Memphis, TN 3al 17 

Mr. Oaronce W. Ph!lllpa 
Shelbyville, TN 37Hl0 

Ms. Mary J, Pruitt 
Nashvlll4, TN 37203 

Mr. Bill Pu1·c.tll 
Nashville, TN 37200 

Mr. Shelby A. Rhinehart 
$pellC4lr, TN 38585 

Mr. W. A. Richardson 
Columbia, TN 38401 
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f.ilr, L. D. R!dgewi!y 
Paris, TN 38242 

tAr. C. B. Robln~on 
Chattanooga, TN 37404 

Mr. Robb Robinson 
Nashville, TN 37216 

Ms. Ruth M. Rotlr1son 
Jonesborollgh, TN 37559 

ti..~r. Hobert T. Rocha!la 
Lebanon, TN 37087 

M;. J·Jhl'I R. A.:Jcker 
~.1;..rlreesboro, TN 37130 

tw~r. Pal1I C. ~ruggs 
Knox,•me, TN 37';120 

Mr. Chsrles M. Severance, Sr 
Knoxvll:e, TN 379'18 

F:Ar. David A Shirley 
"11emphis, TN 331 !6 

f..1r. J. a. Shc;ckley 
M:.:-:ri~tcwn, TN 3'."814 

Mr. M. F. Stafford 
Lanoir Cit\•, TN J7i71 

jl,11. Ooben S. St..lilings 
E.to!lv.ar, TN 33008 

r~~r. Paul M. St~rn~s 
Ch.~.~ar.ooga, Tl" 37412 

Mr. P.rthur M. Swann 
~.~6.r)·-.tllle, Tr~ 37801 

t..~r. Dan 1 c.:-:kers('3y 
Jij;1;..i<er.in, T~ .'38331 

IVi:- .. Jc~•n S, Tanner 
Union Cit;, TN 38261 

Ms. Brenda K. Turner 
CliP..tla'.lOOUa, TN 37411 

r-..1~. Ls.rryTurner 
Momphia, TN 38109 

Mr. William C. Turner 
Memphis, TN 38122 

'Mr. O&vld L \J~t.tlfY· 
Clar~::;,vme, TN :?7040 

Mr. Clyde B. Wetob 
Athena, TN 37303 

Mr. Ben West, Jr. 
N:ash'/i!lia, TN 3i214 

Mr. Tnomas C. Wheoler 
Clinton, TN 37716 

Mt. Zane C. Whitson 
Unicoi, TN 37692 

Mr. John S. \Vild6r 
Somorvllla, TN 38008 

Mr. Avon N. Williams, Jr. 
Nash-"ill9, TN 31201 

Ms. Karen R Williams 
Memphis, TN 38103 

tM:. Leslie Winningham 
ttu(1\s'.IU\e 1 TN 377~ 

Mr. Mayo Y.Jlx 
We~lmcreland, lN 37186 

t..1:. Herman L Wolfe, Sr. 
Savannah, TN 38372 

Mr. Bobby G. Wood 
Hanlson, TN 37341 

Mr. Ralph Ysllon 
Kingsport, TN 37603 

Texas 

;~1r. Fred Agnlc:h 
Danas, TX 75251 

Mr. A. M. Alkl,1 
C.Ommerca, TX 75-·1.28 

1'~r. Richard .l\ndernon 
Marshall, TX 75670 

Mr. Kenneth ,41rr1brist~r 
Victo;ia, TX n904 

r..1r. Bill Arnold 
Grand Prair9, IX 75050 

t-Ar. Gonialo e.arrlen!os 
Au•bn, TX 78711 

tAr. Erwin W. Barton 
Pasadena, TX 77502 

t-\r. Jeffy J. Be&uchamp 
Sa.1 Antonio, TX 78220 

t..ir. Hugh Berlance 
Austin, lX 78769 

Mr. Weldon Betts 
Hou&ton, T:< ?70.39 

Mr. Bili Bla~kwood 
Moiqu\IO, TX 75149 

Mr." Fred 8'air 
Dallas, lX 75224 

Mr. Roy B\al<o 
Nacogdoches, TX 7S:J01 

'1.11. Chet Brooks 
Pasadena, TX 77501 

Mr. J. E. Bfowrj 
U..ko ..kcks.on, TX ·n555 

Mr. Dick Burn,~tt 
San Ar>gelo, ·rx 7eS02 

Mr. David Ca!n 
Oa!!iS, TX 752413 

Mr. Ben Campbell 
Lewisville, TX :!5067 

Mr. Kent Caperton 
Bryan, lX ne01 
Mr~ Steven A. Cartl~.er 
Roby, TX 79:;43 

Mr. Bill G. Carter 
Fort Worth, TX 70118 

Mt. Eddie Cavazos 
Corpus Christi, TX 784' 5 

Mr. 8111 Cev .. rha 
Rlch•rdson, TX 75030 

Mr. Jerry Clark 
Buna, TX n612 

l\4r. Bi!:y Clemons 
L.cfkln, lX 75901 

Mr. Paul Colbert 
Hol1ston, TX 77035 

fl.~r. Frank Collazo, Jr. 
Port A.1:hor, TX n642 

Mr. Barry Connel~y 
I-lour.ton, TX 17010 

Mr. Tom Craddick 
Midiand, l':~ 79705 

Mt. Ucyd Crl~ 
LaMarque, lX n568 

Mr. Henry (.ue\I~ 
t.aredo, TX 70041 

Mr. Renato Cueller 
Weslaco, TX 78596 

P11r. Johr. Culberson 
Houston, TX n079 

Ms. Debra Danburg 
Houston, TX n266 

Mr. WilhelrnlOa R. Delco 
Austin, TX 78769 

tv1s. Betty Denton 
Waco, TX 76701 

Mr. Hareiid V. Dutton, Jr. 
Houston, l'X T/02:0 

Mr. Robert Earley 
Seaville, TX 72102 

Mr. Pobsrt Ecke!a 
Houston, TX n074 

Mr. Eldon Edgo 
Poth, TX 78147 

Mr. PJ. Edwards 
Houwn, TX 77021 

ldr. Chet Edwards 
Duncanville, TX 75116 

Mr. Charli!& Evans 
Hur:;!, TX 76053 

Mr. Larry 0. Evans 
Houston, rx 77004 

Mr. f:by Fatat>ee 
Wichitz. F.f.l!IO, TX 76'307 

Mr. Charlvs Finnell 
Holliday, TX 763"..6 

Mr. Orlando Getrci.a 
San Antonio, TX 78.:."05 

Mt. John Gavin 
Wichita Fafls, TX 76307 

Mf. Gerald G<tlstweldt 
Mason, TX 7C856 

Mf. Bruoa Gibson 
Cleburne, TX 76031 

Mf. Ron Givens 
U>bbocl<, 'IX 79408 

Distribution 8~ 14 
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Mr. Bob Giasgow 
Stephenvllle, TX 76401 

fv'ls. Ernestine V. G!o~brenner 
Alica, TX 78333 

Mr. AJ Goanoff 
. Dallas, TX 75227 

W.r. Gene Graen 
KoUston, TX 77()37 

Mr. Kent Grusendorf 
Alling:ton, TX 76015 

Mr. Lena Guerrero 
Austin, TX '78769 

Mr. Clint Hackney 
Houston, TX n091 

Mr. Bill Haley 
Q,nter, TX 75935 

Mr. Bill Hammond 
Dallas, TX ·rs214 

tAr. Chris Hair!s 
r-..1ansticld, TX 7&JG3 

Mr. ,Jack Harr.:s 
Pear!:?.nd,TX 775C1 

f\~r. 0. H. Harris 
Oa!las, TX 752.01 

tJ!r. Oud:i~v Harri:::on 
Sande1 s1)n, TX 79848 

t.1r. T3lmad9e Heflin 
HoL·~ton, TX 77042 

Mr. Don Henderson 
Hc1...;.;ton, TX 77070 

Mr. Allen Hightowe( 
Huntsville, TX n:J40 

fl.~r. Pa!JI Hilbert 
Hous.tvn, TX n03Q 

Ms.Anita Hill 
Garland, TX 75040 

,,.1s. Patficia Hill 
D.e.llas, TX 752.01 

Mr. Juan Hinojosa 
McAllen, TX 78501 

Mr. Sill Hollowell 
Grand Saline, TX nt40 

Mr. Steve Holzheauser 
Victoria, TX 77003 

Mr. Jim Horn 
Lewisville, TX 75007 

Mr. Sarnuel W. Hudson. Jll 
Dallas, TX 75215 

Mr. David Hudson 
Tylor, TX 75711 

Mr. Bob Hunter 
ALilene, TX 79699 

Mr. James Hury 
Galveston, TX 77550 

Mr. Cliff Johnson 
PalPr.tlne, TX 75J301 

Mr. Eddie B. Jahr.son 
Dallas, TX 75232 

Mr. Sam Johnson 
Pland, TX 75075 

Mr. Alves E. Jones, Sr. 
El Paso, TX 79935 

Mr. Grant Jones 
Austin, lX 78711 

Ms. Cyndi T. Krier 
Slo Antonio, TX 78207 

Mr. L. B. Kubiak 
Rockdale, TX 76567 

Mr. Edmund Kuempel 
Seguin, TX 7615.5 

Mr. James E. Laney 
Hale Center, TX 79().1-1 

Mt. Jerald Larry 
Oailas, TX 75.216 

Mr. John Le"3dorn 
Dallas, TX 75201 

Mr. Bob Leonard, Jr. 
Fort Worth, TX 76~07 

Mr. Gibson 0. Lewis 
Fort Worth, TX 76114 

Mr. Ron E. t.ewis 
Mauricevllle, TX n626 

Mr. Eddie Lucio, Jr. 
Brownsville, TX 78521 

Mr. Albert Luna, Ill 
Galena Park, TX 77547 

Mr. GrRgory Luna 
San Antoflio. TX i8228 

Mr. Ted Lyon 
Mosquito, TX 75150 

Mr. Frank Madia 
San Antonio, TX 78227 

t..1r. Ken Marchant 
Carrollton, TX 75006 

Mr. Roman Martinez 
Houston, TX ·r1023 

Ms. No.noy MoDon•ld 
El Paso, TX 7992.5 

Mr. Bob McFarland 
Arlington, TX 76013 

Mr. Miko McKinney 
CenteNil!e, TX 75833 

Mr. Jim McWilli&ms 
Marshall, TX 75010 

Mt. Bob Melton 
Gatesville, TX 76528 

Mr. Miko Millsap 
Fort Worth, TX 76163 

Mr. John T. Montford 
Lut.book, TX 79401 

Mr. Dan Mm· ales 
San Antonio, TX 78207 

Distribution B-15 

Mr. Alejandro Moreno, Jr. 
Edinburg, TX 78539 

Mr. Paul Moreno 
El PaSo, TX 79903 

Mr. KaiU-1 Oakley 
Terrell, TX 75100 

Mr. A. R. Ovard 
Dallas, TX 75226 

Mr. C'.arl Parker 
Port Arthur, TX n642 

Mr. Jim Parker 
Comanchi&, TX 76442 

Mr. Hugh Parmer 
Fort Worth, TX 76102 

Ms. Kao T. Palrlci< 
San Antonio, TX 78238 

Mr. Oa.vid Patronella 
Houston, TX 77008 

Mr. L P. Patterson 
Brookston, TX 75421 

Mr. Randy Ponning1on 
Houston, TX 77050 

Mr. Nicholas J. Perez 
El Paso1 TX 79917 

Mr. Rick Perry 
Haskell, TX 79521 

Mr. George Pierce 
San Antonio, TX 78201 

Mr. Anthony L, Polumbo 
Houston, TX no15 

Mr. Al Price 
Beaumont, TX 71701 

Ms. Inna Rangol 
Kingsville, TX 78363 

Mr. Glenn Repp 
Austin, TX 78769 

Mr. BOb Richardson 
Austin, TX 78769 

Mr. Randall H. Rilr,y 
Round Rock, TX 76680 

Mr. Ted Roberts 
l,,orpus Christi, TX 78477 

Ms. Phyllis Robinson 
Gonzalea, TX 78629 

Mr. Ciro O. Rodriguez 
San Antonio, TX 78221 

Mr. Jim O. Rudd 
Brownfittld, TX 79316 

Mr. Sam Russell 
Mount Pleasant, TX 75455 

Mr. H Tati Santie:otaban 
El Paso, TX 79001 

Mr. Bill Sarpalius 
Ainatlllo, TX 79114 

Mr. Robert Saunders 
LaGrange, TX 78945 
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M1·. Stan Sohlueter 
Killeen, TX 76541 

Mr. Alan Schoolcraft 
Universal City, TX 78148 

Mr. Curtis L So id tits, Jr. 
Sherman, TX 75090 

Mr. Larry D. Shaw 
Big Spring, TX 79720 

• Ms. Gwyn C. Shea 
Irving, TX 75061 

Mr. Dan Shelly 
Crooby, TX 77532 

Mr. Hugh D. Shine 
Temple, TX 76503 

Mr. Bill Sirns 
Sar. Angelo, TX 76002 

Ms. Ashley Smith 
Ho~ston, TX nos1 
f.Ar. John T. Smithee 
Amarillo, TX 79101 

Mr. PJe:tiard A. Smith 
Bryan, TX 77802 

f"1r. Terral Smith 
Austin, TX 78T$9 

Mr. Chip Stanlswalis 
Amarillo, TX 79109 

Mr. Mark Stiles 
Baaumont, l"X 1noo 
Mr. Lou N. Sutton 
San Antonio, TX 78205 

Mr. Jim Tallas 
Sugar Land, TX 77478 

Mr. M. A. Taylor 
Waco, TX 76714 

Mr. Frank Tejeda 
Ssn Antonio, TX 78221 

Mr. Barry T alfard 
OeKa,b, TX 75559 

Mc·. Garfield Thompson 
forJ1 Worth, TX 76105 

Mr. Sanfronia Thon1pson 
Houston, TX n016 

Mr. Mike Toomey 
Houston, TX 77084 

Mr. Carlos F. Truan 
Corpus ChrloU, TX 78408 

!Vlr. D. R, Uher 
Bay City, TX 77414 

tJlr. Hector UriblJ 
Brownsvills, TX 78520 

Mr. Jack Vowell 
El Paso, TX 79912 

Mr. Tom C. Waldrop 
Cors!c&na, TX 75110 

Mf. Ratph Wat:ace, Ill 
Houston. TX n017 

Mr. Larry Warner 
Port Isabel, TX 78578 

Mr. Craig Washington 
Houston, TX 77004 

Mr. Richard Waterfield 
Canadian, TX 79014 

Mr. Gary Watkins 
OdesSa, TX 79761 

Mr. Ed R Watson 
Deer Park, TX 77538 

Mr. Foster Whaley 
Pampa, TX 79065 

Mr. John Whttmlre 
Houston, TX 77008 

Mr. Richard F. Williamson 
Weatherford, TX 76086 

Mr. Doyle Willis 
Fort Worth, TX 76102 

Mr. John Willy 
An9ieton, TX 77515 

Mr. Ron Wilson 
Houston, TX 77033 

Mf. Ste1,1en 0. Walons 
Dellas, TX 75247 

Mi. Brad Wright 
Austin, TX 78769 

~1r. Gerald V. Yost 
longview, TX 75606 

Ms. J~dith b.tfirinl 
U:rodo, TX 70043 

3. 

Arizona 

Stale and Local 
Officials 

Mr. Glendon E. Collins 
Phoenlz, AZ 85007 

Ms. Regina Drln1€uth 
Gila Bend, AZ 85337 

~1s. Clara N. Dunn 
Phoenix, AZ 85007 

Ms. Janis Dunn 
Phoenix, AZ 65007 

Mr. Julius A. Fox 
Oila Bend, AZ 85337 

Mr. Rol.>ert E. Gasser 
Phoenix, AZ 851J07 

Mr. Terry Goddard 
Phoenix, AZ 85003 

Mr. Aidaye Guido 
Phoenix, PZ 8$03 

Mr. Torry Johnson 
Phoenix, IQ 85023 

Mr. \an Maephers.on 
Phoenix, l\Z. 8$007 

Mr. Don Morris 
Tuscon, AZ. 85719 

Mr. James P. Oxley 
Phoenix, AZ. 85007 

Mr. Temple A. Reynolds 
Phoenix, AZ 85023 

Mr. Wayr.o \.. Shuyler 
Phoenix, AZ 85007 

Mr. Thomas L Swanson 
Tucson, AZ 85701 

Mr. Dean Weatherly 
Casa Granda, IQ. 85222 

Colorado 

Mr. Don Ament 
Uiff, CO 80736 

Mr. Sam Attencio 
Aurora, CO 80011 

Mr. Bruce Bass 
Brush, CO 80723 

Mr. Jim Brandon 
Akron, CO 80720 

Mr. Gone Branter 
Greeley, CO S0032 

Ms. Margaret Carpenter 
Thornton, CO 80229 

Mr. Ed Cecil 
Akron, CO 80720 

r..1r. James C. Collard 
Fort Morgan, CO 80701 

Colorado SSC Project 
Qen..,er, CO 80203 

Distribution 8-16 

~1r. Lawrence J. Coughlin 
Brush, CO 80723 

Mr. Chuck Cunliffe 
Groel•y, CO 80631 

Mr. Phil Davey 
Fort Morgan, CO 80701 

Ms. Pam Downs 
Denver, CO 80202 

Mr. Ronald Edwards 
ft. Morgan, CO 80701 

Ms. Phy!li-s S. For~ha 
V'Jlggins~ CO 80654 

Mr. Jim Geier 
Denver, CO 80220 

Mr. Sam Gomez 
Brighton, CO 80601 

rJlr. Kant Gumina 
Fort Morgan, CO 80701 

Mc. Darrel Hamilton 
Fort Morgar1, CO 80701 

Mr. John Horn 
Akron, CO 80720 

tll1r. C.''iV. Kirby 
Greeley, CO 80632 
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~Jr. Harold Kite 
Brighton, CO 80601 

Mr. Bob Markley 
G•••ley, CO 80631 

Ms. f\.1arga~et B. Melcher 
Buena Vista, CO 81211 

Mr. f1icha;d Meb 
Ft. Morgan, CO 80701 

Northeast Colorado Heal'th Department 
Sterling, CO 80751 

Mr. Raymond R. Rabe 
Sterling, CO S0751 

Mr. Reid Reynolds 
Denver, CO 80203 

Mr. Pat Rogers 
Denver, CO 80203 

Mr. Sam Sasaki 
Greoley, CO 80631 

Mr. Tin1othy W. &hultz 
Denver, CO 80203 

Mr. Tim Shultz 
.penirer, CO 80203 

Ms. Joan Sowinski 
Denver, CO 80220 

Colorado State Clearing House 
Denvar, CO 80203 

Mr. Nickie Stoner 
C-ommerce .... City, CO 80022 

Mr. Ted Strickland 
Westministar, CO 80030 

Mr. Greg Sundstrom 
Fort Morgen, CO 80701 

Mr. Warren Wendling 
Denv•r. CO 80203 

District of Columbia 

Mr. Robert S. Aiken 
Washington, DC 20036 

Mr. Hanry Gondy 
WashinQton, DC 20024 

Mr. W;nn Harris 
Washington, DC 20024 

Mr. John Hasley 
Washington, DC 20001 

Ms. Terri Moreland 
Washing1on, DC 2000 I 

Mr. Rick Tho,nberg 
Washington, DC 20024 

Illinois 

Mr. Berlin Akera 
Plano, IL 60545 

"11r. Gary K. Ar1derson 
Decatur, IL 62523 

Mr. Ray J. Ea rid low 
Maple Park, IL 60151 

Mr. Sarn Bandy, Jr. 
DeKalb, IL 60115 

Mr. Tom J. Barbaline 
Springfield, IL 62706 

t.~r. Wtll!am M. Barbel 
Schaumburg, IL 60196 

P..1r. Robert Bauer 
Champaign, IL 61820 

tJ.r. Carl 69cker 
Springfield, IL 62701 

Mr. Tom Berkshire 
Springfield, IL 62706 

Mr. Thomas Lay Burroughs 
Springfield, IL 62777 

Mr, Phillip S. Bus 
Geneva, IL 60134 

Mr. Keros CartWright 
Champaign, IL 61820 

City of St. Charles 
St Charles, IL 60174 

Mr. Ga'Y A. Clark 
Springfield, IL 62764 

Mr. Frar1klin B. Coffman 
Yorkville, IL 60560 

~~r. John W. Countryman 
DeKalb, IL 60115 

Ms. Sonya A Crawshaw 
Hanover Park, IL 60103 

Ms. Donna On!lesasse 
Batavia, IL 60510 

Mr. Michael Divine 
Springfieid, IL 62701 

Ms. Marte A. Downey 
Bartlett, IL 60103 

iit1r. William K. Durham 
StMing, ll 61081 

Mr. Phlllp 8. Elfstrom 
Geneva, IL 60134 

Mr. Thomas Emerson 
Springfi~ld, IL 62701 

Dt. Don Etoi1ison 
Sprin~fieid, IL 62704 

Mr. Edward R Evans 
Big Rock, IL 60511 

Mr. Nabi R Fakroddin 
St. Charles, IL 60175 

~~1. Mark Fmsh 
Sp;ingfield, IL 62701 

Ms. Adeline J. Geo~Karls 
Springfield, IL 62706 

Mr. Garald Girardot 
Wost Chicago, IL 80185 

~.s. Anne Glaese 
Champaign, IL 61820 

Mr. David L. Gross 
Champaign, !L 61820 

Distribution B-17 
Mr. Jay Hedges 
Chicago, IL 60601 

Mr. Roger G. Hopkins 
Sycamore, IL 60178 

Mc. Marvin Hubbell 
Springfield, IL 62701 

Mr. Mark Joselyn 
Champaign, IL 61820 

Ms. Sandra M. Joseph 
Maple Park, IL 60151 

Mr. Ed Kelly 
Elgin, IL 60120 

l"'1r. John Kempton 
Champaign, IL 61820 

Mr. C''l80rge Klomhaus 
S.,,gar Grove, IL 60554 

Mr. Jack T. Knuepfer 
Wheaton, IL 60187 

DI'. Morris Leighton 
Champaign, IL 61820 

Ms. Claudia Lernon 
Springffeld, IL 62700 

Mr. Richard Lewis 
Geneva, IL .60134 

Mr. Joe Ugas 
Chlcsgo, IL 60606 

Mr. Vivian Lur.d 
Warrenville, IL 60555 

Mr. Michasl J. Madigan 
Sptingfield, IL 62706 

Mr. Robert Martin 
Whea1on, IL 60187 

Mr. Albert D. McCoy 
Aurora, IL 60506 

Mr. Frank Miller 
Geneva, IL 60134 

Mr. Jeffrey C. Miller 
Springfield, IL 62706 

Ma. Ruth O'Connell 
Chicago, IL 60605 

Mr. Robert 0. Packham 
Hanover Park, IL 60103 

Mr. Charles P11.jor 
Naperville, .IL 60566 

Mr. David Pierce 
Aurora, IL 60507 

Mr. Edward J. Resner 
Hanover Park, IL 60103 

t.Ar. Jack Romine 
Napervilie, IL 60566 

Mr. Jeff Schielke 
Batavia, IL 60510 

rvtr. P.it:hard G. Samonin 
Champaign, IL 61820 

Mr. Ste\'e Shard 
Sprlngt;eld, IL 62794 
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Distrib1?tion 8-18 
~.1r. Keith M. Snerman I.Ar. &!b Geru 1 f"~s. ~rty J. Gfanger 
Springfield, IL 62764 L.an&lng, Ml 48909 Jackson, Ml 49201 

Mr. Ricliatd n. Shockley City of l..an:>ing Ms. lrone 0. Granger 
Springfield, IL 62706 Lansina. Ml 48.933 Petoskey, Ml 49770 

Or. Krisha.rs P. Si:-igh Ms. Marjorie A. C!ctrk Mr. F-Afohael J. GriHin 
Champaign, JL 61820 Grass t.a~a. Mi 49240 tznsing, Ml 48909 

t..ir. Jack C. Slingerland Ms. Doroth~· l..olestock Mr. Herman Gumper 
Sptlngt/u/d, IL 62706 Jar.keon, Ml 49203 Jackson, Ml 49203 

Mr. Richatd Slnonio Mr. Rk:hard L. Ct.)!~tts. Ms. Martha Halsey 
Champaign, IL tH820 St. Jolms, Ml 48879 PO!tGNille, Ml 4S876 

.._.fr. Greg Sparrow Mr. Jot-in J. Conely O<. John F. Hanfe$ki 
D•K.alb, IL 60115 Cheboygan, Ml 49721 Lansing, Ml 4B91J 

fv'!r Tom Staunton Ms. Sus CriSDil'I Mr. James R. Hein:zman 
Chkago, IL 60f>01 Laosing, Ml 43909 Lansing, Ml 48.913 

Mr. Nonr1an B. Stofferaiin Mr. Bfyan J. Crough Ms. Ruth L Heso 
\Vinthrop Harbor, IL 60096 Tr8V9iS. (;itv, Ml 49685 Rig Rapids, Ml 49J07 

t'f1r . .Jc.hn J. Straus, Jr. Mr, Johl'' G. Q3hof Mr. P.andy L Humphrey 
Chic.ago, IL 60001 U.nslng, Ml 49917 St. Johns, Ml 48879 

Mr. Mark Sus.:ko Mr. Da'll ,), Dclab\>lo tnghs.m County Ub1aries 
SprinQfie!d, IL 62703 Rockfr:nd, Ml 4&341 Stockbridge, Ml 49285 

Jv.1s. Garol Thompson Delta Char1er Township rJJr. Paul E. Inglis 
O&neva, IL 60134 Lansil1Q, r~11 48917 Hart, Ml 49420 

Mr. Mario F. To:on1ei Mr. Garald: L DeRuiter Ms. Unda Jakewa:y 
Su.gar Gro11&, IL 60554 Kenl"Nood, t.111 49508 Mason, Ml 48854 

tv1B. Sandra T1istano Ms. Sandra L. n~aggo Mr. Brian Jeffries 
Sprlngfiold, IL 62704 Lansing, Ml 48910 Mason, Ml 4eB54 

Ms. Nancy C. Venegas Mr. Eldon Dymond Mr. Timothy D. ~loseph 
C<eo:WOod, IL 60445 Charlotta, ~~11 48813 Manistee, Ml 49680 

Ms. Mary E. Wall Mr. Vernon Ehlers Ms. June Komar 
Wheaton, IL 60187 lan(;ing, rim 48009 Ann Arbor, Ml 48107 

Mr. Da11ld Werdln Mr. John Engler Ms. Jean A, Korthsse 
Elburn, IL 60119 Lansing, Ml 48900 Boyne City, Ml 49712 

Mr. Oavid Werdin Mr. Thomas J. Fegan Mr. Daniel C. Krueger 
K1u1e11il!e, IL 00144 Ann Arbor, Ml 48107 Grand Haven, Ml 49417 

Dr. Michael 0. Wiant Mr. William Fi1ch Ms. Mary LaClear 
Sprh1gfield, IL 62700 Jackson, Ml 49201 Williamston, Ml 4C895 

Mr. Stan Yonkaust·I Ma. Kim Aemlng Nokes Lansing City Council 
Spriflgfleld, IL 62704 Lansing, Ml 48910 L•nslng, Ml 489JJ 

Maryland Or. W. Randolph Frykberg Mr. Ken Lautzenheiser 
Boyne City, Ml 49712 Jackson, Ml 49204 

Ml'. Robert Barn&s Ms. M. Frances Fuller Mr. Blaine C. Lentz 

Annapo:ls, MD 21401 Charlotte, Ml 48813 SI. Johns, Ml 48879 

Mr. Thomas Mag6tte Mr. Byron F. Gallagher "-1s. Patricia ft_ Leult 

Anna.polis, t..10 21401 Spring Arbor, Ml 49263 Cl<Lrk lAl<e, Ml 49234 

Mr. Lewi; Gentry tJlr. John J. Lindale 
Michigan Grand Led~&, Ml 48837 Muskegon, Ml 4!¥.-40 

Mr. Bob Gibo!d Mr. Gary A. Matt 
Mr. l. Daryl Bak9' Lansing, Ml 48909 J!lck50ll, Ml 49201 
Coailotte, Ml 48813 

Mr. Larry Glazer Mr. Ja.ck H. McClure 
Ms. Shirley A. Beckman Lansing, Ml 48009 Albion, Ml 49?.24 
Mason, Ml 4BS54 

t...,r. Terry McKane Mr. Harold B. G1over 
Ms. Karen K. Benson Delrlot, Ml 4S207 L.s.nsing, Ml 48933 
Gra.nd Haven, t..11 49417 

Mr. George 0. Goodman Ms. Kathleen McOuetin 
Ms. Jean Bowets Ann hbor, Ml 48106 Bath, Ml 48808 
Beula~. Ml 49617 

Mr. Charles B. Graham Mr. John E. Mogk 
Mr. Robert E. Carey Frankenmuth, Ml 48734 Lansing, Ml 48.913 
Grand Ledge, Ml 48837 
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Pvls. Kim F. No'-ias 
Lansi~g. Ml 48910 

Mr. Gary Owen 
Lancing, Ml 48009 

ti.1s Mlchelyn Pasteur 
Lansing, ~11 45909 

PAr. ~arvln Preston 
Maaon, Ml 4f.354 

Mr. Thomas J. Ratchtor.:I 
Jackson, Ml 49201 

Mr. Milton W. Rohwer 
Grand R:ztpids, PJ11 49503 

l\.,s, Laura Saxton 
B&Hairie, Ml 49615 

f.i1r. Ja;nes Spackman 
LansinG, Ml 48933 

Mr. Donald E. Spafer 
Parma. Ml 49224 

Ms. Joan Spicer 
Michigan Center, 11.1i 49254 

Ms:. Barbara Sullenget 
Lansing, Ml 48909 

Ms. P1·iscllla Sutliff 
f'annei, Ml 4Q2t>9 

Ms. Jane Swanr.hnra 
St Johns, Ml 48Efl9 

tb.. Doug Thon;pson 
Lansing, Ml 48915 

t/lr. f.i.ichaa! £. Thompson 
1¥1~S•.1!\, Ml 4&-~ 

Mr. Tin1cth:1 E. Thw!ng 
Monroe, ~JU 4b113l 

Mr. B1uce E. 1 owler 
Y~si~snt!, ti.ii 40197 

tJs. Nancy Tuls 
Z~el.!!nd, Ml 49454 

Mr. C. Goidon Vandemark 
St Johns, Ml 4&9"9 

Ms. Louise Wal!aC3 
C::.ldwo.ter, M! 40036 

North Caroll11a ------
Mr. B.:i.rry W. Allen 
Durham, NC 27701 

Mr. Chr;s Baggott 
fulolgh, NC 27603 

._,,, s Chl)'S B~ggett 
fule'gh, NC 27611 

i\tr. 1ili!iinm Sell 
Durham, NC :.'.:7713 

Mr. DEr./t: Bi:igham 
R;;i!eigh, NC .27t:~ l 

f"'1t. \Vill;arn 0. Uingham 
Raleigh, NC 27£ 11 

._1r. H~reild Blizza.rd 
O:do1d, NC 2·:565 

Mr. John P. Bond Ill 
Durham, NC 27701 

PAr. David Brooks 
0.r.fofd, NC 27555 

Mr. Robort H Caldwell 
Greensboro, NC 27 429 

fl.1r. Albert Carpanter 
rw.!eigh, NC 27611 

City of Durham 
Ourh3m, NC 27701 

Ms. &Jsan Dakin 
f<alolgh, NC 27€11 

~J'Jr. Derek Day 
Roxboro, NC 27573 

Mr. Wililam l. Dunn 
Ralalgh, NC 27003 

Mr. William l. Dunn 
Ra1olgh, NC 27611 

Ms. l'Jlle G. Elllng1oo 
O;fo,d, NC 27505 

f...1r. Wilbur P. Galley 
Ourtia1n, NC 2n13 

Ms. Rebecca M. Ht,ron 
Durham, NC '2.T!U5 

Mr. Gerald Kalley 
Durham, NC 27701 

Mr. Noll Ma.Uory 
Her:d&rso.,, NC 27635 

Mr. James G. M::irtin 
Ral~lgh, NC 2?f11 

Mr. HJ.A. Mict•~Lix Jr. 
Durham, NC :.?:'702 

Mr. S. T. Fthod~s 
Ra!ei1,;.h, NC 27607 

Mr. ,I\. T. Rolan 
Ourh:.m, NC ~7701 

Mr. A. J. Sa,;iar 
Durham, NC 2j713 

ti.1r. William W. Sun 
C'.urha.m, NC 27104 

Ms. Jfoanette Tomc:ia\i: 
Raleigh, NC 2;·611 

Mr. OC'nald J, W:ildo 
A.'.lxboro, NC 27573 

Mr. ~1i~e S. \\'il"':ins 
Roxboro, NC 27513 

Tennessee 

Dr. Ralph H. Brooks 
Knoxville, TN 3?902 

Mr. Charles Brown 
Nashvilie, TN 37219 

Mr. A. 0. Caldwell 
She.lb~~1illo, TN 37160 

t.;1r. Dsnie! C. Eagar 
Nash11ilie, TN 37219 

Mr. Henry FeldhP.US 
Shelbyville, TN 37160 

Mr. Cliff Frendoy 
Nashville, TN 37219 

Mr. Ray Gilbert 
N&shvlllo, TN 37219 

Dr. 8bert T. Gill 
Nashville, TN 37203 

Mr. Horbert l. Harper 
Nashville, TN 37219 

.ll.1r. Brian Hensley 
Nashville, TN 37219 
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Mr. Logan Hick&roon 
Murfreesboro, TN 37129 

Mr. I. V. Hillis, Jr. 
Sparta, TN 38503 

Mr. Joe Jackson 
Murfrffsboro, TN 37133 

Mr. Frank Johns 
Smyrna, TN 37167 

Mr. t:arl Johnson 
Nashville, TN 27219 

Mr. Jerry P ..• k .. nes 
Chatanooga, TN 37422 

Mr. Jlrr1 Kenoody 
Nashvilie, 'TN 37.21\:J 

Mr. Elmo Lunn 
Nashvil!o, TN 37219 

Mr. John Mar*in 
MurfreeSbc(G, TN 37130 

~1,. Befnie H. fvtait!11 
Shelbyville, TN 37160 

Mr. Carl R. Moore 
Nashville, TN 372:9 

f>l1r. Ed Murray 
Nashville, TN 37219 

fA: . .. limmy Naifen 
Nashville, TN 372·19 

"-1r. Carlton Nouis 
L"3wisburg, TN 37091 

fw1s. A."lnn 8. O'Brien 
Oc.issvil!&, T~J 38555 

Mr. PatJI Pari.er 
Shelb}l'llill(l, Tr-.! 37160 

~11. Maynard Pa~e 
NashV'ille, TN 37201 

Mr. W. A. Richafds,}n Jr . 
Coiurnbia, TN 38401 

Mr. Sill Rk:tiardson 
Nil!:lhvii:ie, TN 37219 

Mr. Knox Ridley 
Smy1na, TN 37167 

Mr. Aoben Ring 
Ftanklin, TN 37('£4 

Mf. Doug R<1gers 
Chapei Hill, TN 37034 
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:Ar. John R R•Jc~er 
Murfreesbofo, TN 37130 

Dr. Robert S. S·.:.ndars 
Murfrf:l<Jjbi,:."C, TN 37133 

rv1r. M. Paul Schrriierb&ch 
Knox•1ille, TN 37902. 

W.s. U:lian Stew:u1 
Franklin, TN 37065 

~.s. Patricia Thompson 
Nashville, TN 372!9 

Mr. Rob~rt Trantham 
t:-:1owns11me, TN 38012 

Mr. J. Frecl1.1rio:~ Wefnhold 
Knoxville, TN 3·r932 

Mr. J. F. V/::oll"/hold 
Chatta.1ooga., TN 374V2 

Mr. Charles West 
Le1roi~burg, TN 37091 

Mr. Jo/in S. V'./!/der 
Na:~hvi1it3, TN 37:?:19 

M1. Thom$s f,. \'l/ojt.:>.iik 
Cho.tta!looga. TN 37402 

Mr. T. C f.d3ms 
Austin, TX 78711 

Mr. Edgar D. S:iifey 
.eJJstin, TX 78756 

Ms. Norn1a Lea Beetsitt)I' 
Dallas, TX 754..'06 

Mr. Edward C. Binwfer 
Au~tin, TX 73713 

Mr. Robeo·t P. Brszir1a 
Vidor, TX 77662 

Or. Ban Brown 
Austin, TX 78701 

r...tr. Richard P. erowna 
The Woodlands, TX 77310 

~!.r. Bill Cr~b1·:l•9, Ji-. 
Gr~nd P1s.lritl, lX 7~D53 

f.il1. Bob 08vi:.; 
Mont Bst,,i~u. TX nsao 
Mr. Robert D. Duka 
Dallas, TX 75231 

Mr. Valcris 0. Ewoll, Jr. 
'fVaxahachie, TX 75165 

Ms. Nancy Gay 
t.Jllneraf Wells, TX 76007 

Mr. Ron Gi:Hspie 
Ennis, T.K 75119 

Mr. James W. Gr:ander 
Pearsall, TX 78061 

f.V. Dillard S. H.s.mmett 
Austin, TX 78711 

fi..~r. Marlo A. Hernandez 
San Aritonio, TX 78296 

Mr. Sleva 1-'ow~r:cn 
Erinis, TX 75119 

t.~r. tJlor!o...., Hunter 
DeG.:>to, TX 1::1·1s 

tAr. Lawrence R. Jacobi, .Jr. 
Austin, TX 78752 

Mr. P.ax. Jonnir.gs 
Aus!ln, TX 78701 

Mr. David Jones 
PafntGr, TX 76152 

Mr. Jo.ck P. Leigh 
VVaxah<?.:::hie, TX 75i65 

Mr. Len elf t>i1cGr:'!i:W 
Ennis, TX 75119 

Mr. f:ltl t.Aolll)n 
Austin, TX 78768 

t..Ar. Ger.f!l (.)'Dunnell 
WaKahachle, TX 75165 

Mr. J:;stin R. Orm!lhy 
El Paso, TX 79901 

tAr. Mauri::o Osborn 
Midlothian, TX 76C/ili 

Mr. Walter Palrr1a, Jf. 
Corsicana, TX 75110 

Mr. John R. Perch1al 
Ennis, TX 75119 

Mr. Che1lss Pint:> 
Midlothian, TX 7SOC5 

Mr. Jack M. Rains 
Austin, TX 1a·111 

Mr. Joe Shustaf 
Fort StOf"..ld.on, TX 79r·35 

Mr. Johnny B. Sirns 
Waxahachie, TX 75165 

Mr. Larry Skinner 
Ennis, TX 75119 

Mr. Robert Sokol! 
Waxahschi&, TX i'5165 

r.Jlr. Gavino fJ. Sotelo 
Harlin'2Gn, TX 78G51 

Mr. Bob Spair'I 
Ausiin, i:-x 78144 

Ms. Anr.ei1a Strau'3s 
Dallas. lX 75201 

Mt. Barney Ta~·ror 
Waxahachie, TX 75105 

Mr. Ch~rles D. Travis 
Austin, TX 78744 

Mr. Joh11 Trayhan 
Ennis, TX 75119 

Mr. Rex \'Vo.hi 
Aus11n, TX 73744 

Mr. Cliff Wammack 
Waxahachie, TX 75165 

Ms. Jan Wilkinson 
Ennis, TX 75119 

~4:.. S:..rzi \l'Jim3,r·s 
t~ustin, TX 78757 

Mr. Jerry Yost 
Longvi&\V, TX 756 C6 

Virginia 

ti.1r, Don~!d J. Finl ey 
.2!19 Rir:hr11ond, VA 23· 
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4. Distri ct of Columbia 
Offices S!ate 

Arizor:c~ 

Mr. Peta!· S!r>ne 
Gold and Ueb~ng: oo<:l, Inc. 

Colorado 

Mr. Pa!gA Reife 
Cutler and Stanfif~l d 

Illinois 

Mr. Cr~ig Helsing 
Consultant 
Hect, Sp1=Jnce, and Ogle$by 

Mr. Galen At;;ser 
Director 
Wo.shlnijtcn Of~k:~ 

Michigan -------
Ms. JoEllen Darcy 
Waahington Off!oo of the Governor 

North Carolina 

Mr. Ed Fnrgoti:;on 
Wonder and Oiefan·· de.-ier 

Ms. Karen Rohf:rtr; 
Director 
Wdshington Oftict: of the Gcvernor 

Tennessee 

~.te.. Carolyn Jourda n 
Oftk:o ol Senator Ja1 ·nos Sasser 

Texas -------
r.tir. Henry Gandy 
~rector 
Office of Ste1e - F\)d 
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II. 

Arizona 

Native 
American 
Tribes and 
Individuals 

Mr. Donald R. Antone, Sr. 
Sacaton, /J2. 85247 

Mr. Gerald Anton 
Scottsdale, AZ. 85256 

Mr. Enos Francisco 
Sells, AZ 85634 

Ms. Leona Kakar 
Maricopa, AZ 85239 

Mr. John Lewis 
Phoenix, AZ 85013 

Mr. Peter McDonald Sr. 
Window Rock, AZ. 86515 

Ms. Patricia McGee 
Prescott, AZ. 86301 

Mr. Clinton Pattea 
Fountain Hiiis, AZ. 85268 

Mr. David Ramirez 
Tucson, AZ 85746 

Mr. Ivan Sidney 
Kykotsmovl, AZ. 86039 

Mr. Theodore Smith, Sr. 
Camp Verde, AZ 88322 

Tohono O'Odham Nation 
Gila Bend, AZ. 85337 

Ms. Harriet Toro 
Sells, AZ 85634 

Mr. Thomas R White 
Sacaton, AZ 85247 

Canada 

Mr. Dean Jacobs 
Canada N8A 41<9, ON 

Colorado 

Mr. Wallace Colley 
Denver, CO 80219 

Mr. WaJter Johns 
Denver, CO 80203 

Mr. Richard Tall Bull 
Denver, CO 80203 

District of Columbia 

Mr. Robert Holden 
Washington, OC 20002 

Indiana 

Mr. Raymond White 
Peru, IN 46970 

Kansas 

Ms. Nancy Keller 
Reserve, KS 66434 

Mr. Fred Thomas 
Horton, KS 66349 

Mr. George Wahquahboshkuk 
Mayetta, KS 66509 

Michigan 

Mr. Perry Compow 
Ludington, Ml 4943 t 

Mr. David Mackety 
Fulton, Ml 49052 

Mr. Arnold J. Sowmlck, Sr. 
Mt. Pleasant, Ml 48858 

Mr. Arnold Sowmlck 
Mt. Pleasant, Ml 48858 

Ms. Audrey Wicket 
Dowagiac, Ml 49047 

Minnesota 

Mr. Arthur Gahbow 
Onamia, MN 56359 

Mr. Donald Hackey 
Nott Lake, MN 55n2 

Mr. White Hartley 
Coss Lake, MN 56633 

Mr. James Hendrickson 
Grand Portage, MN 55605 

Mr. William Houle 
Cloquet, MN 55720 

Mr. Darrell Wadena 
Cass Lake, MN 56633 

Missouri 

Mr. George Ceptain 
Seneca, MO 64885 

North Carolina 

Mrs. Nannie Martin 
Roxboro, NC 27573 

Ma. Unda Milla 
Hollister, NC 27844 

Mrs. Ruth Revels 
Greensboro, NC 27403 

Mr. Jonathan Taylor 
Cherokee, NC 28719 

Mr. Robert Youngdoer 
Cherokee, NC 28719 

Nebraska 

Mr. Reuben Snake, Jr. 
Winnebago, NE 68071 

Oklahoma 

Mr. Lewis H. Barlow 
Miami, OK 74355 

Mr. John Barrett 
Shawnee, OK 74801 

Mr. Leaford Bearskin 
Wyandotte, OK 74370 

Mr. Ronald Burgess 
Lawton, OK 73502 

Mr. Donnie Frank 
Binger, OK 73009 

Mr. Edgar French 
Anadarko, OK 73305 

Mr. Vernon Haddon 
Anadarko, OK 73305 

Mr. Glenn Hamilton 
Cerneglo, OK 73015 

Mr. Edward Leonard 
Miami, OK 74335 

Mr. Francis Levier 
Shawnee, OK 74801 

Mr. Elmer Manatowa, Jr. 
Stroud, OK 66529 

Mr. Elmer Manatowa 
Stroud, OK 74079 

Mr. Wallis McNaughton 
Miami, OK 74355 

Mr. Charles Norman 
Tonkawa, OK 74653 

Mr. Jim Wahpepah 
McCloud, OK 74851 

Wisconsin 

Mr. Arlyn Ackley, Sr. 
Crandon,\NI 54520 

Mr. Rog C. Miller 
Bowler, WI 54416 

Mr. Gordon Thunder 
Tomah, WI 54660 

Mr. Rena White 
Bowler, WI 54416 
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Ill. Libraries 
Arizona 

Noble Science & Engineering Library 
Tempe, PZ 85287 

Phoenix Public Library 
Phoenix, AZ. 85004 
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Colorado 

East Morgan County Library 
Btush, CO 80723 

Fort MorgM·Publlc.IJbrary 
Fort MorgM, CO 80701 

District of Columbia 

DOE Public Reading Room 
Washington, DC 20585 

Illinois 

Aurora Public Library 
Aurora, IL 60506 

DOE Public Reading Room 
Chicago Operations Office 
Argonne, IL 60439 

Illinois SSC Project Olflca 
S.tavla, IL 60510 

K•nevlllo Township Library 
Kaneville, IL 60144 

St. Charles Public Library 
s:. Olarles, IL 60174 

West Chicago Public Library 
West Chicago, IL 60185 

Michigan 

Ingham County Library System 
Mason, Ml 48854 

Jackson District Library SyS1em 
Jackson, Ml 49201 

North Carolina 

Durham County Library 
Durham, NC 2n01 

Roxboro Library 
Roxboro, NC Z7573 

Richard H. Thornton Library 
Oxford, NC 27565 

Tennessee 

DOE Public Reading Room 
Oak Ridge Operations Office 
Oak Ridge, TN 37831 

Linebaugh Public Library 
Murfreesboro, TN 37130 

Tennessee Department of Economic and 
Community Development Library 
Nashville, TN 37219 

Texas 

Ennis Public Library 
Ennis, TX 75119 

Sims Library 
Waxahachie, TX 75165 

!IV. Environmental 
Groups 

!Arizona 

Ms. Alicia Bristow 
Commlaslon on the Arizona Environment 
Phoenix, f(Z. 85007 

Mr. Michael J. Doyle 
Department of Environmental QualiW
Phoenlx, f(Z. 85004 

Mr. Robert Farrer 
Department Of'Water'Resources 
Phoenix, f(Z. 85007 

Dr. Larry Fellows 
Bureau of Geology and Mineral Technology 
Tucaon, AZ 85719 · 

Ms. Shereen Lerner, SHPO 
Arizona State Parks 
Phoenix, f(Z. 85007 

Mr, Scott Miiis 
SWCA Environmental Consultants 
Phoenix, AZ 85016 

Mr. James Norton 
The Wlldemeaa Society 
Phoenix, f(Z. 85004 

Mr. Bruce Palmer 
Arizona Game and Fish Department 
Phoenix, P2.. 85023 

Mr. Paul A. Scheidig 
Arizona Department of Environmental 
Quality 
Phoenix, f(Z. 85004 

Ms. Donna Schober 
Arizona State Parks 
Phoenix, f(Z. 85007 

Mr, Ivan J, Shield• 
Arizona ~ricultura and Horticulture 
Commlasslon 
Phoenix, f(Z. 85007 

Mr, Phil Shucot 
Department.of Transportation 
Phoenix, AZ e.5007 

Mr. Norman S. Smith 
The Wildlife Society 
Tucson, AZ 85721 

Mr. Kenneth-E. Travous 
Arlzona State Parks 
Phoenix, f(Z. 85007 

Mr. Bill Werner 
Arizona Game and Fish Department 
Yuma, AZ. 85365 

Mr. Robert Yount 
'State Land Department 
Phoenix, AZ 85007 

California 

Sierra Club 
San FrMcloco, CA 94109 
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Mr. James A. St. Amant 
IT'he Desert Tortoise Council 
Long Beach, CA llOSC>5 

Ms. Linda M.:Ulland 
ESA Planning ,g 1EnYlronmen1aJ :Services 
San FranciSCQ, CA 941Q7 

Colorado 

Mr. Btad Beckham 
Department of HeaJth 
Denver, CO 80220 

Mr. Clalt E. Braun 
The Wildlife Society 
Fort Collins, CO 80526 

Mr. Roy Btubacher 
Department of EducaUon 
Donvor, CO 80203 

Mr. Dave Carlson 
Colorado Department of Agriculture 
Denver, CO 80203 

Ms, Pam Casa 
Department of Agriculture 
Lakewood, co 80225 

Mr. Bob Clevenger 
Department of Highways 
Denver, co 80= 

Mr, Robert DoSpaln 
Environmental Protection Agency 
Denver, CO 80202 

Ms. Kathy Dolan 
Department of Health WOCD 
Denver, CO 80220 

Mr. Paul Ferraro 
Department of Health 
Denver, CO 80220 

Ma, Maggie Fox 
Sierra Club 
Boulder, CO 80302 

Mr, Pl Hazle 
IDepartment of Health 
IDenver, CO 80220 

Ms, Ann 'Hodgson 
Department of Natural Resources 
Fort Collins, CO 80526 

M<. Ron Holliday 
[!)epartment of Natural Resources 
11Jenver, CO 80203 

Mr. Marne K. Jurgemeyer 
fort Morgan Museum 
l<ort Morgsn, CO 80701 

Mr. Darrell Knuffke 
Tha Wilderness Society 
Denver, CO 80206 

Mr. Dave Kuntz 
Department of Natural Resources 
Denver, ·CO ·so203 

Mr, Chuck Mattson 
1 •Department of Health 
· Denver, CO 80220 

Mr. Bill McDonald 
Department of Natural Resources 
Donvor, CO 80203 
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Mr. Jim McDonald 
Department of Natural Resources 
Denver, CO 80203 

Mr. Mike McHugh 
Department of Natural Resources 
Oanver, CO 80203 

Mr. Ray Mohr 
Departmont of HsaUh 
Oen..,er, CO 80::>.20 

Mr. Carl Mount 
06partn1ent of Natural Resources 
Denver, CO 80203 

Mr. Steve Norrl!l; 
Departrr1ent of Natural Resources 
Denvor, CO 80203 

Mr. Pat Ratliff 
Department of Lor.al Affairs 
Oenve;, CO 80~03 

Ms. l.aurle Rhodes 
Colorado Histor!ca! Soci(tty 
Donvor, CO £0203 

Mr. John Rold 
Department of Natural Resources 
Denver, CO 80203 

Mr. Dave Ruble 
Department of Highways 
Denver, CO 80222 

Mr. Jim Ruch 
Department of Natural Resources 
Fort Collins, CO 60525 

Ms. Joan Seeman 
Committee Against P.adiotoxic Pollution 
Fort Collins, CO 80526 

Mr. Dave She it on 
Colorado Department of Health 
Denver, CO 80220 

Mr. Ha.I Simpson 
Dapartment of Natural Resources 
Denver, CO 80203 

ti.1r. r..,,uoe Smith 
Department of Regulatory Agencies 
Denvar, CO 80203 

Ms. Sue H. Spencer 
Fort Morgan Heritage Foundation 
Forl Morgan, CO 80701 

Mr. Bill Sianton 
Colorado Department of Natural Resources 
Denver, CO 80203 

Mr. Robert F. Stowsrt 
Department of the Interior 
Oanv&r, CO 60225 

Ms. Barbara Sudler 
Colorado Historical Soci9ty 
Oenv~r, CO 80203 

Mr. Tom Tayon 
Department of Health 
DenvErr, CO 80220 

Mr. Robert TuroQI' 
National Audubon Society 
Boulder, CO &0303 

Dr. Leslie Wiidesen 
Colorado Histortoal Society 
Denver, CO 80203 

District of Columbia 

Mr. Bruce Blanchard 
Dep&rtment of the Interior 
Wachington, DC 20240 

Mr. Thomas F. 0.">r1nelly 
National W&ter Resources Association 
Washin9ton, DC 20024 

Envlronmontal Defense Fund, Inc 
Washington, DC 20006 

Friands of the Earth 
Washington, DC 20003 

National Pa.r~s Conservation Ast.ociation 
\.Vashington, UC 20007 

National Water Resources Associafion 
Wa.'!hlngton, DC 20024 

N:it;onal VJ'ildlife Federation 
Washlr19ton, DC 20036 

Nittional Ftesources Oefenso Council 
Washington, DC 20005 

Tho Naturo Consorvo.ncy 
Washington, DC 22209 

The \.'Vtldernass Soc~aty 
Washin9ton, DC 20005 

Mr. Brooka Yeager 
Sierra Club 
Washington, DC: 20003 

Georgia 

Dr. David E. Clapp 
Centet for En11ironmental Health 
Atlanta, GA 30333 

lllii;ois 

Mr. Oa'v'ld Antonacci 
lilir.ois Department of Public Health 
Sprlngfi~ld, IL 62761 

Mr. Gr2;<.)r:1 ·.,..;. f!;,isa 
llUnuhi ~i:.-t.rtrnnr'lt of Transportation 
Sprlngfieid, IL E'.:2764 

Mr. Richa.rd J. Cartsc:in 
Ulinais Enviror11nental Protection Agency 
Spiing11eld, IL 62706 

Mr. Osn Dees 
Illinois Department of Transportation 
Springfield, IL 62764 

t...'lr. Micha&I De'lina 
llliriols Histofio Pn!sarvation Agency 
Springfield, ll. 62701 

Mr. ltl•rl< Frech 
Illinois Dftpartmont of Conservation 
Springf;e1a, IL 62701 

P.1r. James R. 1-'.artwlg 
Illinois Department of Agriculture 
SprinQfield, IL 62'794 

Distribution 8-23 
Mr. John Henrlk::zen 
Illinois Department of Mines & f..~lnerals 
Springfield, IL 62706 

Mr. Theodore \V. Hiid 
nunols Historic Preservation Agency 
Springf;eld, IL 62701 

Ms. Suzanna Kircos 
U.S. Environmf-lntal Protection Agency 
Chicogo, IL llll604 

M~. Tauy R. lash 
Illinois Oepartn~en1 of Nuclear Safety 
Springfiald, IL &2704 

"11r. Rk~Mrd lut:i: 
llllnois ()('lp13.rtmant of Conservation 
Sprin~f1eld, IL 62706 

Mr. Thor.ia-,; G. McSwiggio 
Illinois Ei'\vironrnonial r..11otection Agency 
Springfilitld, IL 627G4 

r~r. Jamw~ B. Pc.irk 
U!iools Environrr:er.tal Protection Agency 
2200 Churchill f.1o&.ci 
Sprif'lgfi~ld, iL €2706 

Ms. Caro!yn E. P.attnnsperger 
Sierra Glut> 
Chioz.go, IL 60605 

Mr. Oa· ... id Scheil>elhun 
S!ena C1ub Great Lakes Chapter 
Lisi•, IL 60532 

Fv1r. Terry A Sweitzer 
Ulinois Envlromental Protection Agency 
Springfield, IL 62794 

Mr. Be mare! J. T urnock 
llllnois; Oepartrr1ent c1f Public Health 
535 Wost Jefferr.on, Floor 4 
Sprinwfiold, IL 6:2'16 t 

Mr. Larr>' A. V"errles 
Illinois DepDrtment of Agriculture 
Sprlngflold, IL 62794 

Mr. William L Wheelar 
Illinois Historic Freservation 
Springfield, IL 62701 

Mr. Gary Wright 
Illinois DepartmGnt of Nu cl ear Safety 
Springfield, IL 62704 

Michigan 

Mr. Dennis Adams 
Michigan Department c.f Natural ResourcPs 
Lansing, Ml 48009 

~k. Darrel Allen 
tJlichigan Departrne~t of Matural Resources 
L.ans!ng, Ml 46909 

Ms. Julan& Allen 
M!chigo.n Department of Naiural Resources 
Lansing, Ml 48909 

Mr. Jack Bails 
Michigan Oepart;nent of Natural Resources 
Lansing, Ml 48909 

Mr. Robert C. Bennett 
BurP.a1; cf Environmental and Occupational 
Health 
Kalamazoo, Ml 49002 

EIS Volume I Chapter 8 



De. f.Jie.\i.ha. M. Sigelow 
Michigan Bureau of History 
Lansing, Ml 48918 

Mr. Rayma L. Blli<kl 
Bureau of Environmental and Occupational 
Health 
Lansing, Ml 48909 

Mr. William Brown 
Bureau of Envfronniental and Occupational 
Health 
Lansing, Ml 48909 

Mr. Gaorge W. Bruchmann 
M;cti.ig,an Department ot Public Hestth 
L.nnsing, Ml 4£009 

Bureau of Effvlronmental and Occupational 
H1•alth 
Lansing, Ml 4B909 

Bureau o1 Environn1enw.I a.nd Occupational 
Health 
Kalamazoo, Ml 49'J02 

Mr. Herbert Burns. 
ll.~ichigan Department of Natural Resource<; 
Lansing, 1\.11 48909 

Mr. Jack Butterfiald 
Michigan Depa1~rnent of Natural R~!sources 
Lansing, Mi 48909 

Mr. Benedicto E. Cabrara 
Bureau of Environmel)ta\ and Occupational 
Health 
Ka!amaz.oo, fl,~\ 49002 

r.~r. Jame~ F. Camburn 
ArJrflal..! cf Envfr')nrna11!al and O::'cupational 
H•<lth 
Kalama.z()o, Ml 49()02 

Mr. John G .. Chi\iko$ 
Bureau of Envl1onn-1ei1-::~J ~nd 0Grupationaf 
Health 
Kalamazoo, Ml 4.9002 

P..1r. James Cleary 
Michigan Departm~nt of N'=.tl1ral R{'.5;.0ttrces 
Lansing, Ml 48009 

Mr. Cletus Courchalne 
Bureau at Environn1enta/ arid O::cupational 
Health 
Escanaba, Ml 4~829 

Mr, Robert L DeHaan 
Bureau o1 Environmental and Occupational 
Hfsa!th 
Pontiac, Ml 4S05:5 
Mr. Elden D. Dickinson 
Michigan Department of Public Health 
Lansing, Ml 48909 

Mr, Thomas M. Dykstra 
Bureau of Environmental and Occupationa! 
Health 
Pontiac, Ml 4a055 

Ms. Kathi"Jn 8, Eclc:ert 
Michigan Bufeau of History 
Lansing, Ml 48918 

Mr. John Erickson 
Bureau of Environmental and Oc::::upational 
Health 
Escanaba, Ml 49829 

r-.1r. Mlchs.el !e.rns·..:orth 
Burtia.u of Environmental and Q:;cupationo.1 
Health 
Lansing, Ml 48909 

Mr. Err,anuel Ferruzzi 
Bureau of Envfronn1antal and Occupational 
Heallh 
Wes~l~nd, Ml 48185 

Mr. Vvilliam Fulkea.:on 
Michigan Oepsnmont of NattHal Resources 
Lansing, Ml 48909 

Dr. Wa!lac.'* E. F1.1sl!ief 
W\l.ter Quality l!\<1estig3.~ors. 
De>:t0r, Ml 48130 

Mr. Mict1a$l Gabor 
BureatJ at Environmental and O.::cupatior-al 
Health 
L.an~lng, Ml 4890J 

Mr. F. R.-.ibmt Godbold 
Michigs.r1 Bur~au of Enviroro1ne111al Heauh 
Lansing, Ml 49909 

fvtr. Gary Guenther 
Michigan Qepactmen.t of Naluial Re;;oufce<;, 
Lansing, Ml 48909 

Mr. Robert Gurchlek 
Bureau of Environmental and Qccupatiooal 
Hi3o.!th 
Lansing, Ml 48909 

Mr. Gordon Gu~rer 
Michigan Oe~artment o1 Naturul R<:scurces 
Lansing, Ml 48909 

Mr. Danr.!s R. Hat1n 
Michigan Oepartn1e11t ol P~blic Hb;.tlth 
LAn~lng, Ml 43009 

ll.4r. Dennis Hall 
Michigan Department of Natural Re.>OlHCE':; 

Lansing, Ml 480C>9 

Mc. Jnmes H. Hanna 
B:Jreau of Environmental ~nd Occupi>.tion?I 
Hoalth 
Saginaw, Ml 46607 

Mr. Rollie Hs.fmas 
Michigan Qcipartment of Natural Resources 
Lansing, Ml 48909 

Mr. Patrick J. Harris 
Bureau of Envlronrr.~ntal and OccrJpstionPJ 
He•llh 
Kalamazoo, Ml 40002 

Mr. Marlon Hart 
Michigan Department at Natucal Fl.e:sources 
Lansing, Ml 48909 

Mr. Kenneth Hendrick 
Michigan Department of Natural 11esources 
Lansing, Ml 48909 

Ms.. Susan Henry 
MichlQan De~ment of Nstural Resources 
l.Anslng, Ml 46S09 

.Mr. Paul Hodges 
Bureau of Environme11tal and Occupa1ional 
Health 
l.Jlnoing, Ml 48909 

Mr. Cralg Hoeinschorr:~yer 
Albion Downtown 
Albion, Ml 4ll224 

Distribution 8-24 
Mi". Thorn a;; l-locgerh}1de 
Bureau of Environmental and Occupational 
Httalth 
Lansing, Ml 489D9 

fl.tr. Alan Hcwafd 
Michtia,an Departtno::r.t of Natura( l~~-0~1rces 
Lansing, Ml 4asog 

Mr. Oonald Inman 
Michigan Department of Natural Rer:ources 
Lansing, Ml 489C9 

Mr. L'lie E. Jagc.r 
Bureau of Env:fonrnent:1.I and Oc~t.1!.•&ti::.in:~i 
He3.hh 
Lansing, Ml 4$909 

Mr. Marvin Jchanoon 
BureafJ o~ Environrr:ent'3.l aPC O~~upa~ior.o.! 
Haaith 
Lansing, rvl! 4CS09 

Ms. Karen Ka.!inow~ld 
Bur9au of EnvironrnentH.I i;..nd Ooc.up.'!tionaJ 
He-:?lth 
Lansing, Ml 48909 

Mr. Oona.Id K•~3ch 
B:.ireo.u of Envfronr.1ental c.nd Oxup.;:tlon<i! 
~lealth 
Lansing, Ml 45909 

Mr. 'Mlllr..:r: Kel!sy 
Bureau of C:nviror;n1ental and Oc.cupetioi1al 
Health 
Lansing, Ml 4D£i09 

Mr. Mlchc..al Kovach 
Bureau of Envitonn·,r;>ntttl <;.nd O:::r.:up"!~iona\ 
H6alth 
Lansing, t~I 4B909 

Mr. Nathaniel Lake 
Mkhigan Dapartrrient of N;;.\wal Re»ou1,,t1s 
Lansing, Ml 46909 

Mr. Robert C. Len""lk'1 
Bureau of Envltoninental c:rnd Occupational 
Health 
Grand Rapids, Ml 49~·05 

~.Af. Jo~ph LO\lato 
B:ireau of EnvironmEintal ar.d Occ•Jpr.tional 
Health 
L.anslng, M! 4!'190"3 

N!r. Arthur O. L·.~nd 
Bureau ot Environr,1er1t::.! and Occc,p:>iion,11 
H:aalth 
Lansing, Ml 4G909 

Mr. Gr~g lyr.1an 
t.~ich\ga.;i Depart.n:or1t at Natu1ol Re~ources 
Lansing, r~11 48009 

Mr. John MacGregor 
Mlr..hlgan Oepa11mer,t of Natural Resources 
Lansing, Ml 489ll9 

Mr. V/Ullam Marks 
Michigan Department of N:s-twral Ri.:sour~es 
lenslng, t.lil 48909 

Mr. Thon12.s Martin 
Michigan Department of Natural Resources 
Lansing, f111 48909 

Mr. C. McConnell 
rvtichigan Department of N~tural ~sourc.es 
Lansing, Ml 48909 
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P.i1r. W. C. Mcintosh 
Bureau of Environmental and Occupational 
tltlalth 
Pontiac, rJ11 48055 

Ms. Barbara Mcleod 
Michigan Department of Natur&I Resourcas 
Lansing, Ml 4990G 

Mr. Allen t.tlercier 
Bureau of En..,·!ronmental and Occupational 
Health 
Lansing, Ml 48909 

Michigan Dep!lrtment of Commerce 
Lansing, fJll 48911 · 

Mr. Robert t..1iiler 
Michigan Oepa11ment of Natural Resources 
Lansing, Ml 48909 

Mr. ~illiam W. ,.,.,Iller 
Bureau of Environmental and Occupational 
Health 
Pontiac, Ml .if8055 

Mr. 03.vld W. fAinnaar 
1~1ichlgan Oepartm8nt of Public Health 
Lanoing, Ml 46909 

Mr. ~llichael tJoore 
f..-Uch!g~n Departrnont of Natural Resources 
LansinQ, ~-ti 48909 

~Ar. Mi.cha.el S. Mosh2r 
Bureau of Environrr1ental and Occupationa.I 
Ho•lth 
Kalamazoo, Ml 49002 

f...tr. Jack Novak 
Bureau of Environmental and Occupational 
Health 
Kalamazoo, Ml 49002 

Mr. ly11n C. 0·0onnell 
Bureau of Envlronmental and Oecupatlonal 
1-'.ealth 
Kalamazoo, Ml 49002 

,.Ar. fiank Opalka 
Michigan Oepli!rtmont of NaturD.I Resources 
lank!ng, Ml ~.asoo 

Or. N9il PenniogtQn 
Buroau of Environmental and Occupational 
He•lth 
lan•lng, Ml 48000 

Mr. Ally P. Peirlllwitz 
Bures:' of EnvlfcnrnentDI and Occupa~lonal 
Health 
W.arquotte, Ml 49855 

Mr. Stovo Philip 
Michigan Dapnrtmeot of Natural P.csouroes 
L&ns!ng, Ml 480C\J 

Mr. Cha.1~o E. P:cardy 
BurtJau of En•1irorimontal and Oc.cupailo~al 
Honlth 
G:and Pa.pkis, Ml 495.?!5 

f..1r. O.lb'l11 Aac!or 
~tlchlgnn Deportment of Natural P.es?urces 
LM•IOQ, Ml ~ 

Ms. Ma!'go L Schafer 
Bureau of Envhonmental .and Occupatlonal 
Health 
Kafama20-:>, Ml 40002 

Mr. 0. J. Scherschligt 
Michigan Department of Natural Resources 
Lansing, Ml 43009 

Mr. R. T. Segall 
Michigan Department of Natural Resources 
Lansing, Ml 48909 

Ma. Donna Stine 
Michigan Department of N&tural Resources 
Lansing, Ml 46909 

Mr. V.Ja.yne V•rspoo1 
Sureau of Environments/ and Occupational 
H•alth 
Lansing, Ml 48009 

Mr. Aint C. Watt 
Burea.u of Envlronmll!lntal a."ld Occupational 
Health 
Lansing, Ml 46909 

Mr. Mark \Veber 
Butoau of Environmental and Oocupat;onal 
Health 
Escanaba, Ml 49829 

Mr. Heni-y Websier 
Michigan Department of Natural Resources 
Lansing, Ml 48909 

Mr. Rudolph C. Zoller 
Buraau of Environmente.I and Occupational 
Hoa Ith 
Pontiac, Ml 40055 

Mr. Paul Zugger 
Michigan Department of Natural Resources 
LanBlng, Ml 48909 

North Carolina 

Mr. Chartgs B:outon 
Oepartma1'1t of Trsnsportalion 
Raleigh, NC 27611 

Mr. Dayne Brown 
Department of Human Resources 
Raiolgh, NC 27603 

Mr. C. V, B<uton 
North Qlrollna Department of 
Transportation 
Raleigh, NC 27611 

ro..1a. Barbara Church 
Department cf Transporta·Llon 
Rafslgh, NC 27611 

Mr. Jim Clark 
St\la The Water 
Durham, NC 27704 

Mr. Stovo Conrad 
Ospartment of Netural Resou1ces 
Raleigh, NC 27611 

r~. John Dorney 
~r>artmont of Natural Resources 
Raleigh, NC 27611 

Mr. Wifllam Flourney 
Oepartn)ent of Natural RGsources and 
Community Development 
Aolelgh, NC 27611 

Ms. Ranee Gledhlll·Eorly 
Department of Cultural P.osourees 
Ralolgh, NC 27611 

Distribution 8-25 
Mr. Jim Gre'3n:-.m 
Department of Transportation 
Ralr:lgh, NC .Z7611 

Mr. Russell Hageman 
Department of Natural P.esources and 
Commun!ty Development 
Raleigh, NC 27611 

Mr. Ed Johnson 
Department ot Transportation 
ReJelgh, NC 27611 

Mr. BUI ICenlaw 
Department of Transpor::ation 
Ral&lgh, NC 27611 

Mr. J. G. Layton 
Dapartm11nt of Human Piesources 
Ralolgh, NC 27611 

Mr. John F. Lentz 
National Wildlife Federation 
Ellerbe, NC 28338 

Mr. Kevin Moorhead 
Department of Natural Resources and 
Community Development 
Raleigh, NC 27611 

Mr. Barney O'Ouinn 
Department of Transportation 
P.alelgh, NC 27611 

Mr. Tom Padgett 
Departmont of Trancportatlon 
Raleigh, NC 27611 

JV#. Jarry Perkins 
Oapartment of Human Re&0urces 
Raleigh, NC 27611 

Or. O. O. Philon 
Department of Natural Re:;ources and 
Community Cevialopment · 
Ralolgh, NC 27611 

Dr. William S. Prk:e, Jr. 
Oepa."iment of Cultural Resources 
Raleigh, NC 27611 

Dr. Joffery R. Rold 
North Carolina Geological Survey 
RalelQh, NC 27611 

Mr. Gerry Rhodes 
~partment of Human Rs:sources 
Raleigh, NC 27611 

Mr. Davkl Sides 
Department of Natural Resources and 
Community Devolopment 
Roielgh, NC 27611 

Dr. Grog Smith 
Oopa.1ment of Human Resources 
Ralolgh, NC 27611 

Mr. John Sutherland 
O!partmant of Natural Resources and 
Community Davelopment 
Raleigh, NC 27611 

The t..Jaturia Conservancy 
Southeast Regional Office 
Ch•pel lilll, NC 27514 

Mr. LArry Warlloh 
Department of Netural Resources arid 
Community Development 
Ralolgh, NC 2761 1 
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Nebraska 

r,1r. James R. Taylor 
U.S. Arm;.• Corps of Engineers 
Omaha, NE 68101 

Na11ada 

Mr. Char!es R. Malone 
State of Nevada Agency for Nuclear 
Pfojects 
Carson City, NV 8971 O 

f\.~r. Fbb9rt Baker 
Tennessee Oepa11ment of Hea!tl1 and 
Envlronrnent 
Nashville, TN 37219 

Mr. N. E. Christianson 
Tennessee Depanrnent of Transportation 
Nashville, TN 37219 

Ms. Cammie Davenport 
Mid Cumberland Development District 
Nashville, TN 37204 

Mr. Evan Davis 
Tennessee Department of Health and 
Environment 
N•shvflle, TN 37219 

Mr. George Henson 
Tennessee Department of Health and 
Environment 
Nashville, TN 37219 

Mt. John Holfolt 
National Spttleofogical Society, Irie. 
Nash'lllle, TN 37209 

Mr. James K. Huhta 
Center for Historic Prese,·yation 
Murfreesboro, TN 37132 

Mr. Bill Hurst 
Tennessee Department of Agriculture 
Nashville, TN 37204 

Ms. Roberta Hylton 
Tenne&sae Department of Conservation 
Nashvlli., TN 37219 

Mr. Jody Landru111 
National Speleologlcai Soci~ty 
Nashville, TN 37209 

Mr. Roger Lemaster 
Tennessee Oepartrnent of Health & 
E:n.,,ironment 
Na&hvlUe, TN 37219 

Mr. Oaroy Mabry 
Otlpartment of Health and Environment 
Nashville, TN 37219 

Mr. Robert Jack Nolf 
Tennassee Chapter of th& sterra Club 
Nasliville, TN 37212 

Mr. Jemet Prlce 
Sierra Club 
Knoxvilie, TN 37939 

Mr. Bob Pyle 
Serraaub 
Chattanooga, TN 37412 

t"1r. Martin E. Rivers 
Tennesseia Valley Autf1ority, Environmental 
Qua\!ty Staff 
Knoxville, TN 37902 

Mr. Wayne K. Scharber 
1st Floor Te1ra 8lll1ding 
Nashville, TN 37219 

Mr. Dan Sherry 
Tennessee V/ildllfe Resources Agency 
Nashville, TN 37219 

Mr. Dori \"/aller 
Tennessee ::.'!apartment of Econornic and 
Communi1y Devolopment 
Nashville, TN 37219 

Mr •• JumAa Vv'ittlerspoon 
Soutt1 c.e:itral Tennessee Development 
District 
Columbia, TN 37402 

Texas 

Mr. Byron C. Blaschke 
Texas Oepamnent of Highways and Public 
T ransportatlon 
Ausdn, TX 76701 

Dr. James Bruseth 
Texas Historical C.On1missfon 
Austin, TX 78711 

Ms. Suzanne Cartor 
Texas Parks & Wildlife Commission 
Austin, TX 78744 

Mr. BUI Colbert 
Texas I/later Commission 
Austin, TX 78711 

Mr. Valcrls 0. Ewell, Jr. 
Ellis County Environmental RGvl:?w 
Committee 
Waxahachie, TX 75165 

Mr. John Hall 
General Land Office 
Austin, TX 78701 

Ms. Beth Johnson 
Sferra Club 
Dalla&, TX 75214 

Mt. Coyle Kelly 
Public Utility Con1mission Texas 
Austin, TX 78757 

Ms. Nancy K&nmo~su 
Texas Historical Comrnis~ion 
Austin, TX 78711 

Mr. John l.Aak"" 
Texas Railroad Com;nisslon 
Austin, TX 7S711 

Mr. Da\'id K Lacker 
Texu Department of Health 
Austin, TX 78758 

Mr. Larry McKinney 
Texas Parks Wildlife Commission 
Austin, TX 78744 

Mr. Dan McNan1ara 
Sierra Club 
Austin, TX 78767 

Dlstrib1Jtion f'·26 
Mr. C. K. 0!.1i'nars 
Toxas Railroad Con1mlss!on 
Austin, lX 78711 

fl.~r. Stephen N. Spaw 
Teit:as Air Control Board 
Austin, TX 78723 

Mr. Cu1tis Tunnell, SHPO 
Tex.as Historical Con1misslo:i 
Austin, TX 78711 

'\'. Landowners 
and/or 
Interested 
Persons 

A total of 1.'3,933 cooies of tr.e EIS 
docun1cnt ware serlt to landowners, 
industry, onvlronmental groups, academia, 
and individuals known to be interested in, 
or affacted by, the project 1n the region of 
each of the seven proposed .a:turnatlve 
sites. (P.:.Jferef!ce Table 8.1 indicating 
requests by each alternative site.) 

VI. Ne\vs l\1edia 
A total of 1,086 copies of the EIS doi.::ument 
were sent to the news medic; (including 
newspapers, radio, and televf~ion ztations) 
In the r8{)!on o~ each of th..;:1 ::even proposou 
11ltorn&tiv0 site!I.. {Rafe; ;irice T::·bl~?. ~ 
indicating req1a,,-::ts by E!CH;t: ~::'.?.r11:.>c!ve s;te.} 

A complete distribution list is av21.\lc\Die 
through the U.S. Departmor1t of En~rgy, 
Freedom of lnforn1atlon Room, 
'vVashfngton, DC 205-85. 

VII. Other 
District of Columbia 

League of Viomen Voters of U.S. 
Washington, LiC 21.1036 

Nati'Jn11I Ac:.idemv of Sci~r•r.:P.s 
Vvas!'lir.J1on, DC '204 i8 
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TABLE 8.1 

ENVIRONMENTAL IMPACT STATEMENT DISTRIBUTION MATRIX 

NORTH NON-BQL SUB 
CATEGORY ARIZONA COLORADO ILLINOIS MICHIGAN CAROLINA TENNESSEE TEXAS SITES TOTAL 

U.S. Senate 2 2 2 2 2 2 2 8 22 
U.S. House of 
Representatives 4 4 8 5 3 3 4 8 39 

Federal Agencies/ 
Departments 5 3 5 4 6 7 5 28 63 

Governors/ 
Proposers 1 1 1 1 2 1 2 0 9 

State Legislators 81 99 172 147 168 131 178 0 976 

State and Local 
Officials 16 38 78 81 30 43 46 9 341 

D.C. State Offices 1 1 2 1 2 1 1 0 9 

Native Americans 14 3 0 5 5 0 0 33 60 

Libraries/DOE 
Reading Rooms 2 2 6 2 3 3 2 1 21 

Environmental 
Groups 16 39 21 87 28 20 16 17 244 

Landowners and/or 
Interested Persons 269 229 7,864 1,653 1, 157 1,099 946 716 13,933 

News Media 113 67 223 143 124 99 310 7 1,086 

[!] Other 0 0 0 0 0 0 0 2 2 

~ TOTALS 524 488 8,382 2, 131 1,530 1,409 1,512 829 16,805 
Q. 0 
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AAHC 

ACGifl 

Ach 

ADEQ 

ADOT 

AE 

AEA 

AE/CM 

AIP 

AIRFA 

A LARA 

ALI 

ANL 

ANSI 

APHA 

ARPA 

ARRA 

ASTM 

AUI 

AZ DOT 

GLOS/336/88/1 

GLOSSARY 

Arizona Agricultural and Horticulture 
Commission. 

G··l 

American Conference of Governmental Industrial 
Hygienists. 

Air changes per hour. 

Arizona Department of Environmental Quality. 

Arizona Department of Transportation. 

Accessible Environment. 

Atomic Energy Act. 

Architect-Engineer/Construction Manager. 

Accelerator Improvement Projects. 

American Indian Religious Freedom Act of 1978. 

As Low As Reasonably Achievable. A DOE policy 
to minimize the exposure of workers to ionizing 
radiation as much as practical. This is in 
addition to keeping exposures below mandatory 
guidelines. 

Annual Limit of Intake. 

Argonne National Laboratory {Argonne, 
Illinois). 

American National Standards Institute. 

American Public Health Association. 

Archaeological Resources Protection Act of 
1979. 

Arizona Radiation Regulation Agency. 

American Society for Testing and Materials. 

Associated Universities Incorporated. 

Arizona State Department of Transportation. 
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Absolute Zero 

Absorbed Dose 

Absorber 

Absorption 

Accelerator 

Acreage 

Advection 

Alluvial Fan 

GLOS/336/88/2 

G-2 

A hypothetical temperature characterized by the 
complete absence of atomic vibration; 
equivalent to approximately -273.I60C or 
-459.690F. (see Centigrade, Fahrenheit) 

The energy imparted to matter by ionizing 
radiation per unit mass of irradiated material 
at the place of interest. The unit of absorbed 
dose is the rad. 

In electromagnetic systems, a material that 
absorbs or reduces the intensity of radiation. 

In electromagnetic systems, the physical 
process by which the number of particles or 
photons entering a body of matter is reduced or 
attenuated by interaction with the matter. In 
acoustics, the physical process by which the 
intensity of acoustic waves is reduced by 
interaction with reactive surfaces. The 
process by which noise reduction occurs when 
surface acoustic treatment is used, or when 
outdoor noise propagates over vegetation or 
certain ground features. 

An experimental physics device for imparting 
large kinetic energy to electrically charged 
atomic and subatomic particles such as 
electrons and protons. The path of the 
particles is controlled by magnetic fields 
while kinetic energy is typically imparted by 
radiowaves. If the particle path is linear, 
the device is called a Linear Accelerator or 
LINAC. If the particle path is circular or 
oval, the device is a cyclotron, 
synchrocyclotron, or synchrotron. The main 
collider ring of the SSC is a synchrotron 
(actually a variation of a synchrotron called a 
collider). The injector consists of a LINAC 
and three progressively larger synchrotrons 
(LEB, MEB, and HEB) that together will 
generate, accelerate, and inject protons into 
the main collider ring. 

An ~rea of land comprising a number of acres. 

The process by which a material (dissolved or 
suspended) in groundwater is transported by the 
bulk motion of the flowing groundwater. 

A fan-shaped deposit of alluvium made by a 
stream where it runs onto a level plain or 
meets a slower stream. 
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Alluvium 

Alpha Particle 

Ammonide 

Ammonite 

Anadromous 

Anci 11 ary 

Anhydrite 

Annunciator 

Antiparticle 

Aquic 

Aquiclude 

Aquifer 

Aquitard 

Archaeology 

GLOS/336/88/3 

General term for all detrital sediments 
deposited as a result of the operation of 
modern rivers. 

G-3 

A particle consisting of two protons and two . 
neutrons {equivalent to the nucleus of a helium 
atom) that is emitted from the nucleus of a 
radionuclide during radioactive decay. 

An inclusive term for ammonites and related 
species. 

An extinct animal found as a fossil. Ammonites 
looked like an octopus or squid inside a 
straight or curved conical shell. 
Specifically, a large group of extinct mollusks 
related to the living chambered nautilus. 

Referring to animals that return to their 
birthplace for breeding. Most commonly used in 
connection with the migration of salmon and 
some.species of trout that return up river to 
the same small stretch of stream or creek. 

Subordinate, auxiliary. 

The mineral anhydrous calcium sulfate, CaS04, 
commonly found in evaporites. 

An electrically controlled signal board or 
indicator. 

A particle that is identical to an ordinary 
particle except for having certain opposite 
elementary properties, such as electric charge. 

Of or pertaining to water. 

Saturated geologic unit that is incapable of 
transmitting significant quantities of water 
under ordinary hydraulic gradients. 

A saturated, permeable geologic unit that can 
transmit significant {usable) quantities of 
water under ordinary hydraulic gradients. 

Less-permeable beds in a stratigraphic sequence 
{relative to the aquifer). 

The science investigating past human life and 
activities based on the study of material 
remains {fossils, relics, artifacts, 
monuments). 
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Archival 

Aridic 

Artificial 
Radioactivity 

G-4 

·Re1·ating to the preservation of records and 
dt>cuments, or constit'uti'ng the pl ace where the 
material is preserved. 

Of or pertai·ni'ng to the lack of moisture. 

Radioacti-vity ·exh'i'bited by man-made 
-radi·onucH'lies produced as the result of 
particle bombardment or electromagnetic 
i-rradiation ·of a material; as opposed to 
natural radioactivity. ·{see Radioactive Decay, 
Radioactivity) 

Atmosphere (of ·pres·sure) fhe ,pres·s·ure ·exerted 'by the atmosphere under 
s'tanda-rd -condHions. Equi-valent to 14.66 
l·b/;1nc!liZ. 

Atom The smallest unit of a chemical element that 
'has the o'hem1cal ar:tll phys~-cal characteristics 
of tihe -element. At-oms -consist of a central 
nu-c11eus surrounded by orb,tal electrons. 
Prot·ons and neutrons are -found in the nucleus. 
The nucll't!us i-s lhe1d 'llagether by the strong 
force; the atom is held together by 

Atomic Number 

Atomic Weight 

Attenuation 

BEA 

GLOS/336µ!8/4 

el ectromagnetij c f.orce. {!lee Electromagnet i-c 
Force, Ion, Isotope, Neutron, Nucleon, Nucleus, 
11'.f'Ot.on} 

The number of protons in the nucleus of an 
atom. 

The average relative weight of the atom of an 
-ehiment ri!fen>ed to an arbitrary standard. ~A 
v.alue •f 1~ .. 1>$9 iis '115-ed fur the atomic weight 
•ef oxygen.} 

In e~iect•romagnetii·c s-ystoems, the process by 
which a beam of radiation is reduced in 
i•ntensH;y_ When :passl·R!J through some materi a~. 
11; h a coniMflation of -albsorption and 
S1Catttenng ip1roce·ssies a11~ leads to a decrease in 
flux density of the beam when projected through 
matter. I·n aco11Stks, 1t is the reduction in 
wui:rd level th:at resu~ 11;-s f.rom the conversion of 
.at:wst i'C e:11errgy to llteat energy through 
interaction of the particles of the conducting 
medii um. (s<ee ~rptioo) 

Bureau of Economic Analysis (of the United 
:States ®ep.artment rQf :commerce}. 



BEIR 

BLM 

BLS 

BNL 

BQL 

Background Radiation 

Basalt 

G-5 

Biological Effects of Ionizing Radiation. 

Bureau of Land Management (of the United States 
Department of Interior). 

Bureau of Labor Statistics (of the United 
States Department of Labor). 

Brookhaven National Laboratory (Upton, New 
York). 

Best Qualified List; one of the seven site 
alternatives considered for location of the SSC 
by DOE. 

Naturally occurring radiation due primarily to 
cosmic rays and natural radioactivity. 

A dark grey to black, fine-grained igneous rock 
composed primarily of calcium feldspar and 
pyroxene, with or without olivine. 

Beam A unidirectional or approximately 
unidirectional flow of electromagnetic 
radiation or particles. 

Bedrock Any solid rock exposed at the surface of the 
earth or overlain by unconsolidated material. 

Bel The logarithmic expression of the magnitude of 
sound pressure, sound power, or sound intensity 
relative to a reference quantity. Loudness is 
related to the sound level in decibels but is 
not expressed in decibels. The loudness units, 
"sones" or "phons," are not used in this 
document. 

Berm A narrow shelf, path, or ledge typically at the 
top or bottom of a slope; al so a mound or wall 
of earth. 

Beta Particle An electron emitted from the nucleus of a 
radionuclide during radioactive decay. 

Betatron An accelerator in which electrons (beta 
particles) are accelerated. (see Accelerator, 
Beta Particle) 

Bicarbonate The negatively charged ion HC03. 

Biomass The total mass or amount of living organisms in 
a particular area or volume. 
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Biota 

Bivalve 

Bog 

Borehole 

Bosons 

Brachiopod 

Brecciated 

oc 

CAAC 

CAP 

CAT 

CBT 

CDF 

COG 

COOT 

CDR 
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The flora and f.auna of a region. 

Referring to an ani'lllal with a two-part shell, 
such as a -cl am. 

:A swamp; a wet spong;Y moraS'S, composed chiefly 
of decayi-ng vegetta:ble matter or peat. A common 
term used in Scotland and Ireland. 

A hole bored or drilled in the earth. 

Ou,rrent theory propases that fundamental forces 
(·st,rang force, electromagnetic force, weak 
force, gravitation} a·re carded or mediated by 
particles called bosons. There are currently 
postulated to be ei<!iht ibosans of the strong 
force, whi·ch are -called gluons; a single boson 
of the electromagnetic force, called a photon; 
three bosons of tlhe weaik force, called w+, w-, 
and z:o 'bos:ons; and a s i11gle boson of 
gravitatiun called a graviton. 

Ma·riTle., shelled animals in the phylum 
·Brachi·opoda. The animals 'have two unequal 
shells '(<bivalves) tiflat are ·normally bilaterally 
symmetrical. Many species have a superficial 
·resemblance to cTams, whkh are members of the 
·phyl'tlm Mi>HuS'Ca. 'Brachi·apods are common 
fossils found in marine sediments. 

Material ·compo'S'ed ·of ihi·ghly angular coarse 
fragment·s. 

Degrees 10e1sius. (see ·Centigrade} 

Clean Air Act Codes. {computer codes} 

Oentra 1 Arizona froject. 

Computer Aided Tomography. 

tolorado - 'Big Thumpsun 'Project. 

Collider Detector Facility (located at 
'Ferritil"ab} . 

Central Design •Group - the technical group 
responsible for the current SSC program. 

Colorado Department of Transportation. 

Conceptual 1Besign Report for the SSC published 
in 1986. 
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CEBAF 

CEQ 

CERCLA 

CERN 

CFR 

CGS 

COE 

COG 

CRCPD 

CRM 

Calcareous 

Caliper 

Calorimeter 
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Continuous Electron Beam Accelerator Facility 
{LINAC located in Newport News, V·irginia). 

Council on Environmental Quality. 

The Comprehensive Environmental Response, 
Compensation, and Liability Act, commonly 
referred to as "Superfund." CERCLA gives the 
Fed8ral government power to respond to releases 
or threatened releases of hazardous substances 
that present a danger to human health and the 
environment. CERCLA established a Hazardous 
Substance Trust Fund (Superfund), available to 
finance responses taken by the Federal 
government instead of waiting to resolve 

· queJtions of legal responsibility. 

Centre Europeenne Pour La Recherche Nucleaire 
(Now called the "Organisation Europeenne Pour 
La Recherche Nucleaire"). The European 
Organization for Nuclear Research located in 
Geneva, Switzerland. 

Code of Federal Regulations. A publication of 
the Federal government that contains the rules 
and regulations established by all Federal 
Agencies for regulating their areas of 
responsibility. Essentially the details of 
what is required to comply with the laws passed 
by Congress as interpreted by the Federal 
Agencies. 

Colorado Geolog~cal Survey. 

United States Army Corps of Engineers. 

Council of Government. 

Conference of Radiation Control Program 
Directors. 

Cultural Resource Management. 

Containing cafcium carbonate (CaC03). 

A measuring instrument with two legs or jaws 
that can be adjusted to determine thickness, 
diameter, or distance between two surfaces or 
points. 

Any of several apparatuses for measuring 
thermodynamic properties of materials. In high 
energy physics, a detection device for trapping 
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Carcinogen 

Catchment 

Celsius 

Cenozoic 

Centerline 

Centigrade 

CGS System 

Chalcedony 

Chalk 

Chert 

Clays tone 

Cohort 

GLOS/336/BB/8 

and measuring the energies of all particles 
emerging from. particle collisions. 

G·B 

A substance or agent that can produce or incite 
cancer. 

Something that catches water, or the amount of 
water caught. 

The unit of temperature in the Centigrade scale 
of temperature measurement. (see Centigrade) 

The era in the history of the earth from the 
extinction of the dinosaurs to the present. 
Often ca 11 ed the "age of the mammals," the era 
is estimated to be from approximately 65 
million years ago to and including the present. 

A line equidistant from the surface or sides of 
something. 

The thermometric scale in the metric system in 
which the interval between the freezing point 
and the boiling point of ~iater, under standard 
atmospheric pressure, is divided into 100 units 
defined as degrees Ce 1 s i us (abbr. oc) . The 
freezing point of woter is defined as ooc, and 
the boiling point of water as 10ooc. 

Centimeter-Gram-Second System. A system of 
units based on the centimeter as the unit of 
length, the gram as the unit of mass, and the 
mean solar second as the unit of time. A 
subset of the metric system. (see Metric 
System) 

A translucent quartz mineral that is commonly 
pale blue or grey with nearly waxlike luster. 

A very soft, unindurated (11ncemented} 1 imestone 
often containing the hard parts of 
microorganisms. 

A variety of quartz. 

An indurated (cemented) clay. (see Shale) 

A group of individuals in a demographic study 
having a statistical factor in common (such as 
age or class membership). 
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Collider A shortening of "Colliding Beam Storage Ring 
Synchrotron." A type of synchrotron in which 
two beams of particles orbit in opposite 
directions in concentric rings. The beams can 
be accelerated and stored independently until 
brought together. The SSC is a collider. 

Collimator A device used to "purify" a particle beam by 
absorbing off-axis particles. 

Collision An encounter between two subatomic energetic 
particles. 

Compound A chemical substance composed of two or more 
elements. Compounds have different chemical 
and physical properties than the individual 
elements. The basic unit of a compound is the 
molecule. 

Conductivity The quality or property of a material to 
transmit electricity. The reciprocal of 
electrical resistivity. 

Confined Aquifer An aquifer that is confined between two 
confining strata, i.e., aquitards or 
aqui cl udes. 

Conglomerate A cemented rock containing rounded pebbles and 
gravel. 

Conventional Facilities The normal buildings, structures,. and utilities 
required to house and/or support the technical 
components of the SSC. (see Technical 
Components) 

Cooldown The time-period required to bring· 
superconducting magnets from room temperature 
to their operating temperature. 

Cooling Tower A heat exchange device designed to transfer 
heat from a process to the atmosphere, either 
directly or through the use cf an intermediate 
flu·id. Alternative cooling methods transfer 
heat to bodies of water. 

Cosmic Rays Particles that bombard the earth from outer 
space. Cosmic rays are predominantly protons 
and electrons, but include, to a lesser degree, 
atomic nuclei of elements with atomic weights 
greater than hydrogen. 
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Craton 

Cretaceous 

Crinoid 

Cryogenic 

Cryostat 

Crystalline 

C'lmulative 

Cut-and-Cover 

Cyclotron 

dB 

DEIS 

DESY 

DO 

DOD 
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A relatively stable, immobile part of the 
earth's crust, generally of large 3ize; a very 
large pluton or merged gronp of plutons. 

The last period in the Mesozoic Era ·in the 
history of the earth, estimated to h;ive 
occurred from approximately MO to 65 mil 1 ion 
years ago. The period is characterized by the 
culmination of the dinosaurs. At the end of 
the Cretaceous, the dinosaurs became extinct. 

A group of marine i n11ertebrates that 1 ook 
somewhat 1 i ke a flower. Part of the phylum 
Echinoderma, a large group of marine worms. 

Of or relating to the production of very low 
temperatures; in particular, temperatures 
approaching absolute zero. 

An apparatus for maintaining a constant low 
temperature; especially temperatures 
approaching a.bsol ute zero. 

Of or pertaining to the nature of a crystal. 

Summing of data or values of a random variable. 

A construction technique where a cut trench is 
first excavated. After installation of 
components in the trench, the trench is then 
backffl led with the previously excavated 
material. 

An early accelerator design that used both a 
fixed magnetic field and fixed radiofrequency 
to accelerate charged particles in a spiral 
path. (See Accelerator, Relativistic Mass 
Increase, Synchrocyclotron.) 

Decibel. 

Draft Environmental Impact Statement. 

Deutsches Electronen-Synchrotron. German 
Organization for Nuclear Re3earch located in 
Hamburg, West Germany. 

Dissolved Oxygen. Refers to the amount of 
oxygen dissolved in water. 

United States Department of Defense. 
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DOE 

DOT 

DPF 

DRCOG 

Daughter 

Debris 

Decay Series 

Decibel 

Deciduous 

Degrees F 

Demographics 

Dendritic 

Detrital 

Dewpoint 

Diabase 

Diorite 
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United States Department of Energy . 

United States Department of Transportation. 

Division of Particles and Fields (of the 
American Physical Society}. 

Denver Regional Council of Governments. 

G-11 

In radioactive decay, the nuclide produced as 
the result of the decay; in high-energy · 
physics, the nuclide or subatomic particle 
produced as the result of an interaction 
(collision}. 

The remains of something broken down or 
destroyed. 

The parent and all daughter radionuclides to 
the stable daughter product. 

One-tenth of a bel; a measure of the magnitude 
of sound pressure, sound power, or sound 
intensity. (see Bel} 

Referring to plants that lose leaves 
seasonally. Most commonly used in connection 
with trees that lose their leaves in specific 
seasons, such as autumn, or dry seasons. 

Degrees Fahrenheit. (see Fahrenheit). 

The study of the dynamic balance of a 
population, especially with regard to density 
and capacity for expansion or decline. 

An irregular branching pattern resembling a 
shrub or tree. 

Referring to material derived from the erosion 
of preexisting rocks. 

The temperature at which vapor begins to 
condense. 

A variety of basaltic rock. 

An igneous, plutonic rock composed essentially 
of sodium-rich feldspar and hornblende, the 
mica biotite, or pyroxene. 
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Dipole 

Dispersion 

Dolomite 

Dose Equivalent 

Dose Rate 

Dosimetry 

Drift 

EDI 

EIS 

E&M 

EMCS 

EPA 

EPRI 
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In electromagnetic systems, a pair of equal and 
opposite electrical charges or magnetic poles 
of opposite sign separated by a small distance. 
In acoustics, a radiating body that has a 
specific phase relationship between two 
vibrating points. In accelerators, dipole 
magnets are used to bend beams of particles 
(similar to the way a prism bends light beams). 

The process by which a material (dissolved or 
suspended) in water spreads during transport by 
the bulk motion of the flowing water. Results 
in the dilution of the material over a larger 
volume. 

A calcium-magnesium carbonate mineral with the 
composition CaMg(C03)2. Also a term applied to 
those sedimentary rocks that approximate the 
composition of the mineral. 

A quantity used in radiation protection. It 
expresses all radiations on a common scale for 
calculating the effective absorbed dose. It is 
defined as the product of the absorbed dose in 
rads and certain modifying factors. The unit 
of dose equivalent is the rem. 

The radiation dose delivered per unit of time. 

The theory and application of the principles 
and techniques involved in measuring and 
recording radiation doses. A practical aspect 
is concerned with the use of various types of 
radiation instruments with which measurements 
are made. 

Rock material transported by a glacier and 
deposited by or from the ice or by or in water 
derived from the melting of the ice. 

Engineering, Design, and Inspection 

Environmental Impact Statement 

Electrical and Mechanical 

Energy Management and Control Systems 

United States Environmental Protection Agency 

Electric Power Research Institute 
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ER 

ESD 

EXACT 

Ecosystem 

Ecotype 

Electromagnetic Force 

Electron 

Electron Volt 

Element 

Elementary Particle 
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Office of Energy Research (of the United States 
Department of Energy) 

Elementary School District 

Computer code for the general analytical 
solution of the one-dimensional solute 
transport equation for zero-order production 
and first-order decay. 

The complex of a plant or animal community and 
its environment, functioning as an ecological 
unit in nature. 

An association of plant and animal communities 
interacting within a specific spatial area, and 
adapted to the physical chemical conditions of 
that area. 

A long-range force associated with electric and 
magnetic properties of particles. Current 
theory proposes that the electromagnetic force 
is carried by a boson called a photon. 

An elementary atomic particle having a mass of 
9 x lo-28 grams and a negative unit charge. 
The electron is classed as a lepton and has 
1/1836 the mass of a proton. 

A unit of energy commonly used in pnrticle 
physics, equal to the energy gained by an 
electron that is accelerated through a 
potential difference of one volt. It is used 
to express either the energy or the mass of the 
particle (in accord with the theory of 
relativity, which relates mass to energy by 
Einstein's famous equation, E = mc2, where Eis 
the energy of the particle, m is the mass of 
the particle, and c is the speed of light). 
Larger multiples of the basic unit are 
frequently referred to: keV for thousand or 
kilo electron volts, MeV for million or mega 
electron volts, GeV for billion electron volts, 
TeV for trillion electron volts. 

Chemical substance that consist of atoms of one 
kind; a substance all of whose atoms have the 
same atomic number. 

A subatomic particle that has no apparent 
substructure, i.e., that cannot be subdivided 
into other particles. 
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Encroachment 

Endangered Species 

Endemic 

End Moraine 

English System 

Eolian 

Ephemeral 

Epiclastic 

Epoch 

Era 

Erosion 

Esker 

Eustatic 

Eutrophic 

Evaporite 
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Advanced beyond the usual or proper limits. 

Any species that is in danger of extinction 
throughout all or a significant portion of its 
range. 

Restricted or unique to a locality or region. 

A moraine formed at the front end of a glacier. 

The system of measurement based on the foot as 
a unit of length, the pound as a unit of 
weight, and the gallon as a unit of volume. 
The system commonly in use in the United States 
of America. 

Applied to the erosive action of the wind and 
the deposits that are due to the transporting 
action of the wind (e.g., sand dunes). 

Lasting only a few days. An ephemeral stream 
is one that has flowing water present only 
immediately after a rain. 

Textural term applied to deposited sediments 
consisting of weathered, rounded detrital 
material. (As opposed to brecciated.) 

In geology, a division of geologic time; a 
subdivision of the period. 

In geology, the highest-order division of 
geologic time. The eras now generally 
recognized are the Precambrian, Paleozoic, 
Mesozoic, and Cenozoic. 

The action or process of being worn away. 

Serpentine ridges of gravel and sand taken to 
mark channels in glaciers through which streams 
washed finer material, leaving the coarser 
gravel. 

Of or pertaining to worldwide sea level. 

Generally used in reference to a shallow body 
of water, rich in dissolved nutrients, that has 
good primary production of vegetation. 

A sedimentary rock deposited from aqueous 
solution as a result of extensive or total 
evaporation of the water. 
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Evapotranspiration 

Expenditure 

FAA 

FEIS 

FEMA 

FHBM 

FHLB 

Fl1\~A 

FIRM 

FLPMA 

FM 

rNAl 

f.o.b. 

FPPA 

FR 

FTE 

FY 

Fahrenheit 
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G-15 

Loss of water from the soil both by evaporation 
and by transpiration from plants growing in the 
soil. 

The act or process of paying out. 

Federal Aviation Administration. 

Final Environmental Impact Statement. 

Federal Emergency Management Agency. 

Flood Hazard Boundary Map. 

Federal Home Loan Bank. 

Federal Highway Administration. 

Flood Insurance Rate Map. 

Federal Land Policy and Management Act (of 
1976). 

Factory Mutual (Approval Guide). 

Fermi National Accelerator Laboratory 
(Fermilab, located in Batavia, Illinois). 

Free on board. 

Farmland Protection Policy Act. 

Federal Register. A document published daily 
that summarizes the actions of Congress and 
proposed actions of Federal Agencies. 

Full-Time Equivalent. 

Fiscal Year. 

The thermometric scale in the English system in 
which the unit of measure is defined as degrees 
Fahrenheit (abbr. Of). Under standard 
atmospheric pressure, the boiling point of 
water is at 212 degrees above the zero of the 
scale, and the freezing point of water is at 32 

. degrees above the zero of the scale. The zero 
point approximates the temperature produced by 
mixing equal quantities by weight of snow and 
common salt. At the time the scale was 
developed, this was the l011est temperature 
obtained. 
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Fanglomerate 

Farmland of Statewide 
Importance 

Fauna 

Fee Simple 

Feldspar 

Fen 

Feral 

Floodplain 

Flora 

Forbs 

Friable 

Fungal Spores 

GeV 

GNP 
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A rock formed by the cementing of deposited 
material in an alluvial fan. 

G-16 

Land, in addition to prime and unique farmland, 
that is of statewide importance for the 
production of food, feed, fiber, forage, and 
oil-seed crops. Criteria for defining and 
delineating this land are determined by 
appropriate state agencies. 

The animal species characteristic of a region, 
time pEeriod, or special environment. 

A real estate transaction in which the 
purchaser receives the property without any 
limitations or restrictions. 

A common rock-forming, aluminum-Silicate 
mineral. Three end members occur: calcium rich 
(anorthite), sodium rich (albite), and 
potassium rich (microcline or orthoclase, 
depending on the structure). However, any 
composition between the calcium-rich and 
sodium-rich members and the sodium-rich and 
potassium-rich members can be found. The 
actual chemi ca 1 composition found in a rock an 
indicates how the rock was formed and is used 
to classify it. 

Swamp; low land covered wholly or partly with 
water. 

Wild; not domesticated or cultivated. 

That portion of a river valley that becomes 
covered with water when the river overflows its 
banks at flood stage. 

The plant species characteristic of a region, 
time period, or special er.'.'ironment. 

Herbaceous plants that are not grass. 

Easily crumbled (indicating the material is 
poorly cemented). 

A primitive reproductive body produced by 
fungus. 

Billion electron Volts. 

Gross National Product. 
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GPE 

GPO 

GPP 

Gamma Rays 

Gastropods 

Gauss 

Geodetic 

Geology 

Geomorpho"logy 

Glacial 

Granite 

Gravitation 

Gypsum 

HEB 

HEl'i\P 
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General Purpose Equipment. 

United States Government Printing Office. 

General Purpose Plant (construction) 

Electromagnetic radiation whose wave lengths 
are shorter than those of X-rays, and hence are 
of higher energy. 

Snails; specifically, a class of the phylum 
Mollusca, which includes snails. 

The unit for magnetic field strength in the cgs 
system. The strength of the Earth's magnetic 
field at the land surface at the latitudes of 
the U.S. is approximately 1/2 gauss. 

Related to the precise measurement of position 
on the surface of the earth. 

The science that studies the earth, the rocks 
of which it is composed, and the changes that 
it has undergone or is undergoing. 

A branch of both physiography and geology that 
deals witlt the surficial form of the earth, the 
general configuration of its surface, and the 
changes that take place in the evolution of 
landforms. 

Pertaining to, characteristic of, produced by, 
deposited by, or derived from a glacier. 

A light colored plutonic rock consisting 
essentially of sodium and/or potassium feldspar 
and quartz. 

The weak but long range force that affects all 
matter but is manifested only in macroscopic 
objects. The force manifested by acceleration 
toward each other cf two bodies. The force of 
gravity. 

A hydrated calcium sulfate mineral with the 
composition CaS04·H20. 

High Energy Booster {one of the synchrotrons in 
the injector of the SSC). 

High Energy Physics Advisory Panel. This panel 
reviews U.S. high energy programs and makes 
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recommendations to the DOE on matters of high 
energy physics po-iicy. 

HERA Hadron Electron Ring Accelerator (at DESY). 

HTM Hazardous and Toxic Materials. 

HUD United States Department of Housi~g and Urban 
Deve 1 opment. 

HVAC Heating, Ventilating, and Air Conditioning. 

flW Hardware. 

Habitat Where a species lives. 

Hadron Subatomic particles that are composed of quarks 
and are affected by the strong force. Protons 
and neutrons are classified as hadrons. 

Herbivore A plant-eating animal. 

Herpetofauna Reptiles. 

Ho 1 ocene The most recent epoch in the Quaternary Period 
in the history of the earth, estimated to be 
from approximately 11,000 years ago to and 
including the present time. The epoch is 
characterized as the time since the end of the 
last continental glaciation and the presence of 
continental glaciers and ice sheets. 

Hornblende A mineral; generally rod shaped and dark in 
color. 

Hydraulic Conductivity A measure of how fast water will flow through a 
rock. Defined as the volume of water that wi 11 
move in a unit time under a unit hydraulic 
gradient through a unit area measured at right 
angles to the direction of flow. The hydraulic 
conductivity is a basic property of the rock. 
The "transrnissivity" is a derived property of 
an aquifer tha.t depends both on the hydraulic 
conductivity and the thickness of the aqt1ifer. 

Hydraulic Gradient The slope of the water table. 

Hydric Relating to or containing hydrogen. 

Hydrology The branch of ·earth science dealing with the 
properties, distribution, and circulation of 
\oiater primarily on the land surface, in the 
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ICFA 

ICRP 

IDOC 

IOOT 

IEEE 

IFWIS 

INEL 

ISC 

I SC ST 

ISGS 

ISP 

ISQ 

ISR 

ISWS 

Igneous 

Important Farmland 

Indurated 

Infrastructure 
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soil, and in the underlying rocks. Also a 
branch of engineering that studies the flow of 
fluids. 

International Committee on Future Accelerators. 

International Commission on Radiological 
Protection. 

Illinois Department of Conservation. 

Illinois Department of Transportation. 

Institute of Electrical & Electronics 
Engineers. 

Illinois Fish and Wildlife Information System. 

Idaho National Engineering Laboratory (Idaho 
Falls, Idaho). 

Industry Supplied Components. 

Industrial Source Complex Short Term. 

Illinois State Geological Survey. 

Invitation for Site Proposals. A DOE document 
requesting states to submit proposals for the 
siting of the SSC project. Issued April, 1987. 

Intrinsic Soil Quality. 

Intersecting Storage Rings, specifically the 
CERN storage rings. 

Illinois State Water Survey. 

Referring to a rock formed from the 
solidificatiion of molten or partly molten 
material (magma), in contrast to sedimentary 
rock. 

Farmland classified as prime farmland, unique 
farmland, and additional farmland of statewide 
importance. 

A rock rendered hard due to heat, pressure, 
and/or cementation. 

The basic facilities, equipment, and 
installations supporting the function of a 
system. 
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In-migrate 

Interface 

Invertebrate 

Ion 

Ionization 

Ionizing Radiation 

Isotope 

Javelina 

K 

keV 

Kame 

Karst 
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To move into or come to live in a region or 
community; especially as part of a large-scale 
and continuing movement of population. 

To serve as the place at which independent 
systems meet and act on or communicate with 
each other. 

Of or relating to animals lacking a backbone 
(spinal column). 

An atom or molecule having an electric charge. 
The charge can be positive or negative. (see 
Ionization) 

The process of creating ions by adding or 
removing one or more electrons from atoms or 
molecules. (Ionization can be caused by high 
temperatures, electrical discharges, or 
radiation.) 

Radiation with sufficient energy to produce 
ions in a material. 

Atoms (of the same element) having the 
identical number of protons in the nucleus, but 
a different number of neutrons. Isotopes have 
the same atomic number, but different atomic 
weight. Because of the slight difference in 
atomic weight, isotopes have slightly different 
chemical and physical properties. Different 
isotopes of the same element may exhibit 
significantly different radioactive behavior. 

A species of wild pig found in the desert 
southwest. 

Degrees Kelvin. (see Kelvin) 

Kilo Electron Volts (1,000 electron volts). 

A low, step-sided conical hill of stratified 
gravel or sand formed in contact with glacier 
ice. 

A type of topography formed over limestone, 
dolomite, or gypsum rocks by dissolution of the 
rock by the percolation of rain water and/or 
the movement of groundwater. The terrain is 
characterized by closed depressions or 
sinkholes, caves, and underground drainage. 
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Kelvin 

Kettle 

Kinetic Energy 

Klaxon 

Klystron 

Kyanite 

LANL 

LBL 

LCC 

Ldn 

LEB 
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The thermometric scale on which the unit of 
measurement, defined as degrees Kelvin (abbr. 
K) equals the centigrade degree and according 
to which absolute zero is ooK, the equivalent 
of -273.160C. 

A depression in glacial drift made by the 
melting of a detached mass of glacier ice. The 
ice may have been either wholly or partly 
buried in the drift. 

The energy associated with the motion of any 
object. 

An electronically operated horn or warning 
signal. 

An electron tube in which bunching of electrons 
i's produced by electric fields; used for 
generating and amplifying ultra high frequency 
electric currents. 

An aluminum-silicate mineral; a group of three 
aluminum-silicates with the same chemical 
composition but different structures. 
Occurring in metamorphic rocks, they are used 
to indicate the degree of metamorphism. 

Los Alamos National Laboratory (located in Los 
Alamos, New Mexico). 

Lawrence Berkeley Laboratory (1 ocated in 
Berkeley, California). 

Life Cycle Cost. 

Day/Night Equivalent Sound Level; a 
single-number measure which expresses the 
magnitude of sound as a level obtained by 
averaging the energy equivalent of the 
A-weighted sound levels representative of 
specific area over a 24-hour period. Levels 
occurring after 10:00 p.m. and before 7:00 a.m. 
are weighted by adding 10 dB to account for 
increased human sensitivity to sound during 
normal sleeping hours. The value is expressed 
in dB (optionally in dBA). (After US EPA, 
1971) 

Low Energy Booster (one of the synchrotrons in 
the injector for the SSC). 
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LEP 

LET 

LHC 

LINAC 

LLD 

LUil 

LLRW 

LLWF 

LOS 

LSA 

Labor-hour 

Lacustrine 

Leachate 

Lent ic 

Lepton 
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Large Electron-Positron Coll ider (under 
construction at CERN). 

Linear Energy Transfer. 

G-22 

Large Hadron Collider. A collider proposed by 
CERN which would utilize the tunnel being built 
for LEP. 

Linear Accelerator. (see Linear Accelerator) 

lower Limit of Detect ion. 

Lawrence Livermore National Laboratory (located 
in Livermore; California). 

Low-Level Radioactive Waste. 

Low-Level (radioactive) Waste Facility. 

Level of Service (the ratio of government 
employment in a particular sector to the tctal 
regional population. This term.is also used to 
describe highway usage). 

Low Specific Activity. A United States 
Department of Transportation classification for 
radioactive waste below a specific level of 
radioactivity. 

Equivalent to man-hour. 

Pertaining to, produced by, or formed in a lake 
or lakes. 

The solution formed after percolation through a 
material. The composition of the solution has 
changed due to the dissolution of soluble 
substances from the material. 

Of, relating to, or living in still waters such 
as lakes, ponds, or swamps. 

Current theory proposes leptons as any of six 
particles that experience the weak force but 
not the strong force. Kr.own leptcns include 
the electron, muon, tau, their three assodated 
neutrinos (electron neutrino, muon neutrino, 
tau neutrino), and their corresponding 
antiparticle fori~s. 

EIS Volume I Glossary 



Linear Accelerator . 

Limestane 

Loess 

Lotic 

Luminosity 

MAG 

MCCOG/DD 

MCQWD 

MDA 

MEB 

MeV 

MI 

MILS 

MLM 

M01i 

Marl 
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An accelerator desigr:ied to accelerate 
electrkally charged atomic and subatomic 
particles in a straight line. Particles are 
accelerated in one direction only and collide 
with a fi.xed target at the end of the path. 
(see Acceleratorl 

A bedded sediment rock consisting chiefly of 
the calcium carbonate mineral, calcite (Ca!:Oj}. 

The physical character of a rock. 

A loose, sedimentary deposit consisting 
predominantly of silt and commonly of eolian 
origtrr. 

Of, relating to, or living in flowing waters 
such as rivers and streams. 

A measure of the num~r of potentially 
interacting: particles available in two 
co 11 i ding beams . 

Maricopa Associ•ation of Governments (Arizona). 

Mid-Cumberland Counc.il of 
Governments/Dev·e lopment Di strict (Tennessee). 

Morgan Cou11ty QuaHty Water Di strict 
(Col or ado). 

Mini·mum Detectable Activity. 

Medi'um Energy Bo1>ster (one of the synchrotrons 
in the i njecto·r for the SSC) . 

Million or Mega Electron Volts (one million 
electron volts}. 

Municipal and Industrial. 

Minerals Industry Locations System. 

Mound Laboratories - Monsanto (Ohie). 

Memorandum of Agreement. 

A calcareous clay or intimate mixture of clay 
with particles of calcite or dolomite, usually 
oc.curring as fragments of shells. 
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Marsh 

Mass 

Maxwell 

Median 

Mesic 

Meson 

Mesozoic 

Metamorphic 

Meta volcanics 

Meteorology 
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P. shallow, stagnant body of water. In the 
temperate zone, marshes are filled with rushes 
and reeds. 

The material equivalent of energy. Different 
from weight in that it neither increases nor 
decreases with gravitational force. 

The unit for electromagnetic flux in the cgs 
(centimeter-gram-second) measuring system. P. 
Maxwell is equal to the flux per square 
centimeter of normal cross section in a re'.~ion 
where the magnetic field strength is 1 gauss. 

The middle value of a set of data ordered by 
magnitude. 

Characterized by a moderate amount of moisture. 

P. class of short-lived composite particles that 
have a mass between that of the electron and a 
proton. Mesons are commonly produced as 
secondary particles by the collision between 
cosmic rays and atoms in the at!:lOsphere and in 
collisions produced by accelerators. 

The era in the history of the earth known as 
the "age of the dinosaurs." The era is 
estimated to be from approximately 230 to 65 
mill ion years ago. Three periods are 
identified in the Mesozoic. The earliest. is 
the Triassic (230 to 185 million years ago); 
the middle period i~ the Jurassic (185 to 140 
million years ago); the final period is the 
Cretaceous (140 to 65 million years ago). 
Dinosaurs first appeared in the Triassic, and 
they became extinct at the end of the 
Cretaceous. 

Referring to rocks that have been altered in . 
composition, texture, or internal structure as 
a result of increased pressure, temperature, or 
introduction of new chemical substances. 

Metamorphosed 110 lean i c rocks; vo lean i c rocks 
that have been altered as a result of increased 
pressure, temperature, or introduction of new 
chemical substances. 

The science that deals wHh the atmosphere and 
its phenomena, especially with weather 
forecasting. 
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Metric 

Metric System 

Mica 

Mic:aceous 

Microbial 

Milli rem 

Mississippian 

Mitigate 

Mitigation 

MKS System 

Molecule 

Moll use a 

Mollusk 

Monochromatic 
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Of or relating to the metric system. 

The system of measurement based on the meter as 
a un"it of length. The gram and the kilogrant 
(1000 grams) are units of weight, and the liter 
is a unit of volume (equal to 1/1000 of a cubic 
meter). 

A m,i nera l group with a fl at, p 1 ate like 
structure. 

Conta.}ning m.i,ca minera.ls. 

RelaUng to microscopiE, living organisms. 

One-thousandth of a rem. 

A period of the Paleozoic Era in the history of 
the earth, estimated to be from approximately 
350 to 310 mHlion years ago. The period is 
characterized by the a.bundance on land of 
simple plants and early trees that have been 
fossil:i.zed as thick beds of coal in the Un·i'ted 
States. 

To reduce an impact to make less·severe or 
painful. 

Methods used to reduce the significance of or 
eliminate an anticipated adverse environmental 
impact. 

Meter-Kilogram-Second Systen1. A system of 
units based on the meter as the unit of length, 
the kilogram as the uni:t of mass, and the mean 
solar second as the unit of time. A subset of 
the metric system. fsee Metric System) 

The smallest unit of a compound having the 
chemical and physical characteristics of the 
compound; the smallest combination of atoms 
that will form a given chemical compound. A 
molecule consists of two or more atoms and has 
properties that differ from those of the 
tndivi.dual atoms. 

The phylum that includes the classes gastropods 
(snails), pelecypods {clams), and cephalopods 
(squids and octopi). 

Clam; specifically, a member of the MoHusca. 

Radiation having a single wavelength on energy. 
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Moraine 

Morphology 

Muon 

NAAQS 

IMS/NAE 

NCALG 

NCRP 

NCTCOG 

NEPA 

NEPA Review 

NERC 

NFPA 

NIOSH 

Nil'C 

NPDES 

NPL 

NRC 

Natural Radioactivity 

GLOS/336/88/26 

Glacial drift having the form of a ridge, 
deposited around the perimeter of a glacier, 

A branch of biology that deals with the form 
and.structure of animals and plants. 

G-26 

An unstable lepton that has the same charge as 
an electron but 207 times the mass. At rest, 
it decays in seconds into an electron and a 
neutrino. 

National Ambient Air Quality Standard. 

National Academy of Science/National Academy of 
Engineering. 

Ncrthern Colorado Association of Local 
Governments. 

National Council on Radiation Protection and 
Measurements. 

North Central Texas Council of Governments. 

National Environmental Pol icy Act. 

A formal review process required of certain 
federal and federally funded projects that 
involves the identification and analysis of 
potential environmental impacts and mitigation 
measures made pursuant to the NEPA. 

National Energy Reliability Council. 

National Fire Protection P.ssociation. 

National Institute for Occupational Safety and 
Health. 

Northern I 11 i noi s Planning Coml'li ss ion. 

National Pollutant Discharge Elimination 
System. 

National Priorities List. A li.st that is part 
of CERCLA ( "Superfund"), which ranks hazardous 
waste sites. 

United States Nuclear Regulatory Commission. 

Radioactivity exhibited by naturally occurring 
l'adionucl ides. (There are more than 50 
naturally occurring radionucl ides.) 
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Nautiloid 

Neutrino 

Neutron 

Neutron Skyshine 

Nuclei 

Nucleon 

Nucleus 

_Nuclide 

ORNL 

OSHA 

OSWER 

Omnivores 

Ordovician 
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An animal in the class Cephalopod. Nautiloids 
look like a squid or octopus in a conical 
shell. The shell has a series of chambers and 
can be either straight or coiled. 

Any of three uncharged, apparently massless 
leptons, each associated with one of the 
charged leptons (electron, muon, tau). 

An uncharged particle found in all atomic 
nuclei except that of ordinary hydrogen. The 
mass of a neutron is almost identical to that 
of a proton. The neutron was previously 
believed to be an elementary particle, but 
current theory and experimental evidence 
indicates the neutron is composed of quarks. 

Neutron radiation emerging more or less 
vertically from a shielded enclosure and 
scattering from air molecules to produce 
radiation seen at ground level locations that 

-are not along the line of sight. 

Plural of nucleus. 

A proton or neutron; especially in the atomic 
nucleus. 

The dense, central core of an atom, composed of 
protons and neutrons and held together by the 
strong force. 

Generally used to refer to atoms of a specific 
isotope. - -

Oak Ridge National Laboratory (Oak Ridge, 
Tennessee). 

Occupational Safety and Health Administration. 

Office of Solid Waste and Emergency Response 
(of the United States Environmental Protection 
Agency). 

Those animals consuming both animal and plant 
food. 

A period in the Paleozoic Era in the history of 
the earth estimated to be from approximately 
490 to 420 million years ago. The period is 
characterized by an abundance of marine life 
with calcareous shells. The shells are 
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Ostracods 

Overdraft 

PBX 

PEC 

PEL 

PEP 

PET 

PL 

PPV 

PSAR 

PSD 

PUD 

PVNGS 

Paleontology 

Pal ustrine 

Parcel 

Parent 

Pedogenesis 
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preserved as fossils in thick accumulat·ions of 
1 imestone rock.. 

Tiny. bivalve animals found in both marine and 
freshwater environments. 

In hydrology, to remove more groundwater (by 
pumping) than is being replaced by natural 
processes. The result is generally a decline 
in the water table. 

Private Automatk Branch Exchange. 

Provident Energy Company. 

Permissible Exposure Limit. 

Positron-Electron Project. A collider for 
positrons and electrons added at the end of the 
SLAC LINAC. 

Positron-Emission Tomography. 

Public Law. 

Peak Particle Velocity. 

Preliminary Safety Analysis Report. 

Prevention of Significant (Air Quality) 
Deterioration. 

Planned Unit Development. 

Palo Verde Huclear Generating Station. 

A branch ·Of geology that studies the plants and 
animals in past geological ages. It is based 
on the study of the fossil remains of 
organisms. 

Pertaining to material deposited in a swamp 
environment. 

A tract or plot of land with a recorded title. 

In radioactive decay, the initial, unstable 
nuclide; in particle physics, the initial 
nuclide or particle. 

The formation and development of soil. 
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Pelecypods 

Pennsylvanian 

Percolate 

Period 

Permeability 

Photon 

Phylum 

Physiography 

Piedmont 

Piezometer 

Pleistocene 

Pluton 
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Clams. Specifically, a class of bivalve 
mollusks in the Mollusca phylum. 

G-29 

A period of the Paleozoic Era in the history of 
the earth, estimated to be from approximately 
310 to 275 mill ion years ago. The period is 
characterized by the abundance on land of 
plants and trees on land that have been 
fossilized as thick beds of coal in the United 
States. 

To pass or move through fine interstices; to 
filter. 

A division of geologic time; a subdivision of 
the era. 

A measure of the capacity of a material to 
transmit a fluid. 

A particle of light (a quantum of 
electromagnetic radiation). Current physical 
theory views electromagnetic radiation as 
having the characteristics of either a wave or 
a particle, depending upon the measurement 
being made. 

One of the primary divisions of the animal and 
plant kingdom; a group of closely related 
classes of animals and plants. ("Class" is the 
next lower division.) 

The study of the genesis and evolution of land 
forms. Physical geography. 

Ly"ing or formed at the base of mountains; the 
area at the base of mountains. 

An instrument or device for measuring pressure, 
pressure change, or compressibility; especially 
one for measuring the hydrostatic pressure in a 
body of groundwater. 

The epoch in the history of the earth estimated 
to be from approximately 600,000 to 11,000 
years ago. The earlier of two epochs in the 
Quaternary Period, the Pleistocene is 
characterized by the presence of continental 
glaciers and ice sheets covering large portions 
of North America and Europe. The Ice Age. 

A large body of once molten rock that formed 
beneath the surface of the earth. 
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Porosity 

Potable 

Prairie 

Precambrian 

Predator 

Prey 

Prime Farmland 

Proge.ny 

Proterozoic 

Proton 

Pyrite 
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The ratio of the volume of openings in a rock 
to the total volume of the rock. 

Water suitable for drinking. 

Widespread areas of grasslands, with a 
predomlnance of grass species and forbs. 

The era in the age of the earth from the 
formation of the planet to the appearance of 
abundant animal life having hard shells. 
fstimated to be from approximately 4,600 
million to 600 million years ago. 

An animal that preys on other animals for food. 

A animal taken by a predator as food. 

Land that has the best combination of physical 
and chemical characteristics for producing 
food, feed, forage,.fiber, and oilseed crops 
and is also available for these uses (urban 
areas are not included). It has the soil 
quality, growing season, and moisture supply 
needed to economically produce sustained high 
yields of crops when treated and managed, 
including water mdnagement, according to 
acceptable farming methods. 

Radionuclide decay product. (see Daughter) 

A proposed separation of the Precambrian Era 
into two new eras. The Proterozoic Era is that 
portion of the history of the earth from the 
first evidence of simple forms of life to the 
appearance of abundant animal life having hard 
shells at the beginning of the Cambrian Period 
of the Paleozolc Era. 

A positively charged particle found in all 
atomic nuclei. The proton was previously 
believed to be an elementary particle, but 
current theory and experimental evidence 
indicate the proton is composed cf quarks. 

Iron pyrite, an iron and sulfur mineral with 
the composition FeSz. When removed from the 
ground and exposed to the atmosphere, the 
sulfur oxidizes to sulfate. Perco"lating 
rainwater will extract the sulfate, resulting 
in an acid leachate th<>t can contaminate water 
supplies. 
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Quadrupole 

Quantum 

Quarks 

Quaternary 

Quench 

RADRISK 

RADTRAN III 

RCRA 
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A system composed of two dipoles of equal but 
opposite directed moment. In accelerators, 
quadrupole magnets are used to focus beams of 
particles (in the same way a lens focuses 
light). 

A small division or "particle" of 
electromagnetic radiation. The quantum theory 
in physics is based on the concept that 
e:lectromagnetic radiation can be divided into 
finite quantities (quantum). 

Subatomic particles that experience the strong 
force and make up hadrons (protons, ne11trons). 
Current theory proposes there are six quarks 
(and six corresponding antiparticles), but that 
quarks appear to exist ".lnly in combinations of 
two or three. 

The period in tt.e age of the earth estimated to 
be from approximately 600,000 years ago to the 
present. The Period is characteriz.ed (and 
defined) by the presence of continental 
glaciers covering a large portion of North 
America and Europe. The Ice Age. The period 
is divided into two epochs, the Pleisi..ocene and 
the Holocene. 

To put out, extinguish; to cool quickly. In 
superconducting magnets, the process wh~reby 
the entir.~ magnet is brought quickly from the 
superconducting state to the normal state; wt.en 
any e 1 ement of the superconducting co i l under
goes such a transition. 

A computer code. 

An .inalytical comput£r code for calculating 
both the incident-free and accident impacts of 
tran:porting radioactive material. 

The Resc11rc10 Conservation and Recovery Act. 
RCRA givfs the Federal goverm2nt power to 
n·gul ate hazardous waste frcm U.e time it is 
gtnerated to its ultimate disposal, In effect 
from "cradle to grave." In addit1on, RCRA 
reg:llates non··hazardous sol id ~;aste (e.g., 
garbage, 1sh from municipal inslnerators) and 
c~rtain underground storage tanks. 
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RDS 

RF 

RHTM 

RMF 

ROD 

ROI 

RQD 

RTK 

Rad 

Radiation 

Radioactive Decay 

Radioactivity 

Radionuclide 

Radon 

Raptor 

Reconnaissance 
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The SSC Reference Designs Study (of 1984). 

Radiofrequency. 

Radioactive, Hazardous and Toxic Material. 

Radiation Measurements Facility. 

Record of Decision. 

G-32 

Region of Influence. The region that would be 
influenced directly or indirectly by an action. 
(The ROI for each site alternative is defined 
in Chapter 5.) 

Rock Quality Designation. 

An AE/CM consortium currently working with the 
COG and DOE on the preparation of the SSC EIS. 
The consortium consists of Kaiser Engineers 
Inc. (previously Raymond Ka.iser Engineers), 
Tudor Engineering Co., and Keller and 
Gannon-Knight. 

The unit of absorbed (radiation} dose is equal 
to 100 ergs/gram in any medium. 

Originally, the emission of fast atomic and 
subatomic particles or rays (photons) from the 
nucleus of radionuclides during radioactive 
decay. Now includes all energy radiated in the 
form of waves (photons} or particles. 

The spontaneous transformation of an unstable 
nuclide to another nuclide {stable or unst~ble) 
as a result of the emission of charged 
particles from the nucleus. 

The property shown by some isotopes of elements 
to undergo radioactive decay. 

An unstable isotope that will undergo 
radioactive decay; referring to the specific 
atoms of the isotope. 

A naturally occurring radioactive, gaseous 
element formed by the disintegration of radium; 
part of the uranium decay series. 

A bird of prey (hawk, eagle, etc.}. 

A preliminary survey to gain information. 
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Relativistic Mass 
Increase 

Relict Population 

Rem 

Retardation 

Riparian 

SAR 

SCADA 

SHPO 

SIC 

SLAC 

SLC 
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Einstein's Theory of Relativity predicted and 
experiments have demonstrated that as a body 
with mass approaches the speed of light, the 
mass of the body increases. 

A species or biological community that once 
occupied a wider range but is presently 
restricted to a small portion of its previous 
range as a result of physical changes in 
environmental conditions. 

A special unit of dose equivalent. The dose 
equivalent in rems is numerically equal to the 
absorbed dose in rads multiplied by a number of 
modifying factors that account for the type of 
radiation, the portion of the body, and other 
necessary factors. 

The process in which material dissolved in 
groundwater is temporarily removed from 
solution by interaction with the sediments. 
The time out of solution delays (retards) the 
movement of the material compared with the 
movement of the groundwater. 

Relating to, living, or located on the banks of 
a natural water course such as a river, in an 
environment that is at least periodically 
flooded. 

Safety Analysis Report. 

Supervisory Control and. Data Acquisition. 

State Historic Preservation Officer. 

Standard Industrial Classification. 

Stanford Linear Accelerator Center. SLAC is 
located in Palo Alto, California, and is 
operated by Stanford University for the DOE. 
SLAC operates the world's largest linear 
accelerator (2 miles long), the 
Positron-Electron Project (PEP), and the SLAC 
Linear Collider (SLC). (see Linear 
Accelerator, PEP, SLC) 

SLAC Linear Collider. The SLC is a "single 
pass" collider added to the end of the SLAC 
LINAC. Instead of a continuous ring, the SLC 
consists of two half rings. Positrons and 
electrons accelerated by the LINAC are 
separated upon entering the SLC and are 
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SPS 

SRO 

SSC 

STF 

Sandstone 

Saprolite 

Saturated Zone 

Savanna 

Scenario 

Schist 

Sedimentary 

Seismic 

Sere 
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directed to either half ring. The particles 
are steered through the half rings until they 
collide at the far side, where the two half 
rings meet. Unlike synchrotrons and colliders, 
where particles orbit many times, the SLC is a 
single pass device. (see Collider, Linear 
Accelerator, SLAC, Synchrotron). 

Stanford Linear (Collider) Detector. 

Super Proton Synchrotron. The largest 
currently operating synchrotron at CERN. (see 
CERN, Synchrotron) 

SSC Safety Review Document. 

Superconducting Super Collider. 

Site Task Force. 

A sedimentary rock formed from cemented quartz 
sand grains. 

Thoroughly decomposed rock with a soft, 
clay-rich texture formed in place by chemical 
weathering of bedrock. 

The subsurface zone in which all pore space or · 
other openings are filled with water. 

A tract of level land supporting grass and 
other low vegetation. Sometimes applied to 
tracts of open prairie land. 

An account or synopsis of a projected course of 
action or events. 

A medium- to.coarse-grained metamorphic rock 
with subparallel orientation of the micaceous 
minerals that dominate its composition. 

Referring to rocks formed by the accumulation 
of sediments in water (aqueous deposits) or in 
air (eolian deposits). 

Pertaining to an earthquake or earth 
vibrations, including vibrations that are 
artificially induced. 

The complete series of changes occurring in the 
cycle of plant formation. 
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A laminated, fine-grained, cemented sedimentary 
rock. Particles are predominantly of clay 
size. Includes both claystone and siltstone. 

A cemented sedimentary rock consisting of 
predominantly silt sized particles. (see Shale) 

A dish-, funnel-, or well-shaped depression in 
the land surface developed by the solution of 
the underlying rock. Generally found in a 
region underlain by limestone bedrock, the 
sinkhole will communicate with subterranean 
passages also developed by solution of the 
rock. (see Karst) 

Cf, relating to, or involving a combination of 
social and economic factors. 

The request for site proposals. 

The process of slow flowage from higher to 
lower ground of a mass of loose material 
saturated with water. A common process in 
regions of perennial frost. 

Earthen material removed from an excavation and 
not used for aggregate, backfill, or other 
construction purposes. 

See Fungal Spores. 

The amount of water released by an aquifer as a 
result of a decrease in pressure. Specifically 
defined as the volume of water that an aquifer 
releases from storage per unit surface area of 
aquifer per unit decline in the component of 
hydraulic head normal to that surface. 

Plural of stratum. 

A real estate transaction in which the 
purchaser recehes the ownership of a volume of 
ground between two depths. The original owner 
retains the rights to the surface, down to the 
top of the volume of ground, and probably any 
mineral rights below the volume of ground. 

The branch of geology that studies the 
formation, composition, sequence, and 
correlation of the stratified rocks as parts of 
the earth's crust . 
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A, section of a, layered geologic formation that 
E:Gftsists threughout o.f approximately the same 
kind, of rock. ma.teria.1; a single sedimentary bed 
or layer, regardless of thickness. 

A particle smaller than the size of an atom. 

Ferm.ing or relating to a substratum. 

A part, substance, or element that lies beneath 
and· supports another. In biology, the medium 
upon. which an organ.ism: grows. 

Being o.r lying und'er the surface of the earth. 

The· ability of some materials to maintain 
perpetiral. electric currents without loss, owing 
to the complete absence of electrical 
resistance. The property was initially 
discovered at very low temperatures approaching 
ab5o lute zero. · 

A sHght, marshy depression in generally level 
land•. 

A di.sh-, funne 1-, or we 11-shaped depression 
that communicates with the underground drainage 
system. in limestone regions. Synonymous with 
swallow hole, sinkhole, and sink. (see 
Sinkhole, Karst) 

A· type of clay mineral that easily incorporates 
water into its structu.re, resulting in a 
s.ignificant increase in volume. The process is 
easily reversible .. The significance is that 
when a deposit of swelling clay 1 oses water, . 
large cracks can form in the material. 

Co-existence of two or more organisms in a 
close association that is mutually beneficial. 

A cyclotron that compensates for the 
relati.vistic mass increase of particles as they 
reach high energy by adjusting the 
radiofrequency to account for the slower 
revolutions of the heavier particles. (see 
Cyclotron, relativistic mass increase) 

An accelerator constructed in the shape of a 
circle or oval. The path of the particles is 
controlled by magnetic fields while kinetic 
energy is imparted to the particles by 
radfowaves with variable frequencies. The 
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charged particles "orbit" inside the 
accelerator until used. Additional kinetic 
energy can be continually imparted to the 
particles, obtaining higher energies than 
available with a linear accelerator, cyclotron 
or synchrocyclotron. 

Tunnel Boring Machine. 

· Total Dissolved Solids. The quantity of 
material dissolved in a water sample. 

Technologically Enhanced Natural Radiation. ·A 
term used by the DOE to refer to the increase 
in background radiation from natural . 
radioactive materials as a result of man-made 
changes in the environment. Generally used to 
refer to spoils material excavated during 
mining operations, particularly uranium mill 
tailings. Removal of the material from the 
ground (with possible physical and/or chemical 
concentration) increases the exposure to 
radiation at the surface without changing the 
total quantity of radioactive material present. 

Trillion Electron Volts. 

Task Force of Radioactivation (for the SSC). 

Tungsten Inert Gas. 

Thermoluminescent Dosimetry or Dosimeter. 

Threshold Limit Values. 

Texas National Research Laboratory Commission. 

Treatment, Storage, and Disposal of hazardous 
materials (as in a TSO facility). A term from 
RCRA. 

Total Suspended Particulate. The amount of 
material suspended (not dissolved) in a water 
sample. 

Tennessee Valley Authority (Knoxville, 
Tennessee). 

An unstable lepton that has the same charge as 
an electron but a much greater mass. It decays 
at rest in seconds into an electron and a 
neutrino. 
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lhe. major technical (sc.ientific) systems and/or 
components that compri.se the SSC co 11 i der and 
fojection accelerators (as opposed to 
conventional facUities). 

Of, perta.i·ning to, or designating the rock 
structures and external forms resulting from 
the deformatton of the earth's crust. 

Consi:sting, of or pertai.ning to the land. 

The unit of magnetic field strength in the mks 
system; equal to 10,000 gauss (T). 

The 1-TeV synchrotron at Fermi lab (Batavia, 
llli•oois) .. 

Of, rehti:ng to, utiliz.ing, producing, or 
caused by heat. 

Any species that is likely to become an 
endangered: species within the foreseeable 
future throughout all or a significant portion 
of its range. 

Nonsorted, unstrati Hed. sediments carried or 
deposited by a glacier. 

The configuration of a surface including its 
relief and. the po·sition: of its natural and 
man-made features. 

A unit of pressure equal to 1/760 of 
atmospheric pressure. 

An electrical deviCe used to change the voltage 
and current in one electric circuit to a 
different voltage and current in another 
ci:rcuit. 

A measure of the ease with which water will 
flow through the entire saturated thickness of 
an aquifer. Specifh:al:ly defined as the 
product of the hydraulic conductivity of the 
aquifer material, and the thickness of the 
aquifer. 

A rock formed from fine (generally smaller than 
0.4 centimeters in diameter) volcanic material. 

Underground Area I (at CERN). 

Underground Area 2 (at CERN). 
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Uniform 1B11ilC:.li!llg rCode. 

Underw.ri te.rs Laboratory. 

User's Network for Applied Modeling of Air 
Pollt1tiori. 

Universities :Research ·Association. 

United States Code. 

United States Soil Conservation Service. 

United St.ates fis'h and Wildlife Service. 

United States Geological Survey. 

G-39 

An aquifer in cWhicl:t the water table forms the 
uµfrer boundary. 

Land other than prime farmland that is used for 
ttie pr-0duct'ioo <>if specific high value food and 
fiber crops. It ha·s the special combination of 
soil qua1 Hy, 1<>cation, growing season, and 
moisture supply needed to economically produce 
sustained hi9h quality and/or high yields of a 
specific ·crop 'When treated and managed 
according to acceptab~e farming methods. 

The subsurface zone, usually starting at the 
land surface, where the pore spaces and other 
-0penin9s conta1n both water and air. 

Vehicle Miles Travelled. 

Visual ·Reso11rce f.lanagemen t. 

Similar in defin1tion to the "unsaturated 
zone". The vadose zone, however., may also 
contain discontinuous saturated bodies of 
perched water. 

The area betl~een major ridge'line5, coinciding 
with waters't1ed boundaries. 

Work Breakdown Structure. 

Working Level. The specific activity of radon 
nr individua1 radon decay product isotopes can 
be measured in picocuries per liter (pCi/1). 
However, the specific activity of -~h.Qrt-li_veq 
radon decay products collectively is also 
measured in units called working levels (WL). 
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One working level is defined as the quantity of 
short-lived decay products that have the poten
tial to release 130 billion electron volts of 
alpha particle energy per liter of air. 

Wilderness Study Area. An area being 
considered for inclusion as a Wilderness under 
the National Wilderness System. (see 
Wilderness) 

The upper surface of the saturated zone. 

A region or are~ where all water drains 
ultimate to a particular body of water or 
watercourse. 

An extremely short-range force that affects all 
quarks and leptons. The weak force is respon
sible for most radioactive decay processes and 
for the decay of many short-lived particles. 

Lands transitional between terrestrial and 
aquatic systems where the water table is 
usually at or near the surface or the land is 
covered by shallow water. For purposes of this 
classification wetlands must have one or more 
of the following three attributes: (I) at least 
periodically, the land supports predominantly 
aquatic plants; (2) the substrate is 
predominantly undrained hydric soil; and (3) 
the substrate is non soil and is saturated with 
water or covered by shallow water at some time 
during the growing season each year. 

A tract of land, usually in excess of 5,000 
acres, that has been designated by Congress as 
part of the National Wilderness System under 
the Wilderness Act. 

A portion of a river that has been designated 
by Congress as part of the National Wild and 
Scenic River Act. 

Requiring only a small amount of moisture. 

Relating to, living, or located on the banks of 
a dry wash (in a desert environment). The dry 
wash receives sufficient additional moisture to 
support a different plant community than the 
surrounding desert. 
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X-Rays 
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Electromagnetic radiation whose wave lengths 
are shorter than those of visible light, and 
hence of higher energy, but less than that of 
Gamma-rays. 
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