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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY
)
In the Matter of )
) Docket No. 52-011
Southern Nuclear Operating Company, Inc. )
)
Early Site Permit for Plant Vogtle ESP Site )
- )
)

'PETITION FOR INTERVENTION

L INTRODUCTION

Pursuant to 10 C.F.R. § 2.309, 10 C.F.R. § 52.21, and a notice published by the Nuclear
Regulatory Commission (“NRC” or “Commission™) at 71 Fed. Reg. 60,195 (October 12, 2006),
Petitioners Center for a Sustainable Coast, Savannah Riverkeeper, Southern Alzl.iance for Clean
Energy (“SACE”), Atlanta Women’s Action for New Directions (“WAND?”), and Blue Ridge
Environmental Defense League (“BREDL), hereby submit their contentions regardiﬁg Southern
Nuclear Operating Company, Inc. (“SNC”) applicatioh for an Early Site Permit (“ESP”) that
would allow it to build and operate two.new nuclear reactors on the site of the. Plant Vogtle
nuclear power plant (“Plant Vogtle”). As demonstrated below, these contentions should be
admitted because they satisfy the NRC’S admissibility requirements in 10 C.F.R. § 2.309.
Description of the Proceeding

This proceeding concerns an application by SNC for an ESP for constrimtion of two
additional nuclear reactors on the Plant Vogtle site. SNC submitted its ESP application on
August 15, 2006. Notice of Receipt and Availabilit‘ylof the Application was published in 71 Fed.

Reg. 51,222 (August 29, 2006). The application requested approval of two nuclear reactors



located at the Plant Vogtle site in Waynesboro, Georgia. The application was accepted for

~ docketing on September 19, 2006 and Notice of Acceptance for Docketing of Application for
Early Site Permit (ESP) for the Vogtle ESP Site was published in 71 Fed. Reg. 56,187
(September 26, 2006).

Description of Petitioners

Center for Sustainable Coast is a non-profit membership-supported organization
defending the public interest in issues related to coastal Georgia’s growth, economy, and
eﬁviromnent. The Center combines education, advocacy, technical assistance, and legal action to
implement its comprehensive mission, which is the conservation and sustainable use of the
region’s resources — natural, historic, and economic.

Savannah Riverkeeper is a private, non-profit, advbcacy group dedicated to preserving,
protecting and restoring the Savannah River. Savannah Riverkeeper’s mission is to protect the
water quality of the Savannah River and the integrify of its watershed. Savannah Riverkeeper
has approximately 100 members, with an additional 400-500 volunteers.

SACE is a nonprofit, nonpartisan membership organization that promotes responsible
energy choices that solve global warming problems and ensure clean, safe and healthy
communities throughout the Southeast. SACE has staff and members throughout the Southeast,
including offices in Atlanta and Savannah, Georgia.

WAND is a non-profit, membership organization incorporated in the state of Georgia. It
is also a chapter of a national organization, Women’s Action for New Direc’cions.~ WAND’s
mission is to act politically to reduce violence, and to redirect excessive military resources
toward unmet human and environmental needs. WAND aiso works on issues surrounding health

and social justice.



BREDL is a regional, community-based non-profit environmental organization whose
founding principles are earth stewardship, environmental democracy, social justice, and
community empowerment. BREDL encourages government agencies and citizens to take
responsibility for conserving and protecting our natural resources. BREDL advocates grassroots
involvement to empower whole communities in environmental issues. BREDL also functions as
a “watchdog” of the environment, monitoring issues and holding government officials
- accountable for their actions.

Standing

Pursuant to 10 CFR § 2.309, a request for hearing must:

set forth with particularity the interest of the petitioner in the proceeding, how

that interest may be affected by the results of the proceeding, including the

reasons why the petitioner should be permitted to intervene with particular

reference to the factors set forth in 10 CFR § 2.309 (d)(1), and the specific aspect

or aspects of the subject matter of the proceeding as to which the petitioner

wishes to intervene.

In addition, the request for hearing must address: (1) the nature of the petitioner’s right
under the Atomic Energy Act to be made a party to the proceeding, (2) the nature and extent of
the petitioner’s property, financial, or other interest in the proceeding, and (3) the possible effect
of any order that may be entered in the proceeding on the petitioner’s interest. Id
The Atomic Safety and Licensing Board (“ASLB”) summarized these standing requirements as
follows:

In determining whether a petitioner has sufficient interest to intervene in a

proceeding, the Commission has traditionally applied judicial concepts of

standing. See Metropolitan Edison Co. (Three Mile Island Nuclear station, Unit

1), CLI-83-25, 18 NRC 327, 332 (1983) (citing Portland General Electric Co.

(Pebble Springs Nuclear Plant, Units 1 and 2), CLI-76-27, 4 NRC 610 (1976)).

Contemporaneous judicial standards for standing require a petitioner to

demonstrate that (1) it has suffered or will suffer a distinct and palpable harm that
constitutes injury-in-fact within the zone of interests arguably protected by the



governing statutes (e.g., the Atomic Energy Act of 1954 (AEA), the National
Environmental Policy Act of 1969 (NEPA)); (2) the injury can be fairly traced to
the challenged action; and (3) the injury is likely to be redressed by a favorable
decision. See Carolina Power & Light Co. (Shearon Harris Nuclear Power
Plants), LBP-99-25, 50 NRC 25, 29 (1999). An organization that wishes to
intervene in a proceeding may do so either in its own right by demonstrating
harm to its organizational interests, or in a representational capacity by
demonstrating harm to its members. See Hydro Resources, Inc. (2929 Coors
Road, Suite 101, Albuquerque, NM 87120), LBP-98-9,47 NRC 261,271 (1998).
To intervene in a representational capacity, an organization must show not only
that at least one of its members would fulfill the standing requirements, but also
that he or she has authorized the organization to represent his or her interests. See
Private Fuel 3 Storage, L. L. C. (Independent Fuel Storage Installation), LBP-98-
7,47 NRC 142, 168, a fd on other grounds, CLI-98- 13,48 NRC 26 (1998).

Pacific Gas & Electric Co. (Diablo Canyon Power Plant Independent Spent Fuel Storage
Installation), LBP-02-23,56 NRC 4 13,426 (2002) (hereinafter “Diablo Canyon™).

Petitioners’ standing to participate in this proceeding is demonstrated by the declarations
of the following members of Petitioner organizations, who have authorized Petitioners to
represent their interests in this proceeding.

Susan Bloomfield, SACE member

David Matos, SACE member

William J. Mareska, SACE member and Savannah Riverkeeper member
Frank Carl, Savannah Riverkeeper member, and Executive Director
Mike Stacy, Savannah Riverkeeper member

Sam Booher, Center for a Sustainable Coast member
Judy Jennings, Center for a Sustainable Coast member
Karen Grainey, Center for a Sustainable Coast member
Terence Alton Dicks, Atlanta WAND member -

Judith Lorraine Stocker, Altanta WAND member
Gwendolyn Walker, Atlanta WAND member

Carey K. Barber, BREDL member

Audra Roper, BREDL member

Kia Luke, BREDL member

Charles W. Barber, Sr., BREDL member

Mildred L. Walker, BREDL member

Cicero Luke, BREDL member

Cynthia Richardson, BREDL member

Shirley Coleman, BREDL member

Heather Oglesby, BREDL member

Clarence Guidry, BREDL member



Holice C. McClain, Sr., BREDL member

Marvin McRae, BREDL member

Cora L. Moore, BREDL member

Melvin Lee Avery, BREDL member

Bernice Bussey, BREDL member

Rosalyn Conyers, BREDL member

The attached declarations demonstrate that Petitioners’ members live near the proposed
site, i.e., within 50 miles. Therefore, Petitioners have presumptive standing by virtue of their
proximity to the new nuclear plant that may be constructed on the site. Diablo Canyon, supra, 56
NRC at 426-427, citing Florida Power & Light Co. (Turkey Point Nuclear Generating Plant,
Units 3 and 4), LBP-01-6, 53 NRC 138, 146, aff’d, CLI-01-17, 54 NRC 3 (2001)
(hereinafter “Florida Power & Light ”) !

Petitioners seek to protect their members’ health, safety and lives, as well as the health
" and safety of the general public and the environment by opposing construction of any new
reactors at Plant Vogtle through intervention in the Vogtle ESP proceeding. Petitioners seek to
ensure that no ESP is issued by the NRC unless SNC demonstrates full compliance with the
~ Atomic Energy Act, National Environmental Policy Act (“NEPA”), the Endangered Species Act
(“ESA”), as well as with applicable Georgia state law.
Specific Aspects of the Subject Matter As To Which Petitioner Seeks to Intervene

As required by the Federal Register notice, Petitioners set forth below the specific aspects

of the subject matter of this proceeding as to which they wish to intervene:

"In Diablo Canyon, the Licensing Board noted that petitioners who live within 50 miles of a
proposed nuclear power plant are presumed to have standing in reactor construction permit and
operating license cases because there is an “obvious potential for offsite consequences” within
that distance. Id. Here, the granting of an Early Site Permit to Exelon would facilitate the
granting of a construction permit and operating license for a new reactor on the Clinton site.
Thus, the same standing concepts apply.



1) Whether SNC has adequately assessed the impacts of the ESP on fishery resources of the
Savannah River;

2) Whether SNC has adequately assessed the impacts of the ESP on the minority and low-
income populations of the area surrounding Plant Vogtle;

3) Whether SNC failed to evaluate whether and in what time frame spent fuel generated by
the proposed reactors can be safely disposed of;

4) Whether SNC failed to address environmental impacts of intentional attacks; and

5) Whether SNC failed to adequately evaluate energy alternatives.

Contention 1: Impacts of the ESP on aquatic resources of the Savannah River

The ER does not adequately address the adverse impacts of the proposed cooling water
intake and dischargbe structures on the fishery resources of the Savannah River. In particular, the
ER does not assess: (1) The current species diversity, abundance, and habitat utilization in the
vicinity of the proposed intake and discharge points; (2) Habitat conditions and flow/habitat
relationships in the project area; (3) Cumulative impacts of the existing intake and discharge
combined with the proposed new intake and discharge; and (4) Fishery impacts and benefits of
alternatives to the proposed action. Thus, the ER does not “contain sufficient data to aid the
Commission in its development of an independent analysis” of environmental impacts pursuant
to NEPA. 10 C.F.R. § 51.45(b).

The Savannah River supports at least 98_ﬁsh species representing 24 families including

anadromous, diadromous and resident fish.> Some common freshwater resident fish in the

2 Marcy, B. C., D. E. Fletcher, F. D. Martin, M. H. Paller, and M. Reichert. 2005. Fishes of the
Middle Savannah River Basin. The University of Georgia Press. Athens, GA, Table 3 (Exhibit
1.1)



project area include largemouth bass, bluegill, redbreast sunfish, channel catfish, golden shiner,
longnose gar, chain pickerel, white bass, pickerél, northern hogsucker, spotted suckers, notched-
lip sucker, brown bullhead, yellow bullhead, redeye bass, white crappie and black crappie. The

3 Another

Savannah River is the only area of the redeye bass’ range that is below the Fall Line.
freshwater resident, the robust redhorse, was recently rediscovered after being deemed extinct.*
The Savannah River population is only one of three small sub-populations known to-exist.
Anadromous and diadromous fish that migraté past the VGEP site include striped bass,
American Shad, blueback herring, American eel, Atlantic sturgeon and shortnose sturgeon, a
federally listed endangered species.

Contention 1.1: The ER fails to use quantitative analysis and field surveys to assess
baseline habitat conditions and species diversity and abundance in the projects area.

Basis:

Every application for a NRC permit, including an ESP, must be accompanied by an ER,
which shall discuss: (1) The impacts of the proposed action; (2) Adverse envifonmental effects
that cannot be avoided; (3) Alternatives to the proposed action; (4) The relationship between -
Jlocal short-term uses of man’s environment and the maintenance and enhancement of long-term
productivity; and (5) Any irreversible and irretrievable of resources associated with the proposed
action. 10 C.F.R. § 51.45(b). The ER “shall include an analysis that considers and balances the

environmental effects of the proposed action, the environmental impacts of alternatives to the

proposed action, and alternatives available for reducing or avoiding adverse environmental

3

Id.
4 See Hendricks, A.S. 1998. The conservation and restoration of the robust redhorse, moxostoma
robustum, Volume 1. Report to the Federal Energy Regulatory Commission prepared by Georgia
Power Company, Environmental Laboratory. Atlanta, GA. at 6-8 (Exhibit 1.2)



impacts.” 10 C.F.R. § 51.45(c); 10 C.F.R. § 51.71(d). Further, the environmental analysis “shall,
fo the fullest extent practicable, quantify the various factors considered.” Id. (emphasis added).

The ER concludes that impacts to fishery resources are small or non-existent, and do not
warrant mitigation. ER § 10.1.3; ER § 5.3.1.2; ER § 5.3.2.2. 'This conclusion is based on a
general description of the Savannah River fishery and does not include a site-specific description
of the reach of the Savannah River adjacent to Plant Vogtle where the new intake and discharge
structures are proposed. ER § 2.4.2.2. Rather than conducting field studies at the proposed
intake and discharge sites, the ER makes selective use of long-term studies of the Savannah
River Site (“SRS”) that collected data in the vicinity of Plant Vogtle. Declaration of Shawn
. Young (“Young Declaration”) at 1 6, 9-11, 17, 18. (Exhibit 1.3). Thus, the ER fails to establish
an environmental baseline that is the basis for evaluating impacts and alternatives. /d.

The ER’s analysis of the cooling system intake and discharge structures Aand operation is
not based on field surveys or quantitative analysis. ER § 5.3; 10 C.F.R. § 51.45(c). Thus, the
ER fails to identify the current aquatic species aséemblage or the presence or absence of
threatened, endangered, or rare species in the project area. Similarly, the ER contains no data
concerning u'pbstream and downstream migration of anadromous and diadromous species in this
section of the Savannah River or their habitat utilization within the project area. Likewise, the
ER does not address specific habitat types and utilization by resident and anadromous fish in the
project area. Nor does the ER examine flow-habitat relationships and the potential impacts of
the project on habitat ‘availability.

The discussion of aquatic species in Chapter 2 of the ER discusses the diverse
macroinvertebrate and ichthyofauna of the Middle Savannah River found in the vicinity of

VEGP, including resident and diadromous fish species. ER § 2.4.2.2. In contrast, the impacts



analysis of the cooling system addresses only a handful of species that are unlikely to be
impacted and ignores species with a greater likelihood of adverse impacts. Young Declaration at
99 16, 17. For example, the ER reveals:

During spring (March-April), when important anadromous species such as
American shad, hickory shad, and blueback herring ascend the Savannah River to
spawn, approximately 0.9 to 1.2 percent of the river’s average flow and 2.7 to 2.8
percent of the river’s 7Q10 flow will pass through the new units.

ER at 5.3-2. However, this discussion fails to mention other times of year when these species
may also be present and fails to analyze the impacts of diverting between 0.9 and 2.8 percent of
the river’s flow on these species.

Analysis of entrainment at intake structures “needs to be performed for specific water

95

bodies.” Without detailed, site specific information about species abundance and flow/habitat

relationships, it is not possible to evaluate the impacts of the cooling system:

Evaluation of entrainment in absolute terms of numbers of organisms lost requires
coupling the estimates of entrainment from standing crop and the rates of -
entrainment with data on the organisms obtained in the field. Different fish
species will use a different habitat for spawning and in different seasons. The egg
and larval densities will vary with habitat and location throughout the water body.
Potentially high entrainment from a region determined by the hydrodynamic
computations is not important if that region is not used for spawning.
Additionally, organisms may not be in that region because of the entrainment.
Eggs and larvae of different spe01es will have different natural mortality rates, and
mortahty rates for the same species can vary with life stage.®

The ER fails to evaluate entrainment potential of the proposed intake. The ER’s discussion of
the potential impacts of the proposed discharge structure is similarly flawed. Although the ER
does include a summary of computer modeling of the heat plume, the analysis is not supported

by field studies or data that assesses site-specific and species-specific factors.

5 Edinger, J.E., Power Plant Intake Entrainment Analysis, Journal of Energy Engineering, Vol.
126, Vol. 126, No. 1, April, 2000. pp. 1-2. (Exhibit 1.4).
6

Id



Contention 1.2: The ER fails to identify and consider direct, indirect, aﬁd cumulative
impacts of the proposed cooling system intake and discharge structures on aquatic resources.

Basis:

The ER must describe and analyze the environmental impacts of the proposed new ESP.
10 C.F.R. § 51.45(b). Impacts that must be discussed include direct and indirect impacts, and
cumulative impacts of the proposed reactors. Cumulative impacts result from the “incremental |
impact of the action when added to other past, present, and reasonably foreseeable future actions
regardless of what agency (Federal or non-Federal) or person undertakes such other actions.” 40
C.FR. §1508.7.

| The ER does not estimate the level of mortality from irhpingement and entrainment in the

new intake structure. As discussed above, the ER does not quantify or describe systematically
the species composition and habitat in the vicinity of the intake and cooling structures. Asa
result, the ER fails to analyze the nature and extent of impacts on aquatic species expected from
the new reactors. Instead, the ER mistakenly relies on the performance standards that will be
imposed under state-issued water quality permits. Both the intake and discharge are subject to
regulation under the Clean Water Act; however, the mere fact that the new structures will
comply with the regulatory requirements of the Clean Water Act does not mean that they will not
cause significant impacts on aquatic species. The ER must describe and analyze the impacts of
the proposed action, as well as the applicable regulatory reduirements.

Section 316(b) of the Clean Water Act requires that the location, design, construction and
capacity of cooling water intake structures reflect the best technoiogy available for minimizing
adverse eﬁvironmental impact. 33 U.S.C. § 1326(b). In 2004, EPA promulgated rules

implementing § 316(b) for large existing electric generating plants. 69 Fed. Reg. 41576; 40

10



C.F.R. § 125.94. Compliance with the performance standards in the regulations is deemed to
meet the “best available technology” mandate of the CWA. Id HoWever, more stringent
standards may be required if “compliance with the applicable requirements of this section would
not meet the requirements of applicable State and Tribal lav\;, or other Federal law.” 40 C.F.R. §
125.94(¢e). Thus, even if the new intake structure complies with the “best available technology”
mandate of section 316(b), that does not alleviate the need to analyze the impacts of the intake on
aquatic species. The ER must still comply with the Commission’s rules that require analysis of
environmental impacts, as well as disclosure of regulatory requirements imposed by other state
and federal laws. 10 C.F.R. §51.45.

The ER’s treatment of impacts on aquatic species resulting from effluent discharges to
the Savannah River is similarly flawed. Rather than disclosing and analyzing the potential
impacts from the discharge structure, the ER focuses on its design specifications and compliance
with state and federal regulations of industrial effluent discharges. Proposed discharge to the
river includes radiological, non-radiological and thermal pollution. ER § 5.2.3. Yet, the ER
does nbt evaluate potential impacts on the aquatic community from this pollution source.

All cooling éystem discharges from thé new units, including cooling tower blowdown,
will be discharged to the Savannah River via a new discharge structure that will be built
downstream of the existing discharge structure. ER at 2.3.3-1. The ER describes the chemical
discharge associated with fhe proposed new units as “small” and “relatively innocuous” but fails
to characterize the discharge in terms of constituents and amount. ER at 5.2-4. Operation of the
cooling system requires use of anti-scaling compounds, corrosion inhibitors, and biocides,

including chlorine, bromide, and chromium. ER § 3.4.2.2; ER 5.2-4; ER Table 3.6-1. The ER

11



does not disclose whether chemical constituents in the liquid effluent will be discharged at

harmful levels. Id. The ER reveals some of the chemical constituents of the proposed discharge:

Table 3.6-1 Water Treatment Chemicals that could be used in

(MPA) 1 Based on
chemicals now used in

VEGP Units 3 and 41

Zine Sodium bromide
Tolytriazole Ammonium hydroxide
Dispersant Soda ash

Antifoam Ammoniium bisulfite
Hydrazine Sodium chloride

NCS Corrosion Inhibitor Antiscalant

Sodium hypochlorite Coagulant
‘Boric acid Stabrex ST70

Lithium hydroxide _ Calcium hypochlorite (Sanuril)
Phosphate Isothiozoline biocide
Methoxypropylamine

Units 1 and 2. This list is representative, not
definitive. :

The ER also fails to address potential impacts of thermal pollution on aquatic species at

the point of discharge and downstream. ER § 5.3.2. Instead, the ER focuses on computer

modeling of the plume and the size of the mixing zone necessary to avoid violations of water

quality standards. ER § 5.2.3.2; ER Table 5.2-8. However, the ER does not acknowledge the

potential impacts on aquatic species from this discharge. Young Declaration, ] 17-21. High

water temperature kills the early life history stages of several highly-valued fish found near

VEGP. Id. As with the intake structure, the discussion of the discharge facility suffers from the
failure to perform field surveys at the proposed intake site. Id.

Additionally, the ER does not adequately address the cumulative impacts on aquatic
resources of the new cooling system facilities, combined with the current impacts of the existing

intake and discharge. In 1985, the NRC examined impingement and entrainment associated with

12



the existing intake in the FES for operation of the existing units at Plant Vogtle and concluded
there will be no significant impacts on the aquatic community of the Savannah River. According
to the ER, “tWenty years of operating experience suggest that Savannah River fish populations
have not been adversely affected by operation of the existing” intake structure. ER at 5.3-3. In
two decades of operation, however, SNC has not monitored impingement or entrainmeﬁt
associated with the existing structure. Thus, the ER fails to provide a meaningful basis to
evaluate the cumulative impacts of the new and existing intake structures on aquatic species.
There is no data on the rate of entrainment and impingement for any of the fish species that
inhabit the Savannah River.

Similarly, the ER does not evaluate cumulative impacts from the new effluent discharge
combined with the existing discharge and other sources of pollution in the area. The ER does not
disclose field monitoring data from the existing discharge structure. There is no evaluation of
the acute or chronic toxicity of the existing discharge. 67 Fed. Reg. 69952. There are no field
surveys evaluating the existing thermal plume and its interaction with the aquatic species and
habitat utilization. Young Declaration at 4§ 17, 18.

The ER’s reliance on compliance with current and future state-issued waste discharge
permits in lieu of actual analysis of impacts is unavailing. The Commission’s rules require
disclosure of both environmental impacts and compliance status. According to the ER, routine
thermal monitoring is not required under the discharge permit for the existing facility and “it is
unlikely that routine thermal monitoring will be a requirement of the new or amended permit.”
ER at 6.1-1. In other words, although SNC must comply with the thermal pollution standards set

out in Georgia law, the waste discharge permit requires no monitoring to ensure compliance.

13



Contention 1.3: The ER fails to satisfy 10 C.F.R. § 51.45(b)(3) because it fails to
address impacts to aquatic sbecies in its discussion of alternatives. In particular, the ER’s
discussion of the no-action alternative and of alternative cooling technologies fails to consider
environmental and economic benefits of avoiding construction of the proposed cooling system.

Basis:

As described above, use of Savannah River water to provide cooling water for the new
units is likely to have significant impacts on fish and other aquatic life and downstream waters.
Such impacts can be avoided by not constructing new reactors at Plant Vogtle (no-action
alternative), or by implementing alternative cooling technology that would mitigate the impacts
of the proposed operation.

The ER’s discussion of the no action alternative recognizes that “environmental impacts
described and predicted in this report for the new nuclear units would not occur” if the ESP is not
granted. ER at 9.1-2. However, the ER fails to estimate or quantify the economic and
environmental benefits of avoiding impacts to aquatic species in the Savannah River. Likewise,
the ER dismisses dry cooling as an alternative cooling technology without any discussion of
aquatic impacts:

Dry cooling towers — This alternative is not suitable for the reasons discussed in

EPA’s preamble to the final rule addressing cooling water intake structures for

new facilities (66 FR 65256; December 18, 2001). Dry cooling carries high

capital and operating and maintenance costs that are sufficient to pose a barrier to

entry to the marketplace for some facilities. In addition, dry cooling has a

detrimental effect on electricity production by reducing the efficiency of steam

turbines. Dry cooling requires the facility to use more energy than would be

required with wet cooling towers to produce the same amount of electricity. This

energy penalty is most significant in the warmer southern regions during summer

months when the demand for electricity is at its peak. The energy penalty would

result in an increase in environmental impacts as replacement generating capacity

would be needed to offset the loss in efficiency from dry cooling. EPA concluded

that dry cooling is appropriate in areas with limited water available for cooling or
where the source of cooling water is associated with extremely sensitive

14



biological resources (e.g., endangered species, specially protected areas). The
conditions at the VEGP site do not warrant further consideration of dry cooling.

ER at 9.4-2.

Other than a vague reference to the preamble to an EPA rule implementing the Clean
Water Act, there is no discussion or analysis of the dry cooling as an alternative to the proposed
cooling system. In addition, the ER recognizes that “dry cooling is appropriate in areas with
limited water available for cooling or where the source of cooling water is associated with
extremely sensitive biological resources.” Id. However, the ER ignores the fact that there are
extremely sensitive biological resources in the Savannah River.

The ER fails to evaluate the impacts of the proposed cooling system intake and discharge
on threatened and endangered species in the project'area. Shortnc;se sturgeon, a federally
endangered species, have been collected at SRS near Plant Vogtle. ER at 2.4-10. In addition,
the robust redhorse, previously though to be extinct, was first documented in the middle
Savannah River in 1997, when a single adult was collected near Plant Vogtle by SNC. ER at
2.4-11. The ER’s failure to address potential alternatives that protect the robust redhorse is
- particularly ironic because SNC’s parent corporation, Southern Company, is a leader in the effort
to conserve this species.

Contention 2: Environmental Justice - Impact on Minority and Low-Income Populations

The ER for the proposed new reactors at Plant Vogtle is inadequate to satisfy the NEPA
because it fails to provide a thorough analysis of the disparate environmental impacts of the
project on the minority and low-income communities residing in close proximity to the site. The
ER fails to consider factors particular to those commuﬁities which will magnify the
environmental impacts of the proposed reactors in a way that is both disparate and significant. In

particular, the ER fails to acknowledge the widespread practice of subsistence fishing in the

15



Savannah River, and the likelihood that this population’s intake of radionuclides and other toxic
substances generated by the proposed reactors will be significant and disproportionate to the -
rates of ingestion by the general population. In addition, the ER fails to address the fact that
cancer rates in the minority and low-income community surrounding Plant Vogtle are already
higher than for the general population, and therefore that they are more vulnerable to the adverse
impacts of additional radiological and chemical pollution in the environment. Finally, the ER
fails to address disparate impacts on the minority and low-income communities during a
Aradiological emergency and evacuation.

Basis:

A. An Environmental Justice Analysis Is Required by NEPA, NRC Policy, and
Executive Order 12898.

As required by NEPA, the NRC must fully assess the impacts of the proposed the Plant
Vogtle ESP. 10 C.F.R. § 51.71. The NRC has delegated the first step in the NEPA evaluation
process to license applicants. 10 C.F.R. § 51.45. In implementing NEPA, the NRC must take
account of environmental justice, the potential for government actions to have disproportionate
impacts on low income or minority communities. The EPA defines Environmental Justice as:

[TThe fair treatment and meaningful involvement of all people regardless of race,

color, national origin, or income with respect to the development, implementation,

and enforcement of environmental laws, regulations, and policies. EPA has this

goal for all communities and persons across this Nation. It will be achieved when

everyone enjoys the same degree of protection from environmental and health

hazards and equal access to the decision-making process to have a healthy

environment in which to live, learn, and work.”

The NRC recognizes that for the impacts of its licensing decisions on some populations

“may be different from impacts on the general population due to a community’s distinct cultural

7 U.S. Envirommental Protection Agency, http://www.epa.gov/compliance/environmentaljustice
(last visited December 5, 2006).
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characteristics or practices.” Policy Statement on the Treatment of Environmental Justice
Matters in NRC Regulatory and Licensing Actions, 69 Fed. Reg. 52,040 at 52,049 (August 24,
2004). Thus, it is the Commission’s policy that, in keeping with Executive Order 12898, Federal
Actions to Address Environmental Justice in Minority Populations and Low-Income-
Populations:
an analysis of disproportionately high and adverse impacts needs to be done as part of the
agency’s NEPA obligations to accurately identify and disclose all significant
environmental impact associated with a proposed action.
59 Fed. Reg. 7629 (Feb. 16, 1994); See also Louisiana Energy Services (Claiborne Enrichment
Center), CLI-98-3, 47 NRC 77, 106 (1998) (“Adverse impacts that fall heavily on minority and
impoverished citizens call for particularly close scrutiny.”).
NEPA further requires that that the impacts of the proposed action on low-income and
minority populations be fully addressed. Executive Order 12898 directed agencies to consider
environmental justice issues, that is, the particular environmental impact on minority and low-

income populations. 59 Fed. Reg. 7629.

B. Environmental Report Recognizes Existence of Environmental Justice
Communities -

As the ER discloses, minority and low-income populations exist within a 50-mile radius
around the Vogtle site, see, ER § 2.5.4. Namely, of the 175 block groups identified, 171 have
Black races populations of 50 percent or more. ER § 2.5.4.2. Further, of the 72 census block
groups identified with respect to low-income populations, 14 have 50 percent or more low-

income households. ER § 2.5.4.3. Additionally, four counties within 40 miles of Vogtle have
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census data for the region reveal the following:®

areas which are persistently distressed and suffer from unemployment and/or poverty. The

County census tract poverty unemp. distressed
previous
year

Jefferson, 13-163-9602.00 X X X

GA

Jefferson, 13-163-9603.00 X X X

GA

Jenkins, GA | 13-165-9602.00 X X

Allendale, 45-005-9703.00 X X X

SC

Barnwell, 45-011-9701.00 X X

SC

Barnwell, 45-011-9703.00 X X

SC

Barnwell, 45-011-9704.00 X X

SC .

Barnwell, 45-011-9705.00 X X

SC

C. Environmental Report Does Not Adequately Address Disparate Impacts on
‘Low-Income and Minority Communities.

While the ER does address the instance of minority and low-income households within
and around Burke County, it fails to take accurate account of the impact two new nuclear
reactors will have on those populations based on factors particular to that area.

1. The Environmental Report Fails to Take Into Account Subsistence
Fishing on the Savannah River.

The ER fails to adequately address the impact of two new nuclear reactors at Plant Vogtle
because it neglects subsistence fishing along the Savannah River within minority and low-
income populations. These populations are already subject to an unusual dose of radiation due to

the current level of radioactive contamination in Savannah River fish. Two additional reactors at

8 hitp://132.200.33.13 1/cra/2006distressedorunderservedtracts.htm (last visited Dec. 6, 2006).
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Plant Vogtle will increase the total radiological load of the Savannah River, which already
receives radiological effluent from the existing Plant Vogtle reactors and SRS. The ER does not
recognize that subsistence fishing is an exposure pathway that disproportionately impacts low-
income and minority populations.

The two existing units at Plant Vogtle discharge liquid effluent, including radiological
and non-radiological waste, to the Savannah at a rate of 10,000 gallons per minute (14.4 MGD).
ER Table 2.9-1. The current liquid discharge includes waste from fission/activation products
(0.142 curries/year), tritium (1414 curries/year), dissolved, entrained gasses (0.00172
curries/year), and gross alpha (2.98E-05 curries/year), as well as non-radiological constituents.
1d. The two proposed reactors will discharge 0.52 curries per year of fission products and 2,020
curries per year of tritium. ER Table 3.0-1; ER Table 3.5-1.

SNC’s radiol'ogical monitoring program reveals that Savanna River fish, particularly
resident game fish species, are contaminated with cesium-137.° Semi-annual testing of
commercially or recreationally important fish species in the vicinity of Plant Vogtle routinely
find deteétible levels of cesium-137 in the edible flesh of collected samples:

Cs-137 was the only radionuclide found in the semiannual collections of a

commercially or recreationally important species of fish. It has been found in all

but 4 of the 125 samples collected during operation and in all but 5 of the 32

samples collected during preoperation.'?

Significantly, in 1999 SNC collected a largemouth bass “with a concentration of 2500 Ci/kg-

wet,” exceeding the required reporting level of 2000 pCi/kg-wet.!! SNC attributes the elevated

cesiums-137 level in this sample to “the fact that largemouth bass are predators that concentrate

? Vogtle Electric Generating Plant, Annual Radiological Operating Report for 2005, Southern
Company (2006) (Exhibit 2.1).

% Id at 4-28.

1
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Cs-137.7"2 Of course, humans who eat fish are also predators that concentrate cesium-137, and
largemouth bass are a target species of subsistence fishermen on the Savannah River.'?

Although individuals from all socio-economic backgrounds engage in fishing in the area,
African-Americans in particular commonly engage in subsistence fishing along the Savannah
River.'* As a recent report by the Institute for Energy and Environmental Research noted:

Many people use the Savannah River for subsistence fishing — that is, as a

primary source for food; the practice is more common among African-Americans.

Fish in the Savannah River have bioaccumulated cesium, mercury, and

tritium. .. African-American fishermen consume considerably more fish than the

maximum recommended for health reasons by the South Carolina Department of

Health and Environmental Control. This is clearly an environmental injustice,

because people who rely routinely on the river for a large portion of their protein

are disproportionately impacted by the pollution from the site.'

The ER is inadequate because it fails to consider the unique burdens faced by minority
and low-income populations who depend on the Savannah River for food. These populations are
disproportionately affected, via bioaccumulation, by increases in hazardous and radioactive
material from the addition of two new nuclear reactors at Plant Vogtle. Further, the ER is
inadequate because it fails to consider that impacts to important fish species targeted by
subsistence fishermen results in disproportionate impacts to the minority populations that they
rely on this resource as a source of nutrition. Low income and minority communities will bear

the burden if target species are less abundant, smaller, or less healthy because of the proposed

new units.

12 g
B Burger J (1998) Fishing and risk along the Savannah River: Possible Intervention. J Toxicol
Environ Health 55:405-419 (Exhibit 2.2).
'4 Arjun Makhijani, Ph.D. and Michele Boyd, Institute for Energy and Environmental Research,
Nuclear Dumps by the Riverside: Threats to the Savannah River From Radioactive
]C50ntamination at the Savannah River Site (2004)(Exhibit 2.3).

Id
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Additionally, the ER fails to take account of the disproportionate impact on minority and
low-income populations based on their hjgher-than-avefage consumption of fish. One study
reports that “[e]thnicity and education contribute significantly to explaining variations in [the]
number of fish meals per month, serving size, and [the] total quantity of fish consumed per
year.”!® Not only do African-Americans consume more fish per year than Caucasians, they often
eat fish in much larger portions, frequently surpassing allowable fish-consumption levels.'’
Further, low-income individuals also consume greater amounts of fish than those with higher
incomes.'® The combination of these factors means that African-Americans and low-income
individuals are at specific risk from hazardous materials in the Savannah River, and that any
increase in such materials from the addition of two new nuclear reactors will adversely affect
those populations in particular.

Likewise, the ER is inadequate because it fails to consider the disproportionate impact on
low-income and minority populations based on the cumulative effects of hazardous substances in
the Savannah River, as well on the increased harm posed by certain cooking methods prevalent
in the area. Both Georgia and South Carolina already issue fish consumption advisories along the
Savannah River based on the presence of hazardous and radioactive material in the water. While
mercury is the main threat to human health by way of fish consumption, the presence of

radionuclides is also a significant factor informing the presence of these consumption

18 Joanna Burger, et al., Factors in Exposure Assessment: Ethnic and Socioeconomic Differences
in Fishing and Consumption of Fish Caught along the Savannah River, Risk Analysis, Vol. 19,
No. 3, p. 427, 1999. (Exhibit 2.4).

"7 Id. at 506.

" 1d at 431.
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advisories.'® Radiocesium (137Cs) is of particular concern because levels of '*’Cs actually
increase when fish is cooked.?’ One study found that radiocesium levels increase by 32% when
fried with breading, and by 62% when fried without breading.?' Further, it was also noted in that
same study that “over 80% of the people interviewed along the Savannah River deep-fried their
fish regularly.”

Finally, the ER is inadequate because it fails to consider the lack of knowledge of fish
consuﬁlption advisories, or awareness of associated risks; among the minority and low-income
populations. Unfortunately, compliance with fish consumption advisories is quite low. This fact
is based on a number of issues, including “confusion over the meaning of advisories” and lack of
understanding regarding associated risks.”* Significantly, minority and low-income populations
have less awareness of the consumption advisories as compared to others groups.”* This fact, in
addition to their higher than average consumption of fish from the Savannah River, means that
minority and low-income populations are particularly susceptible to health risks posed by

contamination. The Environmental Report, however, fails to take this factor into account in its

consideration of Environmental Justice issues.

* 19 Joanna Burger, Science, Policy, Stakeholders, and Fish Consumption Advisories: Developing
a Fish Fact Sheet for the Savannah River, Environmental Management, Vol. 27, No. 4, p. 503,
2001. (Exhibit 2.5).

20 Joanna Burger, et al., Effects of Cooking on Radiocesium in Fish from the Savannah River:

Exposure Differences for the Public, Arch. Environ. Contam. Toxicol. 46, p. 231, 2004. (Exhibit
2.6). ,

2! Jd The weight loss during cooking of a breaded fish was 25% and the weight loss of an un-
breaded fish was 39%.

2 Id. at 232. |

23 Burger, Science, Policy, Stakeholders, and Fish Consumption Advisories, note 19, supra, at
501 (Exhibit 2.5).

* Id. at 507.
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2. The Environmental Report Fails to Consider the High Cancer Rate in Burke
County.

The ER fails to adequately consider the impact two new nuclear reactors will have on the
minority populations around Plant Vogtle who already suffer from higher-than-average cancer
rates. One study conducted by the University of South Carolina has shown that there is a higher
than average instance of cervical cancer in black women, and a higher rate of esophageal cancer
in black men, within a fifty mile radius of the Savannah River Site, which lies just across the
River from Plant Vogtle.”> While the study noted that these types of cancers are not necessarily
associated with exposure to radioactive materials, the impact of increased levels of hazardous
and radioactive materials into the area, including into the Savannah River, on minority
population already suffering from high rates of cancer should be assessed.

A number of studies have shown that living near a nuclear power plant can increase
certain health risks, including death. Particularly, children and fetuses are highly susceptible to
the impacts of radiation. The Agency for Toxic Substances and Disease Registry (ATSDR), a
federal public health agency of the U.S. Department of Health and Human Services,

. Toxicological Profile on Cesium reports that Cesium-137 is found in the breast milk of mothers
with an internal cesium-137 burden (citing Johansson et al. 1998; Thornberg and Mattsson
2000), and can be transferred to nursing infants (citing Johansson et al. 1998).” Cesium-137 has

also been shown to cross the placental barrier of animals.”® Studies also indicate that subsequent

251997 FEB 3, Cancer Weekly via NewsRx.com & NewsRx.net (Exhibit 2.7).
26

Id
T ATSDR Toxicological Profile on Cesium, available in its entirety at
www.atsdr.cdc.gov/toxprofiles/tp1 57.html. '

28 1d
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the closure of 8 U.S. nuclear plants in 1987, cancer incidence in children younger than 5 years of
age in proximate areas for which data were available fell significantly after the shutdowns.”
Recent studies of morbidity and mortality statistics compiled by the U.S. Centers for
disease Control and Prevention compare death rates before and after Plant Vogtle’s existing
reactors went online, and reflect that the death rate per 100,000 population from all cancers in
| Burke County rose 24.2 percent and that infant deaths increased by 70.1 for Burke County. *° In
light of these studies, the ER must consider the already existing negative health impacts in the
Burke County area when assessing the impacts of the two new reactors.
3. The Environmental Report Fails to Consider the Inability of low-income
and minority populations around Plant Vogtle to respond or evacuate in the
case of a nuclear accident.
The ER is deficient because it fails to discuss or énalyze the disparate impact a signiﬁcaﬁt
- accident would have on minority and low-income populations. In the Environmental Impact
Statement for the proposed Mixed Oxide Fuel Fabrication Facility at SRS, the NRC
acknowledged that a significant accident would most likely affect minority or low-income

communities due to the demographics and prevailing wind in the area.’!

Plant Vogtle is nearly
adjacent to SRS and, therefore, a significant accident at the new reactors would have a similar

disparate impact on these low-income and minority populations. The ER is deficient because it

does not discuss or analyze this impact such an accident would have on these populations, nor

% See Mangano, et al. 2002, Infant Death and Childhood Cancer Reductions after Nuclear Plant
Closings in the United States, Archives of Environmental Health, Vol. 57(1), January/February
2002, pp 23-31. (Exhibit 2.7).

*1J.S. Centers for Disease Control and Prevention (http://wonder.cdc.gov)(uses ICD-9 codes
000.1-799.9).

31NUREG-1767, Vol. 1, Environmental Impact Statement on the Construction and Operation of
a Proposed Mixed Oxide Fuel Fabrication Facility at the Savannah River Site, South Carolina,
Final Report, January 2005, Executive Summary at p. xix. Excerpt attached as Exhibit 2.8).
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does it address these communities® ability to respond or evacuate in the event of a nuclear
accident.

Pursuant to 10 CFR 52.17(b)(2)(11), SNC submitted a proposed complete and integrated
emergency plan to the NRC with the ESP application. Part 5, Emergency Plan; ER § 13.3.
However, neither the Emergency Plan nor the section of the ER discussing emergency planning
addresses the demographics of the communities within the plume exposure pathway or ingestion
exposure pathway. Id. As previously discussed, low-income and minority communities
dominate the area within the proposed EPZs. Despite this, and the previous NRC finding of
dispro;)ortionate impacts from an accident at SRS, the ER fails to disclose and analyze
potentially disparate impacts resulting from an accident or terrorist incident.

The recent Hurricane Katrina disaster revealed that low-income and minority populations
. are particularly vulnerable in emergency situations. Prior to Hurricane Katrina, the City of New
Orleans developed and implemented an emergency plan that was well engineered and publicized.
The evacuation plan functioned adequately for the population with automobiles, but utterly failed
to protect the most vulnerable populations. One evaluation of the Katrina emergency response
describes this disparity:

People who had resources were served relatively because planners are familiar |

with their abilities and needs. People who were poor, disabled or ill were not well

served, apparently because decision-makers were unfamiliar with and insensitive

to their needs.>

Obviously, the rural are surrounding Plant Vogtle presents very different emergency

planning and evacuation challenges from a major city like New Orleans. However, Hurricane

321 itman, Lessons from Katrina and Rita: What Major Disasters Can Teach Transportation
Planners, Journal of Transportation Engineering, Vol. 132, January 2006, pp. 11-18. (Exhibit
2.9).
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Katrina revealed that emergency plans can overlook the most vulnerable segments of society. In
order to prevent such disparate impacts, the ER must explicitly consider environmental justice.

Contention 3 : Failure to Evaluate Whether and in What Time Frame Spent Fuel
Generated by Proposed Reactors Can Be Safely Disposed Of

The ER for the Vogtle ESP is deficient because it fails to discuss the environmental
implications of the substantial likelihood that spent fuel generated by the new reactors will have
to be stored at the Vogtle site fqr more than 30 years after the reactors cease to operate, and
perhaps indefinitely. The Waste Confidence Decision®® does not support SNC’é failure to
address this issue in the ER, because it has been outdated by changed circumstances and new and
significant information. As required NEPA, the NRC may not permit construction or operation
of the new Vogtle reactors unless and until it has taken into account these changed circumstances
and new and significant information. 10 C.F.R. § 51.92. See also Marshv. Oregon Natural
Resources Council, 490 U.S. 360 (1989).

Basis:

A. Requirements of NEPA

NEPA requires the NRC to evaluéte the environmental impacts of its licensing decisions.
10 C.F.R. ’§ 51.71. The NRC has delegated the first step in the NEPA evaluation process to
license applicants. 10 C.F.R. § 51.45. The environmental impacts of nuclear power plant
licensing include the impacts of the uranium fuel cycle, including disposal of spent fuel. State of
Minnesota v. NRC, 602 F.2d 412, 418 (D.C. Cir. 1979) (“Minnesota v. NRC”). In Minnesota v.

NRC, the U.S. Court of Appeals for the D.C. Circuit approved the NRC’s conduct of a

3 Waste Confidence Review, 55 Fed. Reg. 38,474, 38,504 (September 18, 1990), as amended
by Waste Confidence Decision Review: Status, 64 Fed. Reg. 68,005 (December 6, 1999).
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rulemaking to evaluate, in compliance with NEPA, the concerns of intervenors in individual
nuclear power plant licensing cases regarding:

whether there is reasonable assurance that an off-site storage solution will be available by

the years 2007-09, the expiration of the plants’ operating licenses, and if not, whether

there is reasonable assurance that the fuel can be stored safety at sites beyond those dates.
602 F.2d at 418. In response to the Court’s decision in State of Minnesota v. NRC, the NRC
issued its first Waste Confidence Decision in 1984. 49 Fed. Reg. 34,659 (August 31, 1984). The
Waste Confidence decision was revised again in 1990 and 1999. Its findings are codified in 10
CF.R. §51.23.

The conclusions of the Waste Confidence Decision regarding the environmental impacts
of spent fuel storage and disposal are not unassailable. They must be revisited if changed
circumstances or new and significant information shows that their conclusions about
environmental impacts are in error. 10 C.F.R. § 51.92, Marsh v. Oregon Natural Resources
Council, 490 U.S. 360 (1989).

B. Waste Confidence Proceedings

The 1990 Waste Confidence Decision, the most recent comprehensive update to the 1984
Waste Confidence Decision, asserts that the Commission has:

reasonable assurance that at least one mined geologic repository
will be available within the first quarter of the twenty-first century,
and that sufficient repository capacity will be available within 30
years beyond the licensed life for operation (which may include the
term of a revised or renewed license) of any reactor to dispose of
the commercial high-level radioactive waste and spent fuel
originating in such reactor and generated up until that time. (This

finding revised the finding in the original decision that a mined
geologic repository would be available by the years 2007 to 2009).
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55 Fed. Reg. at 38,474. The Commission repeated the same assertion in 1999. Waste
Confidence Review Decision: Status, 64 Fed. Reg. 68,005-06 (December 6, 1999). The finding
was codified in 10 C.F.R. § 51.23.

The 1990 Waste Confidence Decision also predicts that the first repository, now
proposed for Yucca Mountain, Nevada, will not have enough capacity to handle all the spent fuel
that will be generated by the current generation of nuclear reactors, or from the next generation
of nuclear reactors, and therefore it “appears likely” that a second repository will be needed to
accommodate all of the spent fuel from those reactors. 55 Fed. Reg. at 38,501-02. The Waste
Confidence Decision does not predict the volume of spent fuel that would be generated by a new
generation of reactors, but assumes that spent fuel generated by new reactors would go to a
second repository, and that the repository would be available “well within” 30 years after
expiration of their licenses. 55 Fed. Reg. at 38,504.

The 1990 Waste Confidence Decision also notes that in 1986, Congress had indefinitely

.postponed the second repository program, due to “decreasing forecasts of spent fuel discharges,
as well as estimates that a second repository would not be needed as soon as originally
supposed.” 55 Fed. Reg. at 38,501. In 1987 amendments to the Nuclear Waste Policy Act,
Congress required DOE to report to Congress on the need for a second repository between
January 1, 2007, and January 1, 2010. Id The Commission found it is “not clear that the
institutional uncertainties arising from having to restart a second repository program should be
considered in detail in the current Waste Confidence Decision review,” and decided not to
address them. Id. at 38,503-04.

In 1999, the NRC issued a “status report” on the 1990 Waste Confidence Decision,

reporting that:
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no significant and unexpected events have occurred — no major shifts in national policy,
no major unexpected institutional developments, no unexpected technical information —
that would cast doubt on the Commission’s Waste Confidence findings or warrant a
detailed evaluation at this time.

64 Fed. Reg. at 68,007. Thus, the Commission decided not to modify the findings codified in 10
CF.R.§51.23. Id
C. Changed Circumstances and New and Significant Information.
The Commission has committed to periodic review of its waste confidence findings. 55
Fed. Reg. at 38,474. In the 1999 Status Report on the Waste Confidence Review, the
Commission stated that the “appropriate trigger” for the next review:
could be a combination of events or it could be a single event. For example, any
significant delays in DOE'’s repository development schedule or a decision by the
Secretary of Energy to not recommend Yucca Mountain as a candidate site might
necessitate a reevaluation of the Commission’s Waste Confidence Decision. Thus, the
Commission would consider undertaking a comprehensive reevaluation of the Waste
Confidence findings when the impending repository development and regulatory
activities run their course or if significant and pertinent unexpected events occur, raising
substantial doubt about the continuing validity of the Waste Confidence findings.
64 Fed. Reg. at 68,007 (emphasis added). Petitioners submit that a number of events have
occurred which call for the reevaluation of the Waste Confidence decision before any licensing
decision is made with respect to new reactors, including the proposed Vogtle reactors. These
changed circumstances undermine the NRC’s conclusion in Finding 2 of the 1990 Waste
Confidence Rule that:
sufficient repository capacity will be available within 30 years beyond the licensed life
for operation (which may include the term of a revised or renewed license) of any reactor

to dispose of the commercial high-level radioactive waste and spent fuel originating in
such reactor and generated up until that time.>*

3% The first statement, that a repository will be available within the next 25 years, is irrelevant
because the Waste Confidence Decision admits that this first repository has insufficient capacity
to dispose of spent fuel from new reactors. 55 Fed. Reg. at 38,504.
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55 Fed. Reg. at 38,474. The changed circumstances and new and significant information include
the following:

1. The 1990 Waste Confidence Decision is based on the assumption that work on a
second repository will begin in 2010, but this assumption is clearly unreasonable. It is unlikely
that work on a second repository will begin while the Yucca Mountain proceeding is underway.
The Yucca Mountain project has been substantially delayed, and DOE now predicts that the
repository will not open until 2017.

2. When the NRC issued the 1990 Waste Confidence Decision, the prospect of new
reactor licensing was virtually nonexistent. In fact, the DOE had postponed the second
repository program in 1986 because of “decreasing spent fuel discharges™ and “estimates that a
second repository would not be needed.” 55 Fed. Reg. at 38,501. In 2005, Congress changed
this circumstance dramatically by approving more than $13 billion in subsidies and tax breaks
for new reactors. Several applications for early site permits have are pending and a number of
companies have stated that they intend to file combined construction permit/operating license
applications. Now that 1t has become likely that many new tons of spent reactor fuel will be
generated with no means of disposal, it is “clear” that the time has come to conduct a careful and
thorough evaluation of the availability of a second repository. 55 Fed. Reg. at 38,502 (“[I]t is
not clear that the institutional uncertainties arising from having to restart a second repository
program should be considered in detail in the current [i.e., 1990] Waste Confidence Review.”)

3. The NRC’s expression of confidence that spent fuel can be safely stored at nuclear
power plant sites for lengthy period was made before the attacks of September 11, 2001, and thus
does not reflect a current assessment of their vulnerability to accidents caused by intentional

attack. The environmental impacts of storing spent fuel at reactor sites for any period of time,
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but especially for 30 years or more, must be re-examined in light of new information regarding
the threat of intentional attack against U.S. facilities, including nuclear power planté. See
Committee on the Safety and Security of Commercial Spent Nuclear Fuel Storage, Board on
Radioactive Waste Management, National Research Council, Safety and Security of Commercial
Spent Nuclear Fuel Storage: Public Report at 12 (Washington, DC: National Academies Press,
2006)(Information gathered by this Committee “led it to conclude that there were indeed credible
concerns about the safety and security of spent nuclear fuel storage in the current threat
environment.”).>> Petitioners request the NRC to apply the holding of the U.S. Court of Appeals
for the Ninth Circuit in San Luis Obispo Mothers for Peace v. NRC, 449 F.3d 1016 (9 Cir.
2006) that the NRC must consider the environmental impacts of terrorist attacks in the NEPA
analyses supporting its licensing deciéions.

In light of these changed circumstances and new information, the NRC no longer has any
basis for refusing to prepare an EIS that addresses the environmental impacts of extended spent
fuel storage at nuclear power plant sites, including the site of the proposed Vogtle reactors. The
ER for the Vogtle ESP should address the issue, or it should be addressed in a generic EIS. In
either event, the NRC méy not issue an ESP to SNC for the Vogtle site unless and until the

analysis is completed.

% An excerpt of this report is attached hereto as Exhibit 3.1.
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Contention 4: Failure to Address Environmental Impacts of Intentional Attacks
The Environmental Report (“ER”) for the Vogtle ESP application is inadequate to satisfy
the National Environmental Policy Act (“NEPA”) and NRC regulation 10 C.F.R. § 51.45(b) and

(c) for the following reasons:

(a) it fails to address the environmental impacts of intentional attacks on the proposed
nuclear power plants, or to evaluate a reasonable range of alternatives for avoiding or mitigating
those impacts.

(b) it fails to address the cumulative impacts of an intentional attack on the existing
Plant Vogtle, or to evaluate a reasonable range of alternatives for avoiding or mitigating those
impacts.

Basis:

NRC regulations implementing NEPA, 10 C.F.R. §§ 51.45(b) and (c), require SNC’s ER
to address the impacts of the proposed licensing and operation of the new nuclear piants on the
environment, as well as alternatives for mitigating or avoid those impacts. The ER for the
Vogtle plant fails to satisfy these requirements because it does not address the environmental
impacts of intentional attacks on the proposed nuclear power plants. The NRC’s policies and
procedures for preparing against terrorist attack, including the commencement in 2001 of a “top
to bottom” review of NRC security procedures and the establishment of the Office of Nuclear
Security and Incident Response, demonstrate that the NRC considers such attacks to be
reasonably foreseeable for purposes of requiring a NEPA review. San Luis Obispo Mothers for
Peace v. NRC, 449 F.3d 1016 (9th Cir. 2006) (“Mothers for Peace”).

In Mothers for Peace, the U.S. Court of Appeals for the Ninth Circuit reversed the

Commission’s refusal, as a matter of law, to consider the environmental impacts of terrorist
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attacks in its licensing decisions. See Pacific Gas & Electric Co. (Diablo Canyon Independent
Spent Fuel Storage Installation), CLI-03-01, 57 NRC 1 (2003); Private Fuel Storage, L.L.C.
(Independent Spent Fuel Storage Installation), CLI-02-25, 56 NRC 340 (2002). While the
Court’s decision is not binding on the NRC outside of the Ninth Circuit, the Commission should
apply the decision to all of its licenéing decisions, including the Vogtle ESP decision. As
Commissioner Jaczko stated in a recent dissenting opinion, “the NEPA terrorism issue is a
significant matter that needs resolution,” and that “the current uncertainty surrounding the impact
of this issue may lead to unnecessary confusion in the review of new reactor licenses.” Pacific
Gas & Electric Co. (Diablo Canyon Independent Spent Fuel Storage Installation), CLI-06-23,
slip op. at 5 (September 6, 2006).

Pacific Gas & Electric Company (“PG&E”) has petitioned the Supreme Court for a writ
of certiorari regarding the Mothers for Peace decision. However, the NRC’s failure to file its
own petition for certiorari, or even to submit a timely response in support of PG&E’s petition,
indicates that the NRC does not consider the decision to warrant Supreme Court review and is
prepared to carry out the Ninth Circuit’s mandate.*® Petitioners urge the Commission to follow

Commissioner Jaczko’s counsel and require SNC to address_, in its ER, the environmental

36 See Sup.Ct.R. 12.6, which provides that:

All parties other than the petitioner are considered respondents, but any respondent who
supports the position of a petitioner shall meet the petitioner’s time schedule for filing
documents, except that a response supporting the petition shall be filed within 20 days
after the case is placed on the docket, and that time will not be extended.

The Supreme Court docketed PG&E’s petition for certiorari on October 3, 2006. See
http.//www.supremecourtus.gov/docket/06-466. htm. Pursuant to Sup.Ct.R. 12.6, if the
government wished to file a brief in support of the petition it was required to do so by October
23. Therefore it is reasonable to expect that the government’s brief, now due on December 15,
2006, will oppose the taking of certiorari.
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impacts of a terrorist attack on the new reactors and the cumulative impacts of an attack on the
existihg Vogtle reactor. Regardless of the outcome of PG&E’s petition for certiorari, the
Commission may exerqise its discretion to conduct such a review, thereby joining the other
agencies who review the environmental impacts of terrorist attacks on their facilities.*’

The ER should provide a full discussion of the potential consequences of a range of .
credible events involving destructive acts against the proposed reactors. The range of events
considered in the ER should include all types of attacks that are reasonably foreseeable,
including events that SNC and NRC considers to fall beyond the plant’s design basis. Limerick
Ecology Action v. NRC, 869 F.2d 719, 726 (3™ Cir. 1989).

The ER should also evaluate the potential that severe accidents caused by attacks on the
existing Vogtle nuclear reactor will lead to accidents at the new nuclear reactors. SNC has
notified the NRC of its intent to file a license renewal application in June of 2007, and thus it is
possible that the existing nuclear reactor will continue to operate alongside two new nuclear

reactors for a lengthy period.®® The ER’s analysis of cumulative impacts should include a

37 The U.S. Department of Energy, for example, has evaluated the environmental impacts of
terrorist attacks in numerous EISs. See, e.g, DOE/EIS-0250F, Final Environmental Impact
Statement for a Geologic Repository for the Disposal of Spent Nuclear Fuel and High-Level
Radioactive Waste at Yucca Mountain, Nye County, Nevada at H-1 (February 2002); DOE/EIS-
0161, Final Programmatic Environmental Impact Statement for Tritium Supply and Recycling,
Vol. I at 2-1'(October 1995) (evaluating environmental impacts of recycling and production of
tritium for nuclear weapons); DOE/EIS-0319, Final Environmental Impact Statement for the
Proposed Relocation of Technical Area 18 Capabilities and Materials at the Los Alamos
National Laboratory at iii, 5-1 (August 2002) (evaluating environmental impacts of sabotage on a
DOE research facility).

It also must be noted that the DOE recently issued guidance specifically directing that
“each DOE EIS and EA should explicitly consider intentional destructive acts. This applies to all
DOE proposed actions, including both nuclear and non-nuclear proposals.” December 1, 2006
Memorandum from Department of Energy to DOE NEPA Community. (Exhibit 4.1). .

38 Letter from Jeffrey T. Gasser, SNC, to U.S. Nuclear Regulatory Commission re: Vogtle
Electric Generating Plant, Application for License Renewal (June 20, 2003). A copy of the letter
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discussion of the potential imbacts on the new reactors if the existing reactor or its spent fuel
pool is successfully attacked. For example, if the Vogtle site is surrounded by high levels of
radiation as a result of an attack, and the new reactors are rendered inaccessible, could the safety
of thé new reactors be compromised? Or, might a new reactor be required to be shut down for
many years or permanently because the site is contaminated, causing huge economic and social
impacts?

Finally, the ER should evaluate a range of reasonable design alternatives to the pfoposed
action that would protect the environment from the potentially catastrophic environmental
impacts of a successful attack. Such alternatives should include below-ground construction,
recommended as a prudent design feature over 50 yeérs ago by Dr. Edward Teller, one of the

founders of the U.S. nuclear industry.>? Alternatives could also include passive safety features

(Accession # ML031760547) can be found on the NRC’s website at:
http://www.nrc.gov/reactors/operating/licensing/renewal/applications.html.

3 In a July 23, 1953, letter to the Joint Committee on Atomic Energy, Dr. Teller noted:

[t]he various committees dealing with reactor safety have come to the conclusion that
none of the powerful reactors built or suggested up to the present time are absolutely safe.
Though the possibility of an accident seems small, a release of the active products in a
city or densely populated area would lead to disastrous results. It has been therefore the
practice of these committees to recommend the observance of exclusion distances, that is,
to exclude the public from areas around reactors, the size of the area varying in
appropriate manner with the amount of radioactive poison that the reactor might release.
Rigid enforcement of such exclusion distances might hamper future development of
reactors to an unreasonable extent. In particular, the danger that a reactor might
malfunction and release its radioactive poison differs for different kinds of reactors. It is
my opinion that reactors of sufficiently safe types might be developed in the near future.
Apart from the basic construction of the reactor, underground location or particularly
thought-fully constructed safety devices might be considered.

Letter from Dr. Edward Teller to the Honorable Sterling Cole, Chairman of the Joint Committee
on Atomic Energy, United States Congress (emphasis added). A copy can be found on the
website of the Nuclear Age Peace Foundation at:
www.nuclearfiles.org/menu/library/correspondence/teller-edward/corr teller 1953-07-23.htm.
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advocated by Dr. Alvin Weinberg, a major contributor to the design of today’s pressurized water
and boiling water reactors, for the next generation of nuclear reactors. As described in Dr.
Weinberg’s papef, The Second Nuclear Era, these features, as included in the design for the
’ advanced “PIUS” reactor, can be relied on “without calling into action any active safety

equipment and without any human actions” and allow the plant to operate safely without human
attendance for an extended period.** Additionally, a panel of industry experts drafted an 800
page report in 1980 addressing designing future reactors to be more secure.*’ This report offered
a number of feasible, low-cost design changes to make nuclear plants less vulnerable to sabotage
and acts of terror. As not one of these low-co‘st changes appear in the so-called advanced reactor
designs, Petitioners request that SNC and NRC refer to this report and take these low-cost
changes into account.
Contention 5: Failure to evaluate energy alternatives

The ER for the Vogtle ESP is deficient because the Alternatives analysis is flawed on two
accounts: First, it is based on premature and incomplete information that cannot be adequately
assessed at this point in time, as Georgia Power has been ordered to submit a detailed assessment

of the maximum achievable cost effective potential for energy efficiency and demand response

Petitioners note that they were unable to obtain a copy of the original letter. The copy that is
attached is was retyped and posted on the website of the Nuclear Age Peace Foundation.
(Exhibit 4.2).

‘0 Alvin M. Weinberg, The Second Nuclear Era, Institute for Energy Analysis, Oak Ridge
Associated Universities at 35-26 (1984). The Second Nuclear Era can be found on the website
of the U.S. Office of Science and Technical Information at:
http://www.osti.gov/featuredsites/weinberg.shtml.

“1U.S. N.R.C., NUREG/CR-1345, Nuclear Power Plant Design Concepts for Sabotage
Protection, Vol. 1 & 2, January 1981. (excerpt attached as Exhibit 4.3)
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programs in its service area in 2007.* Second, it lacks a full and objective evaluation of all
reasonable alternatives.

Basis:

Even the very summary information contained in the ER regarding alternatives is
premature, and necessarily incomplete, as Georgia Power’s upcoming Integrated Resource Plan
to be filed with the Georgia Public Service Commission in January 2007 will not be fully
reviewed and analyzed until later in 2007. The ER is therefore also deficient because it fails to
state the degree to which energy efficiency can @eet projected demand. Indeed, Georgia Power
Company (co-owner of Plant Vogtle) did not include nuclear power as an option for meeting
future demand in its 2004 Integrated Resource Plan. Its next Integrated Resource Plan has not
been filed yet and will not even be reviewed by the Georgia Public Service Commission until
2007." Additionally, claims surrounding the need for power linked to the target value of 2,234
MWe for net electrical output for a proposed two-unit facility at VEGP have not been reviewed
by the Georgia Public Service Commission. The ER for the Vogtle ESP refers to the fact that no

determination of participation percentages of each co-owner has been made and that such

“2Docket No. 22449-U, Georgia Power Company Request for an Accounting Order, Final Order,
June 22, 2006, page 4. (Exhibit 5.1). Additionally, Georgia Power used planning procedures to
develop its 2004 Integrated Resource Plan that significantly understated the achievable cost
effective potential for energy efficiency in the utility’s service area. This flaw was serious
enough that the Georgia Public Service Commission decided to establish a Demand Side
Working Group to more fully assess demand side options. This Group is still operating and
ongoing data collection for Georgia Power’s upcoming 2007 Integrated Resource Plan review is
underway now. This data will not be available until at least next year.

3 There are other supply options available that have not been reviewed yet and cannot be
adequately reviewed until the 2007 Integrated Resource Planning process is completed.
Therefore, evaluation of supply alternatives is premature at this time. See Environmental Law
and Policy Center v. U.S. Nuclear Regulatory Commission, _ F.3d _ , 2006 WL 3490839 *7
(7" Cir. 2006)(indicating that it is reasonable for an applicant to defer such analysis until the
combined license application).
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determination is not likely to be made until 2008. Only a vague, uncertain summary of who will
use the additional, proposed new capacity is included in the ER. This is simply insufficient.

~ Further, no specific proposal for building new nuclear reactors has been filed with or
approved by the Georgia Public Service Commission.** Another example of a deficiency in the
ER is that there is significant, untapped energy efficiency potential in the service territory of the
applicant utilities. The 2005 study by ICF®, cited in the ER at p. 9.2-4, documents significant
under-utilization of demand side resources that are readily available.*S If deployed, these
demand side resources could significantly offset the need for new capacity in the future. Of note,
the ICF study done for Georgia is recognized to be conservative in its estimates and is also not
reflective of recent fuel price increases that Georgia utilities have experienced which in turn
make the cost effective potential for energy efficiency higher. It is recognized that the ICF study
produced energy efficiency results at the low end of other energy efficiency potential studies.
The ER fails to pfesent the fuller scenario and analyses for demand side options available to the

Georgia utilities and focuses instead on the limited and inadequate information that Georgia

*In response to Georgia Power Company’s request for an accounting order to record certain
early site permitting and construction operation license costs, the Georgia Public Service
Commission stated the following in its order of June 22, 2006: “The Commission will complete
its examination of the prudence of GPC's costs before rates are adjusted to reflect the costs
incurred and accumulated in Account 183. Nothing in this Accounting Order shall be construed
as prejudging the prudence of the decision to incur preliminary survey and investigatory charges.
Nor shall anything in this Accounting Order be construed as prejudging the prudence of the
individual charges incurred in pursuit of the preliminary survey and investigation of nuclear
power or the outcome of the 2007 Integrated Resource Planning proceeding or any subsequent
certification proceedings.” In Re: Georgia Power Company Request for an Accounting Order,
supra. (Exhibit 5.1).

** ICF Consulting, Georgia Environmental Facilities Authority Assessment of Energy Efficiency
Potential in Georgia Final Report, May 5, 2005 at Chapter 3. (excerpt attached as Exhibit 5.2).

4 See ICF Consulting, Georgia Environmental Facilities Authority Assessment of Energy
Efficiency Potential in Georgia Final Report, May 5, 2005 at Chapter 3. (excerpt attached as
Exhibit 5.2). ‘
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Power presented to the Georgia Public Service Commission during the last Integrated Resource

Plan proceedings held in 2004.%

Conclusion

For the foregoing reasons, the petition and contentions should be admitted.

Respectfully submitted this 11" day of December, 2006,

— 4L [ (g1

aclean D. Ast
La nce D. Sanders
Turner Environmental Law Clinic
Emory University School of Law
1301 Clifton Road
Atlanta, GA 30322
(404) 727-3432
Email: masbili@law.emory.edu

*" The ER ignores Combined Heat & Power potential and makes no mention of this resource. A
2005 Energy and Environmental Analysis (EEA) study done on combined heat & power (CHP)
in the Southeast estimated that Georgia has-the technical potential for an additional 6,445 MW of
combined heat & power capacity (2,615 commercial and 3,830 industrial) based on existing
facilities only. Bruce Hedman, Energy and Environmental Analysis (EEA), Southeast Planning
Session: CHP Market Review, July 6, 2005 at p.22. A significant percentage of the technical
potential for CHP is estimated to be economic. Further, Section 9.2.2.6 of the ER fails to
identify which biomass energy generating technologies and biomass feedstocks were analyzed.
In Georgia, some biomass energy technologies, particularly those utilizing gasification
technologies, along with some existing biomass feedstocks, such as pecan hulls, pine bark, and
poultry litter, among others, could be more cost effective and should be studied as alternatives to
new nuclear reactors. Also, claims made in Section 9.2.2.11 Integrated Gasification Combined
Cycle (IGCC) presume that the stated risks for cost-of-service utilities of new IGCC facilities are
greater than the risks of building new nuclear reactors whereas an overall risk comparison has
not been made available nor has it been reviewed yet by the Georgia Public Service Commission.
Lastly, Section 10.4 Benefit-Cost Balance, Section 10.4.1.2 of the ER only analyzes the option of
natural gas. Other baseload options including biomass and IGCC should be analyzed, and until
they are, the ER remains deficient. See fn 1, supra, discussing inadequacies of the 2004
Integrated Resource Plan.
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S (e Ciaino
Diane Curran &) Moy
Harmon, Curran, Speilberg & Eisenberg, LLP
1726 M Street N.W., Suite 600
Washington, D.C. 20036
(202) 328-3500
Email: dcurran@harmoncurran.com
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

)
In the Matter of )

) Docket No. 52-011
- Southern Nuclear Operating Company, Inc. )
)
Early Site Permit for Plant Vogtle ESP Site )
)
)

DECLARATION OF SUSAN BLOOMFIELD
Under penalty of perjury, Susan Bloomfield declares as follows:

1. My name is Susan Bloomfield. I am a member of the Southern Alliance for Clean
Energy (“SACE”).

2. Ilive at 14 Raintree Place, Augusta, GA 30309. My home lies within 35 to 36 miles of
the Plant Vogtle site in Burke County, GA, owned by Georgia Power Company,
Oglethorpe Power Corporation, the Municipal Electric Authority of Georgia, and the City
of Dalton for which Southern Nuclear Operating Company, Inc. has applied to the U.S.
Nuclear Regulatory Commission (“NRC”) for an Early Site Permit to construct one or
more new nuclear power reactors.

3. I believe that the Plant Vogtle ESP application is inadequate as written and that my
interests will not be adequately represented in this action without the opportunity of
Petitioner to intervene as a party in the proceeding on my behalf. Further, I also believe
that these facilities are inherently dangerous, and that construction of one or more new
nuclear reactors so close to my home could pose a grave risk to my health and safety. In
particular, I am concerned that if an accident involving atmospheric release of
radiological material were to occur, I could be killed or become very ill.

4. Therefore, I have authorized the Southern Alliance for Clean Energy to represent my
interests in this proceeding by opposing the issuance of an Early Site Permit to the
Southern Nuclear Operating Company, Inc.

)JMJ@(UZM W/

Susan Bloomﬁeld

Dated: /////‘5“/50/




UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY
)
In the Matter of )
) Docket No. 52-011
Southern Nuclear Operating Company, Inc. )
-)
Early Site Permit for Plant Vogtle ESP Site )
‘ )
)

DECLARATION OF DAVID J. MATOS
Under penalty of perjury, David J. Matos declares as follows:

1. My name is David J. Matos. I am a member of the Southern Alliance for Clean Energy
(“SACE”)..

2. Ilive at 707 Palm Drive, Aiken, South Carolina 29803. My home lies within 50 to 51
miles of the Plant Vogtle site in Burke County, GA, owned by Georgia Power Company,
Oglethorpe Power Corporation, the Municipal Electric Authority of Georgia, and the City
of Dalton for which Southern Nuclear Operating Company, Inc. has applied to the U.S.
Nuclear Regulatory Commission (“NRC”) for an Early Site Permit to construct one or
more new nuclear power reactors. '

3. I believe that the Plant Vogtle ESP application is inadequate as written and that my
interests will not be adequately represented in this action without the opportunity of
Petitioner to intervene as a party in the proceeding on my behalf. Further, I also believe
that these facilities are inherently dangerous, and that construction of one or more new
nuclear reactors so close to my home could pose a grave risk to my health and safety. In
particular, I am concerned that if an accident involving atmospheric release of
radiological material were to occur, I could be killed or become very ill.

4. Therefore, I have authorized SACE to represent my interests in this proceeding by

opposing the issuance of an Early Site Permit to the Southern Nuclear Operating
Company, Inc.

DavidyJ\Mato.s ﬂ
Dated: (D / A 5
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
BEFORE THE SECRETARY

)
In the Matter of )

) Docket No. 52-011
Southern Nuclear Operating Company, Inc. )
)
Early Site Permit for Plant Vogtle ESP Site )
)
)

DECLARATION OF WILLIAM J. MARESKA
Under penalty of perjury, William J, Mareska declares as follows.

1. My name is William J. Mareska. I am a member of the Southern Alliance for Clean
Energy (“SACE”). I am also a member of Savannah Riverkeeper.

2. Ilive a1 14 Raintree Place, Augusta, GA 30309. My home lies within 35 to 36 miles of
the Plant Vogtle site in Burke County, GA, owned by Georgia Power Company,
Oglethorpe Power Corporation, the Municipal Electric Authority of Georgia, and the City
of Dalton for which Southern Nuclear Operating Company, Inc. has applied to the U.S.
Nuclear Regulatory Commission (“NRC”) for an Early Site Permit to construct one or
more new nuclear power reactors.

3. 1 work at 3802 Washington Road, Martinez, GA 30307. My business lies within 36 to

37 miles of the Plant Vogtle site in Burke County, GA.

4. L believe that the Plant Vogtle ESP application is inadequate as written and that my
interests will not be adequately represented in this action without the opportunity of
Petitioner to intervene as a party in the proceeding on my behalf. Further, I also believe
that these facilities are inherently dangerous, and that construction of one or more new
nuclear reactors so close to my home could pose a grave risk to my health and safety. In
particular, I am concerned that if an accident involving atmospheric release of
radiological material were to occur, I could be killed or become very ill.

5. Therefore, I have authonzed the Southern Alliance for Clean Energy and Savannah
Riverkeeper to represent my interests in this proceeding by opposing the issuance of an
Early Site Permit to the So Nuclear Operating Company, Inc.




UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

)
In the Matter of )

) Docket No. 52-011
Southern Nuclear Operating Company, Inc. )

)
Early Site Permit for Plant Vogtle ESP Site )

)

)

DECLARATION OF FRANK CARL
Under penalty of perjury, Frank Carl declares as follows:

1. My name is Frank Carl. I am a member, and Executive Director, of Savannah
Riverkeeper.

2. I'live at 1226 River Ridge Road, Augusta, GA 30909. My home lies within 39 and 40
miles of the Plant Vogtle site in Burke County, GA, owned by Georgia Power Company,
Oglethorpe Power Corporation, the Municipal Electric Authority of Georgia, and the City
of Dalton for which Southern Nuclear Operating Company, Inc. has applied to the U.S.
Nuclear Regulatory Commission (“NRC?) for an Early Site Permit to construct one or
more new nuclear power reactors.

3. I believe that the Plant Vogtle ESP application is inadequate as written and that my
interests will not be adequately represented in this action without the opportunity of
Petitioner to intervene as a party in the proceeding on my behalf. Further, I also believe
that these facilities are inherently dangerous, and that construction of one or more new
nuclear reactors so close to my home could pose a grave risk to my health and safety. In
particular, I am concerned that if an accident involving atmospheric release of
radiological material were to occur, I could be killed or become very ill.

4. Therefore, I have authorized the Savannah Riverkeeper to represent my interests in this
proceeding by opposing the issuance of an Early Site Permit to the Southern Nuclear
Operating Company, Inc.

Frank Carl

ADated: /L/C%/O‘é)




UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

)
In the Matter of )

) Docket No. 52-011
Southern Nuclear Operating Company, Inc. )

)
Early Site Permit for Plant Vogtle ESP Site )

)

)

DECLARATION OF MIKE STACY
Under penalty of perjury, Mike Stacy declares as follows:
1. My name is Mike Stacy, and I am a member of Savannah Riverkeeper.

2. Ilive at 298 Prep Phillips Drive, Augusta, GA 30901. My home lies within 33 to 34
miles of the Plant Vogtle site in Burke County, GA, owned by Georgia Power Company,
Oglethorpe Power Corporation, the Municipal Electric Authority of Georgia, and the City
of Dalton for which Southern Nuclear Operating Company, Inc. has applied to the U.S.
Nuclear Regulatory Commission (“NRC”) for an Early Site Permit to construct one or
more new nuclear power reactors.

3. I believe that the Plant Vogtle ESP application is inadequate as written and that my
interests will not be adequately represented in this action without the opportunity of
Petitioner to intervene as a party in the proceeding on my behalf. Further, I also believe
that these facilities are inherently dangerous, and that construction of one or more new
nuclear reactors so close to my home could pose a grave risk to my health and safety. In
particular, I am concerned that if an accident involving atmospheric release of
radiological material were to occur, I could be killed or become very ill.

4. Therefore, I have authorized Savannah Riverkeeper to represent my interests in this
proceeding by opposing the issuance of an Early Site Permit to the Southern Nuclear
Operating Company, Inc.

Mike Stacy

Dated: D€c '7/ J2006



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

)
In the Matter of )

) Docket No. 52-011
Southern Nuclear Operating Company, Inc. )

)
Early Site Permit for Plant Vogtle ESP Site )

)

)

DECLARATION OF SAM BOOHER
Under penalty of perjury, Sam Booher declares as follows:
1. My name is Sam Booher. I am a member of the Center for a Sustainable Coast.

2. I live at 4387 Roswell Drive, Augusta, GA 30907. My home lies within 38 to 39 miles
of the Plant Vogtle site in Burke County, GA, owned by Georgia Power Company,
Oglethorpe Power Corporation, the Municipal Electric Authority of Georgia, and the City
of Dalton for which Southern Nuclear Operating Company, Inc. has applied to the U.S.
Nuclear Regulatory Commission (“NRC”) for an Early Site Permit to construct one or
more new nuclear power reactors.

3. I believe that the Plant Vogtle ESP application is inadequate as written and that my
interests will not be adequately represented in this action without the opportunity of
Petitioner to intervene as a party in the proceeding on my behalf. Further, I also believe
that these facilities are inherently dangerous, and that construction of one or more new
nuclear reactors so close to my home could pose a grave risk to my health and safety. In
particular, I am concerned that if an accident involving atmospheric release of
radiological material were to occur, I could be killed or become very ill.

4. Therefore, I have authorized the Center for a Sustainable Coast to represent my
interests in this proceeding by opposing the issuance of an Early Site Permit to the
Southern Nuclear Operating Company, Inc.

Sam Booher

Dated: /7//49‘4 £ /Zﬁﬁé




UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY
)
In the Matter of )
)i Docket No. 52-011
Southern Nuclear Operating Company, Inc. )
)
Early Site Permit for Plant Vogtie ESP Site )
)
)

DECLARATION OF JUDY JENNINGS
Under penalty of perjury, Judy Jennings declares as follows:
1. My name is Judy Jennings. I am a member of the Center for a Sustainable Coast.

2. Ilive at 7609 La Roche Avenue, Savannah, GA 31406. My home lies off the Savannah
River and downstream of the Plant Vogtle site in Burke County, GA, owned by Georgia
Power Company, Oglethorpe Power Corporation, the Municipal Electric Authority of
Georgia, and the City of Dalton for which Southern Nuclear Operating Company, Inc.
has applied to the U.S. Nuclear Regulatory Commission (“INRC”) for an Early Site
Permit to construct one or more new nuclear power reactors.

3. My family and I spend many hours recreating in and by the Savannah River. I am
concerned that the increase in hazardous material, and the increased cumulative impacts,
in the Savannah River caused by one or more new nuclear reactors at the Plant Vogtle
site will impact me and my family’s recreational enjoyment of the Savannah River and its
downstream tributaries.

4. The Savannah River provides drinking water for the town of Savannah, and my family
and I drink this municipal water. I am concerned that the increase in hazardous materials
in the water due to the new reactor, imcluding tritium, will be harmfuat to our health.

5. In the event of a nuclear emergency at the Plant Vogtle site, my health and safety, and
that of my family, would be affected by the radiological exposure, particularly because of
my location downstream of the Plant Vogtle site.

4. I believe that the Plant Vogtle ESP application is inadequate as written and that my
interests will not be adequately represented in this action without the opportunity of
Petitioner to intervene as a party in the proceeding on my behalf. Further, I also believe
that these facilities are inherently dangerous, and that construction of one or more new



nuclear reactors so close to my home could pose a grave risk to my health and safety. In
particular, I am concerned that if an accident involving atmosphertc release of
radiological material were to occur, I could be killed or become very ill.

5. Therefore, I have authorized the Center for a Sustainable Coast to represent my
interests in this proceeding by opposing the issuance of an Early Site Permit to the
Southermn Nuclear Operating Company, Inc.

SN

AT S
Dated: Y % — Z"é




UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

)
In the Matter of )

) Docket No. 52-011
Southern Nuclear Operating Company, Inc. )

)
Early Site Permit for Plant Vogtle ESP Site )

)

)

DECLARATION OF KAREN GRAINEY
Under penalty of perjury, Karen Grainey declares as follows:
1. My name is Karen Grainey. I am a member of the Center for a Sustainable Coast.

2. Ilive at 316 Tanglewood Road, Savannah, GA 31419. My home lies off the Savannah
River and downstream of the Plant Vogtle site in Burke County, GA, owned by Georgia
Power Company, Oglethorpe Power Corporation, the Municipal Electric Authority of
Georgia, and the City of Dalton for which Southern Nuclear Operating Company, Inc.
has applied to the U.S. Nuclear Regulatory Commission (“NRC”) for an Early Site
Permit to construct one or more new nuclear power reactors.

3. My family and I spend many hours recreating in and by the Savannah River. I am
concerned that the increase in hazardous material, and the increased cumulative impacts,
in the Savannah River caused by one or more new nuclear reactors at the Plant Vogtle
site will impact me and my family’s recreational enjoyment of the Savannah River and its
downstream tributaries.

4. The Savannah River provides drinking water for the town of Savannah, and my family
and I drink this municipal water. I am concerned that the increase in hazardous materials
in the water due to the new reactor, including tritium, will be harmful to our health.

5. In the event of a nuclear emergency at the Plant Vogtle site, my health and safety, and
that of my family, would be affected by the radiological exposure, particularly because of
my location downstream of the Plant Vogtle site.

4. 1 believe that the Plant Vogtle ESP application is inadequate as written and that my
interests will not be adequately represented in this action without the opportunity of
Petitioner to intervene as a party in the proceeding on my behalf. Further, I also believe
that these facilities are inherently dangerous, and that construction of one or more new



nuclear reactors so close to my home could pose a grave risk to my health and safety. In
particular, I am concerned that if an accident involving atmospheric release of
radiological material were to occur, I could be killed or become very ill.

5. Therefore, 1 have authorized the Center for a Sustainable Coast to represent my
interests in this proceeding by opposing the issuance of an Early Site Permit to the
Southern Nuclear Operating Company, Inc.

4’4% éﬁ/%w@/

/Karen Gralney

Dated: _/ Q/@/ZO&Q
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

)
In the Matter of )
. ) Docket No. 52-011

Southern Nuclcar Operating Company, Inc. )
)

Early Site Permit for Plant Vogtle ESP Site )
)

)

DECLARATION OF TERENCE ALTON DICKS
Under penalty of perjury Terence Alton Dicks declared as follows:

1. My name is Terence Alton Dicks. I am a member of Atlanta Women’s Actjon for New
Dircetions (WAND), which is the only Georgia chapter of WAND,

2. Thve at 2007-A Steiner Ave., Augusta, GA 30901, My home lics within 29 to 30 milcs
of the Plant Vogtle site in Burke County, GA, owned by Georgia Power Company,
Oglethorpe Power Corporation, the Municipal Electric Authority of Georgia, and the City
of Dalton for which Southern Nuclear Operating Company, Inc. has applied to the U.S.
Nuclear Regulatory Commission (“NRC™) for an Farly Site Permit to construct one or
more new nuclear power reactors.

3. I believe that the Plant Vogtle ESP application is inadequate as written and that my
interests will not be adequately represented in this action without the opportunity of

" Petitioner 1o intervenc as a party in the procecding on my behall. Further, 1 also believe
that these facilitics are inherently dangerous, and that construction of one or more new
nuclear reactors so close to my home could pose a grave risk to my health and safety. In
particular, [ am concerned that if an accident involving atmospheric release of
radiological material were 1o occur, T could be killed or become very ill,

4. Therefore, T have authorized Atlanta WAND to represent my interests in this
proceeding by opposing the issuance of an Early Site Permit to the Southern Nuclear
Operating Company, Inc.

— 7 e

Térence Alton Dicks ¢ / é_’V/ -

Dated: ")\e‘(, "]” Le o e
N




UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

)
In the Matter of )

) Docket No. 52-011
Southern Nuclear Operating Company, Inc. )

)
Early Site Permit for Plant Vogtle ESP Site )

)

)

DECLARATION OF JUDITH LORRAINE STOCKER
Under penalty of perjury Judith Lorraine Stocker declared as follows:

1. My name is Judith Lorraine Stocker. I am a member of Atlanta Women’s Action for
New Directions (WAND), which is the only Georgia chapter of WAND.

2. I live at 108 Rhodes Lee Street, Keysville, Georgia, 30816-4413. My home lies within
36 to 37 miles of the Plant Vogtle site in Burke County, GA, owned by Georgia Power
Company, Oglethorpe Power Corporation, the Municipal Electric Authority of Georgia,
and the City of Dalton for which Southern Nuclear Operating Company, Inc. has applied
to the U.S. Nuclear Regulatory Commission (“NRC”) for an Early Site Permit to
construct one or more new nuclear power reactors.

3. I believe that the Plant Vogtle ESP application is inadequate as written and that my
interests will not be adequately represented in this action without the opportunity of
Petitioner to intervene as a party in the proceeding on my behalf. Further, I also believe
that these facilities are inherently dangerous, and that construction of one or more new
nuclear reactors so close to my home could pose a grave risk to my health and safety. In
particular, I am concerned that if an accident involving atmospheric release of
radiological material were to occur, I could be killed or become very ill.

4. Therefore, I have authorized Atlanta WAND to represent my interests in this
proceeding by opposing the issuance of an Early Site Permit to the Southern Nuclear
Operating Company, Inc. :

rd

Cr -
el Pt AL, 4 G F Tl )
Judith Lorraine Stockef

Datedzgga%7éé/f '5 M07/
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFPORE THE SECRETARY

ene

In the Maztter of
Docket No. 52.011

Southern Nuclear Operating Company, Inc.
Early Sitc Permit for Plant Vogtle ESP Sitc

o " o o N e e N

PECLARATION OF GWENDOLYN WALKER
Under penalty of perjury, Gwendolyn Walker declares as follows:

1. My name is Gwendofyn Walker, T am 2 meamber of Atlanta WAND, which is the only
Georgia chapter of WAND.

2.1 live at 1108 Allen Street, Allendale, SC 29810. My home lies within 40 miles of the
Plant Vogtle xite in Burke County, GA, owncd by Georgia Power Company, Oglethorpe
Power Corporation, the Municipal Electric Authority of Georgin, and the City of Dalton
for which Southem Nuclear Operating Company, Inc. has applied to the U.S. Nuclear
Regulatory Commission ('NRC™) for an Early Site Permil to construct one or more new
nuclear power reactors. .

4, | believe that the Plamt Vogtle ESP application is inzdequate as written and that my
interests will not be adequately represented in this action without the opportunity of
Pelioner 10 intervene as a party in the procecding on my behalf. Further, | also believe
that these facilitics are inherently dangcrous, and that construction of one or more new
nuclear reactors 5o closc to my homc could posc a grave xisk (o my heulth and safety. Tn
particular, 1 am concerncd that if an accident involving atmospheric release of
rudiological material were to occur, I could be killed or become very il

§. Therefore. I have suthorized Atlents WAND Lo represent my interests in this
ccesling by opposing the issuance of an Barly Site Peymit (o the Southemn Nuclcar

" pase: /,,zl/ //// L
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY
)
In the Matter of )
Southern Nuclear Operating Company, Inc. )
Early Site Permit for Vogtle ESP. Site )
Docket No. 52-011 )
)

DECLARATION OF CARMY L, BARBER

Under penalty of perjury,  Corey K, Zorber declares as follows:

1. My name is Qar =¥ "h . b S,ﬁl'?tl/’ . Tam a member of Blue Ridge
Environmental Defense L[eague.

Ny - . N
2. Iliveat a‘\qu loalnxl Ul HL DL& ZI ba /l fA— 5“‘?’5
My home lies within _5'¢&  miles of the site in Burke County, Georgia, Jomtly owned

by Georgia Power, Oglethorpe Power Corporation, Municipal Electric Authority of
Georgia and the City of Dalton for which Southern Nuclear Operating Company, Inc. has
applied to the U.S. Nuclear Regulatory Commission ("NRC") for an Early Site Permit for
the construction of one or more new nuclear power plants.

3. Although no design for a new nuclear plant has been submitted, based on historical
experience with nuclear reactors to date, I believe that these facilities are inherently
dangerous. Therefore, construction of one or more new nuclear reactors so close to my
home could pose a grave risk to my health and safety. In particular, I am concerned that
if an accident involving atmospheric release of radiological material were to occur, I
could be killed or become very ill.

4. Therefore, I have authorized Blue Ridge Environmental Defense League to represent

my interests in this proceeding by opposing the issuance of an Early Site Permit to
Southern Nuclear Operating Company, Inc.

\/é@/p@; 2 Vsl

(Signature)

Dated: () Abo 0y

061012



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

_ )
In the Matter of )

Southern Nuclear Operating Company, Inc. )
Early Site Permit for Vogtle ESP Site )
Docket No. 52-011 ' )

)

DECLARATION OF AUDRA ROPER

Under penalty of perjury, iudre Rpper declares as follows:

1. My name is A UuDiZA R opE K . I am a member of Blue Ridge
Environmental Defense League.

2. Hiveat [445 Aylessury Drive . ENans 4R 30509
My home lies within S d} miles of the site in Burke County, Gedrgia, jointly owned
by Georgia Power, Oglethorpe Power Corporation, Municipal Electric Authority of

“Georgia and the City of Dalton for which Southern Nuclear Operating Company, Inc. has
applied to the U.S. Nuclear Regulatory Commission ("NRC") for an Early Site Permit for
the construction of one or more new nuclear power plants.

3. Although no design for a new nuclear plant has been submitted, based on historical
experience with nuclear reactors to date, I believe that these facilities are inherently
dangerous. Therefore, construction of one or more new nuclear reactors so close to my
home could pose a grave risk to my health and safety. In particular, I am concerned that
if an accident involving atmospheric release of radiological material were to occur, I
could be killed or become very ill.

4. Therefore, I have authorized Blue Ridge Environmental Defense League to represent
my interests in this proceeding by opposing the issuance of an Early Site Permit to
Southern Nuclear Operating Company, Inc.

Dl Lo

(Siggature)

VDated: l;"’l"O(ﬂ
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

)
In the Matter of )
Southern Nuclear Operating Company, Inc. )

Early Site Permit for Vogtle ESP. Site )
Docket No. 52-011 )
)
DECLARATION OF ____ ©14 PULS
Under penalty of perjury, £3& Iulke declares as follows:
1. My name is )ﬁ\\ 1 Lu k*& . Tam a member of Blue Ridge

Environmental Defense League.

2. Thiveat 423) |\ undual ley ¥ \ Qissipden. G A 20

My home lies within _ & ) miles of the site in-Burke County Georgia, jointly owned
by Georgia Power, Oglethorpe Power Corporation, Municipal Electric Authority of
Georgia and the City of Dalton for which Southern Nuclear Operating Company, Inc. has
applied to the U.S. Nuclear Regulatory Commission ("NRC") for an Early Site Permit for
the construction of one or more new nuclear power plants.

3. Although no design for a new nuclear plant has been submitted, based on historical
experience with nuclear reactors to date, I believe that these facilities are inherently
dangerous. Therefore, construction of one or more new nuclear reactors so close to my
home could pose a grave risk to my health and safety. In particular, I am concerned that
if an accident involving atmospheric release of radiological matenal were to occur, I
could be killed or become very ill.

4. Therefore, I have authorized Blue Ridge Environmental Defense League to represent

my interests in this proceeding by opposing the issuance of an Early Site Permit to
Southern Nuclear Operating Company, Inc.

Vo, 8.6 o
/\L}I) ! 'M « "; i LA r!v‘g\_,

(Signature)

Dated: \\ - Nig

061012



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

)
In the Matter of )
Southern Nuclear Operating Company, Inc. )
Early Site Permit for Vogtle ESP.Site )
Docket No. 52-011 )

)
Under penalty of perjury Chorles . Barber Sf¥eclares as follows:

1. My name 1s l‘\i\{ @< w R"\(b}r S;{\ I am a member of Blue Ridge

Environmental Defense League.

2. Tiveat KR Tealind  [Dr \J\(’ Dlr a3 bl G SoPrST

My home lies within &5 €  miles of the site in- Burke County, Georg1a jointly owned
by Georgia Power, Oglethorpe Power Corporation, Municipal Electric Authority of
Georgia and the City of Dalton for which Southern Nuclear Operating Company, Inc. has
applied to the U.S. Nuclear Regulatory Commission ("NRC") for an Early Site Permit for
the construction of one or more new nuclear power plants.

3. Although no design for a new nuclear plant has been submitted, based on historical
experience with nuclear reactors to date, I believe that these facilities are inherently
dangerous. Therefore, construction of one or more new nuclear reactors so close to my
home could pose a grave risk to my health and safety. In particular, I am concerned that
if an accident involving atmospheric release of radiological material were to occur, I
could be killed or become very ill.

4. Therefore, I have authorized Blue Ridge Environmental Defense League to represent
my interests in this proceeding by opposing the issuance of an Early Site Permit to
Southern Nuclear Operating Company, Inc.

(LS

(Slgna%ure)

pated: ()] e 2060

061012



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

)
In the Matter of )
Southern Nuclear Operating Company, Inc. )
Early Site Permit for Vogtle ESP-Site )
Docket No. 52-011 )

D)

DECLARATION OF MITDRED L. WiAlKeR

. A Y e T ', ":TL_‘ _{; DY
Under penalty of perjury, 8084 L. e el declares as follows:

1. My name is 2224" égé P ;Q-:;Z )i alf ;- 1am a member of Blue Ridge
Environmental Defense League.

2 lliveat 2503 [faklersod by Kd Heghzilah En 308/
My home lies within __ ¢ miles of the site fn Burkt éoung, Georgia, }Bintly owned
by Georgia Powef, Oglethorpe Power Corporation, Municipal Electric Authority of
Georgia and the City of Dalton for which Southern Nuclear Operating Company, Inc. has
applied to the U.S. Nuclear Regulatory Commission ("NRC") for an Early Site Permit for

~ the construction of one or more new nuclear power plants.

3. Although no design for a new nuclear plant has been submitted, based on historical
experience with nuclear reactors to date, I believe that these facilities are inherently
dangerous. Therefore, construction of one or more new nuclear reactors so close to my
home could pose a grave risk to my health and safety. In particular, I am concerned that
if an accident involving atmospheric release of radiological material were to occur, I
could be killed or become very ill.

4. Therefore, I have authorized Blue Ridge Environmental Defense League to represent
my interests in this proceeding by opposing the issuance of an Early Site Permit to
Southern Nuclear Operating Company, Inc.

Pt S e e

(Signature)

Dated: //'— /RA— o &

061012



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY
)
In the Matter of )
Southern Nuclear Operating Company, Inc. )

Early Site Permit for Vogtle ESP.Site
Docket No. 52-011 ’

DECLARATION OF CICEAC LUKZ

Under penalty of perjury, declares as follows:

1. My name 1s C"'.ﬂ, ey Z\; (,L/\/P . I am a member of Blue Ridge
Environmental Defense League.

2. Tivest Y338 Woodvalley Plece Hugus?y, Ch. 3004 .
My home lies within 5 miles 6f the site in'Burke'Countf, Georgia, jointly owned
by Georgia Power, Oglethorpe Power Corporation, Municipal Electric Authority of
Georgia and the City.of Dalton for which Southern Nuclear Operating Company, Inc. has
applied to the U.S. Nuclear Regulatory Commission ("NRC") for an Early Site Permit for
the construction of one or more new nuclear power plants.

3. Although no design for a new nuclear plant has been submitted, based on historical
experience with nuclear reactors to date, I believe that these facilities are inherently
dangerous. Therefore, construction of one or more new nuclear reactors so close to my
home could pose a grave risk to my health and safety. In particular, [ am concerned that
if an accident involving atmospheric release of radiological material were to occur, I
could be killed or become very ill.

4. Therefore, I have authorized Blue Ridge Environmental Defense League to represent
my interests in this proceeding by opposing the issuance of an Early Site Permit to
Southern Nuclear Operating Company, Inc.

(Signature) . —

Dated: //" ]ﬁ”ﬁé

061012



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY
)
In the Matter of )
Southern Nuclear Operating Company, Inc. )
Early Site Permit for Vogtle ESP. Site )
Docket No. 52-011 )
)
DECLARATION OF CYL. 71T RICHARDSON

. Toritildn Richardisor
Under penalty of perjury,  C5i1Tila AlCNAriSOLl  declares as follows:

1. My name is (L;,'/] %4, ‘4 ﬂ ‘CA G//Jan . I am a member of Blue Ridge
Environmental Défense League.

2. /1 iveat LK 24 Cooitey O fegco b &) BOTDY

My home lies within < O mifes of the site in-Burke County, Georgia, jointly owned
by Georgia Power, Oglethorpe Power Corporation, Municipal Electric Authority of
Georgia and the City of Dalton for which Southern Nuclear Operating Company, Inc. has
applied to the U.S. Nuclear Regulatory Commission ("NRC") for an Early Site Permit for
the construction of one or more new nuclear power plants.

3. Although no design for a new nuclear plant has been submitted, based on historical
experience with nuclear reactors to date, I believe that these facilities are inherently
dangerous. Therefore, construction of one or more new nuclear reactors so close to my
home could pose a grave risk to my health and safety. In particular, I am concerned that
if an accident involving atmospheric release of radiological material were to occur, I
could be killed or become very ill.

4. Therefore, I have authorized Blue Ridge Environmental Defense League to represent

my interests in this proceeding by opposing the issuance of an Early Site Permit to
Southern Nuclear Operating Company, Inc.

(S1 gﬁ ature)

Dated: //*ﬁ 9\'(Qé

061012



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY
)
In the Matter of )
Southern Nuclear Operating Company, Inc. )
Early Site Permit for Vogtle ESP. Site )
Docket No. 52-011 )
)

DECLARATION OF _ SHIRLEY CO

Under penalty of perjury,  Shirley Coleuor declares as follows:

1. My name is Sh\ ('ke_q 013 (}-Q M . I am a member of Blue Ridge

Environmental Defense Leaglhe.

2. Tiveat_ 4353 Cree Kiiew D CQ’LK(/;&A) Dr. Heph £ 30415

My home lies within. é& miles of the site in Burke County, Georgia, j?ntly owned

by Georgia Power, Oglethorpe Power Corporation, Municipal Electric Authority of
Georgia and the City of Dalton for which Southern Nuclear Operating Company, Inc. has
applied to the U.S. Nuclear Regulatory Commission ("NRC") for an Early Site Permit for
the construction of one or more new nuclear power plants.

3. Although no design for a new nuclear plant has been submitted, based on historical
experience with nuclear reactors to date, I believe that these facilities are inherently
dangerous. Therefore, construction of one or more new nuclear reactors so close to my
home could pose a grave risk to my health and safety. In particular, I am concerned that
if an accident involving atmospheric release of radiological material were to occur, I
could be killed or become very ill.

4. Therefore, I have authorized Blue Ridge Environmental Defense League to represent
my interests in this proceeding by opposing the issuance of an Early Site Permit to

061012



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

)
In the Matter of )
Southern Nuclear Operating Company, Inc. )
Early Site Permit for Vogtle ESP- Slte )
Docket No. 52- Ol 1 )

)

DECLARATION OF  LEATHER OG LESBY
Under penalty of perjury, Heather Oglescy declares as follows:
4 B! / _

1. My name is /L/ eI Nos Oo\/ F,SL) 4 . T am a member of Blue Ridge
Environmental Defense League. { _/

2 Viveasr 28507 Church S/ Hoplei b, A4
My home lies within 4 (2 miles of the site in Burké County, Georgla jointly owned
by Georgia Power, Oglethorpe Power Corporation, Municipal Electric Authority of
Georgia and the City of Dalton for which Southern Nuclear Operating Company, Inc. has
applied to the U.S. Nuclear Regulatory Commission ("NRC") for an Early Site Permit for
the construction of one or more new nuclear power plants.

3. Although no design for a new nuclear plant has been submitted, based on historical
experience with nuclear reactors to date, I believe that these facilities are inherently
dangerous. Therefore, construction of one or more new nuclear reactors so close to my
home could pose a grave risk to my health and safety. In particular, I am concerned that
if an accident involving atmospheric release of radiological material were to occur, I
could be killed or become very ill.

4. Therefore, I have authorized Blue Ridge Environmental Defense League to represent
my interests in this proceeding by opposing the issuance of an Early Site Permit to
Southern Nuclear Operating Company, Inc.

///Kj/g/ oy~

(S1gnam¢r/e)
Dated: / / (ﬁj [ é

061012



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY
. )
In the Matter of : )
Southern Nuclear Operating Company, Inc. )
Early Site Permit for Vogtle ESP.- Site )
Docket No. 52-011 )
)

: Ml oroarnce Guidry
Under penalty of perjury, Clarence Guicry declares as follows:

1. My name is C//a/{“e ndp, é—uIDR/ . Tam a member of Blue Ridge

Environmental Defense League.

2. Iliveat r Y ) ' 6‘ 2]

My home lies within miles of the site in'Burke County, Georgia, jointly owned
by Georgia Power, Oglethorpe Power Corporation, Municipal Electric Authority of
Georgia and the City. of Dalton for which Southern Nuclear Operating Company, Inc. has
applied to the U.S. Nuclear Regulatory Commission ("NRC") for an Early Site Permit for
the construction of one or more new nuclear power plants.

3. Although no design for a new nuclear plant has been submitted, based on historical
experience with nuclear reactors to date, I believe that these facilities are inherently
dangerous. Therefore, construction of one or more new nuclear reactors so close to my
home could pose a grave risk to my health and safety. In particular, I am concerned that
if an accident involving atmospheric release of radiological material were to occur, I
could be killed or become very ill.

4. Therefore, I have authorized Blue Ridge Environmental Defense League to represent
my interests in this proceeding by opposing the issuance of an Early Site Permit to
Southern Nuclear Operating Company, Inc.

(Signature)

Dated: //”7Vﬂé

061012



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY
)
In the Matter of )
Southern Nuclear Operating Company, Inc. )
Early Site Permit for Vogtle ESP. Site )
Docket No. 52-011 )
)
DECLARATION OF Z: g T'—_j:, A’(E C a ZIJI-EOKJ‘L 5.1.:'.— 9 Sr rl

Under penalty of perjury, t01ice C. licCluin, SRJeclares as follows:

1. My name is %/C{ 2. ptClan cj/f . I am a member of Blue Ridge
Environmental Defense League.

2. lliveat 3722 ﬁ'%f(':??l //,// ﬂl’. /71(//3/%6” 5:%3/6\/

My home lies within S50 miles of the site in'Burke Coup{ty, Georgia, jointly owned
by Georgia Power, Oglethorpe Power Corporation, Municipal Electric Authority of
Georgia and the City of Dalton for which Southern Nuclear Operating Company, Inc. has
applied to the U.S. Nuclear Regulatory Commission ("NRC") for an Early Site Permit for
the construction of one or more new nuclear power plants.

3. Although no design for a new nuclear plant has been submitted, based on historical
experience with nuclear reactors to date, | believe that these facilities are inherently
dangerous. Therefore, construction of one or more new nuclear reactors so close to my
home could pose a grave risk to my health and safety. In particular, I am concerned that
if an accident involving atmospheric release of radiological material were to occur, I
could be killed or become very ill.

4. Therefore, I have authorized Blue Ridge Environmental Defense League to represent
my interests in this proceeding by opposing the issuance of an Early Site Permit to
Southern Nuclear Operating Company, Inc.

et O 757

(Slgnature)

Dated: / /’ af /ﬂé

061012



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

In the Matter of

Southern Nuclear Operating Company, Inc.
Early Site Permit for Vogtle ESP.Site
Docket No. 52-011

DECLARATION OF HMARVTIY HCRAR

Under penalty of perjury, declares as follows:

1. My name is (\/\ oy V1 R MC/R aé____Iam a member of Blue Ridge

Environmental Defense League.

2. lliveat /7‘0 H’Mfi&rfly\s 6"\ E\/ﬂl’ﬂ/ 6‘9\«30 gﬂﬁ

My home lies within __ ofiles of the site in' Burke County, Georgia, jolintly owned
by Georgia Power, Oglethorpe Power Corporation, Municipal Electric Authority of
Georgia and the City of Dalton for which Southérn Nuclear Operating Company, Inc. has
applied to the U.S. Nuclear Regulatory Commission ("NRC") for an Early Site Permit for
the construction of one or more new nuclear power plants.

3. Although no design for a new nuclear plant has been submitted, based on historical
experience with nuclear reactors to date, I believe that these facilities are inherently
dangerous. Therefore, construction of one or more new nuclear reactors so close to my
home could pose a grave risk to my health and safety. In particular, I am concerned that
if an accident involving atmospheric release of radiological material were to occur, I
could be killed or become very ill.

4. Therefore, I have authorized Blue Ridge Environmental Defense League to represent
my interests in this proceeding by opposing the issuance of an Early Site Permit to
Southern Nuclear Operating Company, Inc.

Vipare Ml

tSi gna%re)

Dated: I'l ! o{ IOQ

061012



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY
)
In the Matter of )
Southern Nuclear Operating Company, Inc. )
Early Site Permit for Vogtle ESP Site )
Docket No. 52-011 )
)

DECLARATION OF CORA L. HUQOKHE

Cera L. bicore

Under penalty of perjury, declares as follows:

1. My name is CO ny L« Mbo v . 1 am a member of Blue Ridge
Environmental Defense League.

2. Ihveatyz/z/} Wadsor SPrvase ﬂ/%/{zbf% Lt

My home lies within S ¢ 2 (G miles of the site in Butke County, Georgla jointly owned
by Georgia Power, Oglethorpe Power Corporation, Municipal Electric Authority of
Georgia and the City of Dalton for which Southern Nuclear Operating Company, Inc. has
applied to the U.S. Nuclear Regulatory Commission ("NRC") for an Early Site Permit for
the construction of one or more new nuclear power plants.

3. Although no design for a new nuclear plant has been submitted, based on historical
experience with nuclear reactors to date, I believe that these facilities are inherently
dangerous. Therefore, construction of one or more new nuclear reactors so close to my
home could pose a grave risk to my health and safety. In particular, I am concerned that
if an accident involving atmospheric release of radiological material were to occur, I
could be killed or become very ill.

4. Therefore, I have authorized Blue Ridge Environmental Defense League to represent
my interests in this proceeding by opposing the issuance of an Early Site Permit to
Southern Nuclear Operating Company, Inc.

(g A e

(Signature)

Dated: AL/ //ﬁ 7-Iﬁé

061012



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY
)
In the Matter of )
Southern Nuclear Operating Company, Inc. )
Early Site Permit for Vogtle ESP. Site )
Docket No. 52-011 ‘ )
)

DECLARATION.OF _ #ETVIi LEE AVERY

Under penalty of perjury, _ Helvin Lee AVETY  declares as follows:

1. My name is MCIVI;U L;cc_,A\veﬂq . Tam a member of Blue Ridge
Environmental Defense League. !

2. Ilive ato?qo 7 SHGdOW R \Aﬁt D r- Q PT‘57 Auc\uX-Len GA .
My home lies within S O miles of the site in‘Burke 'Countf, Georg\iﬁ, joinﬂ{ owned
by Georgia Power, Oglethorpe Power Corporation, Municipal Electric Authority of
Georgia and the City. of Dalton for which Southern Nuclear Operating Company, Inc. has
applied to the U.S. Nuclear Regulatory Commission ("NRC") for an Early Site Permit for
the construction of one or more new nuclear power plants.

3. Although no design for a new nuclear plant has been submitted, based on historical
experience with nuclear reactors to date, I believe that these facilities are inherently
dangerous. Therefore, construction of one or more new nuclear reactors so close to my
home could pose a grave risk to my health and safety. In particular, I am concerned that
if an accident involving atmospheric release of radiological material were to occur, [
could be killed or become very ill.

4. Therefore, I have authorized Blue Ridge Environmental Defense League to represent

my interests in this proceeding by opposing the issuance of an Early Site Permit to
Southern Nuclear Operating Company, Inc.

(Signature) @

Dated: \\— 9 - O(Q

061012



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY
)
In the Matter of - )
Southern Nuclear Operating Company, Inc. )
Early Site Permit for Vogtle ESP.Site )
Docket No. 52-011 )
)

DECLARATION OF BERLICE BUSSEY

Under penalty of perj ury/‘fgu L éﬂ% Y declares as follows:

1. My name is %@r nece I ,)(/C& SCNI . Tam a member of Blue Ridge
Environmental Defense League.

2. Tliveat 40i0 pt-6 Ihetder Wuals 2d <Acushk, Ga 30i05
My home lies Within'/j/O miles of the site in Burke Co&ﬁty, Géorgia, jointly owned
by Georgia Power, Oglethorpe Power Corporation, Municipal Electric Authority of
Georgia and the City of Dalton for which Southern Nuclear Operating Company, Inc. has
applied to the U.S. Nuclear Regulatory Commission ("NRC") for an Early Site Permit for
the construction of one or more new nuclear power plants.

3. Although no design for a new nuclear plant has been submitted, based on historical
experience with nuclear reactors to date, I believe that these facilities are inherently
dangerous. Therefore, construction of one or more new nuclear reactors so close to my
home could pose a grave risk to my health and safety. In particular, I am concerned that
if an accident involving atmospheric release of radlologmal material were to occur, I
could be killed or become very ill.

4. Therefore, I have authorized Blue Ridge Environmental Defense League to represent
my interests in this proceeding by opposing the issuance of an Early Site Permit to
Southern Nuclear Operating Company, Inc.

/ CULL / /gu/w'/\

(El/gnature) / 0 .
Dated: /J(-7- O

061012



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY
)
In the Matter of )
Southern Nuclear Operating Company, Inc. )
Early Site Permit for Vogtle ESPSite )
Docket No. 52-011 )
)

DECLARATION OF ROSALYI CUONYERS

Under penalty of perjury, Q 0S4 lu in ( 1 el S declares as follows:

1. My name is @Q salan .y e . I am a member of Blue Ridge
Environmental Defense Leaéue.

2. Iliveat 3205 file (4. Mephoibeh CA 3o0)[

My home lies within :SD Jmiles of the'site in'Burke County, Georgia, jointly owned
by Georgia Power, Oglethorpe Power Corporation, Municipal Electric Authority of
Georgia and the City.of Dalton for which Southern Nuclear Operating Company, Inc. has
applied to the U.S. Nuclear Regulatory Commission ("NRC") for an Early Site Permit for
the construction of one or more new nuclear power plants.

3. Although no design for a new nuclear plant has been submitted, based on historical
experience with nuclear reactors to date, I believe that these facilities are inherently
dangerous. Therefore, construction of one or more new nuclear reactors so close to my
home could pose a grave risk to my health and safety. In particular, I am concerned that
if an accident involving atmospheric release of radiological material were to occur, 1
could be killed or become very iil.

4. Therefore, | have authorized Blue Ridge Environmental Defense League to represent

my interests in this proceeding by opposing the issuance of an Early Site Permit to
Southern Nuclear Operating Company, Inc.

(Signature) J U

Dated: “7La4. ‘?#020@

061012



EXHIBIT 1.1



TABLE 3. Native resident, diadromous, marine, and upland fish species of the MSRB (listed in phylogenetic order).

iINTRODUCTION Tg. "

Resident species

Lepisosteidae

Amiidae
Clupeidae
Cyprinidae

Catostomidae

Ictaluridae

Esocidae

Umbridae
Aphredoderidae
Amblyopsidae
Fundulidae

Poeciliidae
Atherinopsidae

Centrarchidae

Scientific name

Common name

Leprsosteus osseus
Lepisosteus platyrhincus
Amia calva

Dorosoma cepedianum
Cyprinella leedsi
Cyprinella nivea
Hybognathus regius
Hybopsis rubrifrons
Nocomss leptocephalus
Notemigonus crysoleucas
Notropis chalybaeus
Notropis cummingsae
Notropis hudsonius
Notropis lutipinnis
Notropis maculatus
Notropis petersoni
Opsopoeodus emiliae
Preronotropis stonet
Semotilus atromaculatus
Carpiodes cyprinus
Carpiodes velifer
Erimyzon oblongus
Erimyzon sucetta
Hypentelium nigricans
Minytrema melanops
Moxostoma collapsum
Moxostoma robustum
Secartomyzon sp. cf. lachneri
Ameturus brunneus
Ameturus catus
Ameturus natalis
Ameturus nebulosus
Ameturus p/aty:ep/]a/us
Noturus gyrinus
Noturus insignis
Noturus leptacanthus
Esox americanus

Esox niger

Umbra pygmaea
Aphredoderus sayanus
Chologaster cornuta
Fundulus chrysotus
Fundulus lineolatus
Gambusia holbrooki
Labidesthes sicculus
Acantharchus pomotis
Centrarchus macropterus

Enneacanthus chaetodon

longnose gar
Florida gar
bowfin
gizzard shad
bannerfin shiner
whitefin shiner
eastern silvery minnow
srosyface chub
blueheaded chub
golden shiner
ironcolor shiner
dusky shiner
spottail shiner
yellowfin shiner
taillight shiner
coastal shiner
pugnose shiner
lowland shiner
creek chub
quiliback
highfin carpsucker
creek chubsucker
lake chubsucker
northern hogsucker
spotted sucker
notchlip redhorse
robust redhorse
brassy jumprock
snail bullhead
white catfish
yellow bullhead
brown bullhead
flat bullhead
tadpole madtom
margined madtom
speckled madtom
redfin pickerel
chain pickerel
eastern mudminnow
pirate perch
swampfish
golden topminnow
lined topminnow
eastern mosquitofish
brook silverside
mud sunfish
flier
blackbanded sunfish
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TABLE 3. (continued)

Resident species
Centrarchidae

Elassomatidae

Percidae

Diadromous species
Acipenseridae

Anguillidae
Clupeidae
Moronidae
Marine species
Megalopidae
Belonidae
Mugilidae

Achiridae

Upland species

Scientific name

Common name

Enneacanths gloriosus
Enneacanthus obesus
Lepomis auritus
Lepomss gibbosus
Lepomis gulosus
Lepomis macrochirus
Lepomis marginatus
Lepomis microlophus
Lepomis punctatus
Microprerus salmoides
Pomoxts nigromaculatus
Elassoma evergladei
FElassoma okatie
Elassoma zonatum
Etheostoma fricksium
Etheostoma fusiforme
Etheostoma hopkinsi
Etheostoma inscriptum
Etheostoma olmsted:
Etheostoma serrifer

Percina migrofasciata

Acipenser brevirostrum
Acipenser oxyrinchus
Anguilla rostrata
Alosa aestivalis

Alosa mediocris

Alosa sapidissima

Morone saxatilis

Megalops atlanticus
Strongylura marina
Agonostomus monticola
Mougil cephalus

Trinectes maculatus

Micropterus coosae

#

bluespotted sunfish
banded sunfish
redbreast sunfish
pumpkinseed
warmouth
bluegill

dollar sunfish
redear sunfish
spotted sunfish
largemouth bass
black crappie

Everglades pygmy sunfish
bluebarred pygmy sunfish

banded pigmy sunfish
Savannah darter
swamp darter
Christmas darter
turquoise darter
‘tessellated darter
sawcheek darter

blackbanded darter

shortnose sturgeon
Atlantic sturgeon
American eel
blueback herring
hickory shad
American shad
striped bass

tarpon

Atlantic needlefish
mountain mullet
striped mullet
hogchoker

redeye bass?

! The Savannah River is the only area of the redeye bass’s range where it occurs below the Fall Line,
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1. INTRODUCTION

From 1991 - 1996, Georgia Power’s Sinclair Hydroelectric Project (FERC No. 1951)
was relicensed through the Federal Energy Regulatory Commission (FERC). Sinclair
Dam impounds the Oconee River in central Georgia to form Lake Sinclair. The Sinclair
Project is primarily used to provide generation capacity during peak demand periods, and
to serve as the lower reservoir for Georgia Power’s Wallace Dam pumped storage
project.

This relicensing effort represented the first hydro project relicensing using the new
Applicant Prepared Environmental Assessment Process (APEA), as authorized by the
Energy Policy Act of 1992. This process included the submission of a Draft
Environmental Assessment (DEA) with the final license application, in lieu of the usual
Exhibit E, or Environmental Report.

During the beginning of the licensing process a rare fish was “rediscovered” in the
Oconee River, downstream of the Sinclair Project by biologists working for the Georgia
Department of Natural Resources, Wildlife Resources Division. The fish was eventually
identified as the robust redhorse Moxostoma robustum. Subsequent reviews by many
agencies and individuals suggested that conservation and restoration actions should begin
immediately for this species. The APEA process fostered stakeholder inputs and
agreements during licensing, and the Endangered Species Act contained provisions to
encourage stakeholder partnerships to conserve imperiled species and their habitats.

Several stakeholder partnerships and agreements were formulated during and
independent of the licensing process. The first, and perhaps most important of these to be
covered in this report, was the creation of the Robust Redhorse Conservation Committee
(RRCC). The RRCC was given the responsibility to implement research, conservation,
and restoration actions for the robust redhorse. Other agreements included a negotiated
flow agreement for the Oconee River designed primarily to enhance habitat for the robust
redhorse, and the Robust Redhorse Flow Advisory Team for the Oconee River (Advisory
Team). The Advisory Team was given the responsibility of reviewing data to monitor
the effectiveness of the new flows and if necessary, make recommendations to the FERC
regarding any future flow modifications for the Oconee River.

The new license for the Sinclair Project, issued by the FERC on 19 March 1996,

required the submission of a report every two years to the FERC. The license stated that
these reports should document the status of the robust redhorse and provide a
determination regarding the adequacy of flow releases in meeting the needs of the robust
redhorse. Per license requirements, this document represents the first of such reports.

This report is not intended to be a fully detailed accounting of every aspect of the
conservation and restoration of the robust redhorse. However, much progress has been
made during the last few years and many organizations and individuals have contributed
to the project. Some progress has been made through trial and error. It is reasonable to



expect mixed success during the early years of a conservation effort for a largely
unknown species.

The author believed that it is necessary, at least for this initial report, to provide enough
background and appropriate details to enable the reader to fully understand the magnitude
of this conservation effort, as well as the growing base of knowledge and the logical
progression of work. This report begins with the discovery of the robust redhorse, and
some coverage is given to the early years of the conservation effort. The bulk of this
report is devoted to actions that have occurred since the creation of the RRCC in 1995.



2. REDISCOVERY AND COOPERATION

2.1 Rediscovery of the Robust Redhorse Moxostoma robustum
in the Oconee River, Georgia

The following information regarding the rediscovery of the robust redhorse was reprinted
almost verbatim from a fact sheet detailing the collection and early extent of knowledge
about the species. This information can be located in many reports and publications
written by many individuals during the last few years, although the original fact sheet
continues to be one of the more complete and explanatory sources on the rediscovery of
this species. Mr. James Evans of the GA Department of Natural Resources, Wildlife
Resources Division (GDNR) initially drafted the fact sheet, relying on his extensive
personal experience with the robust redhorse, personal communication with other
scientists, and the following unpublished manuscripts:

Jenkins, R.E., and B.J. Freeman. Systematics of the molar-toothed redhorse suckers (Moxostoma
carinatum) and the rediscovered M. robustum of the south Atlantic slope (Pisces: Catostomidae).

Jenkins, R.E. Systematics of the brassy jumprock (Scartomyzon braesius, new species; formerly called
Moxostoma robustum) of the south Atlantic slope (Pisces, Catostomidae).

“Five large catostomids were collected from the Oconee River below Sinclair Dam near
the mouth of Commissioner Creek on 8 August 1991. Meristic characteristics did not
correspond precisely to any known species and average length exceeded that of all
.catostomid species known to occur in the Altamaha River drainage. Preserved specimens
were sent to Dr. Henry Bart, then curator of the Auburn University fish collection. He
indicated that these fish might belong to what was then believed to be an undescribed
species known to ichthyologists by only two existing specimens - one collected from the
Savannah River, Georgia/South Carolina in 1980, and a second from the Pee Dee River,
North Carolina in 1985. Informal names applied at the time to the species represented by
the two Savannah/Pee Dee specimens were the bighead redhorse and the Savannah River
redhorse.”

“The status of this species was being investigated by Dr. Robert Jenkins of Roanoke
College, Virginia; by personnel from the National Fisheries Research Center in
Gainesville, Florida; and by Dr. Byron Freeman, curator of the University of Georgia fish
collection. All investigators subsequently concluded that the Oconee, Savannah, and Pee
Dee river specimens represented a single species. Prior to the discovery of the Oconee
River population, during the period 1981 - 1990, ichthyologists, biologists, and
consultants in Georgia and the Carolinas had been consulted and portions of the
Savannah River were sampled in an effort to obtain more specimens. None were found.”

“Initially, the Oconee, Pee Dee, and Savannah River specimens were believed to
represent a new species, probably an Atlantic slope form of the river redhorse
Moxostoma carinatum. The species is now believed to have been described by master



naturalist Edward Cope in 1870 from specimens collected from the Yadkin River, North
Carolina and given the scientific name Ptychostomus robustus (Ptychostomus is
synonymous with the present genus designation Moxostoma). Cope’s original type
specimens were apparently lost and later workers erroneously labeled specimens of other
species as types. The scientific P. robustus, which Cope had intended to be applied to
the robust species represented by the Oconee, Pee Dee, and Savannah river specimens,
was instead misapplied by later revisionists of the Catostomidae to a smaller species.
This smaller species, sympatric with the larger more robust form, has since 1956 been
known in the scientific literature, incorrectly, as Moxostoma robustum - the smallfin
redhorse. As a result of these investigations, the scientific name Pfychostomus
(Moxostoma) robustus will be transferred as Moxostoma robustum (Cope) (robust
redhorse) to the species known from the Oconee, Pee Dee, and Savannah river
specimens. The smallfin redhorse will be placed in the jumprock genus (Scartomyzon)
and given the common name brassy jumprock (Jenkins and Freeman, in preparation).”

“Subsequent to the discovery of the Oconee River population of robust redhorse,
investigations by Jenkins and Freeman into the status of this species included a review of
“gray literature” such as federal aid reports, state fisheries reports, and biological surveys
as well as studies of museum fish collections. In a further attempt to locate other remnant
populations, the Pee Dee and Yadkin rivers in North Carolina, the Ogeechee and Broad
rivers in Georgia, and the Savannah River, Georgia/South Carolina, were sampled by
personnel from a variety of agencies as well as by companies with hydropower interests
in these rivers.”

To date, the only one other population of robust redhorse outside the Oconee River has
been discovered. In October 1997, a single adult robust redhorse was caught from the
Savannah River about 50 river miles downstream from Augusta, GA. During a June,
1998 survey of the Savannah River near Augusta, GA, four adult robust redhorse were
captured. A more detailed accounting of this discovery is presented in a later section of
this report.

“Skeletal remains of an additional specimen from the Savannah River were discovered at
the University of Georgia. Pharyngeal teeth from the robust redhorse have also been

- found at an archeological site near Brier Creek, Georgia (Savannah River drainage).
Anecdotal reports of large redhorse suckers persist from portions of the species former
range, specifically from the Pee Dee and Yadkin rivers, North Carolina, and from the
Savannah, Ogeechee, and Ohoopee rivers in Georgia. The general consensus of most
authorities is that small, isolated remnant populations of the species could exist in one of
these rivers, or perhaps elsewhere. All authorities agree that the species is in danger of
extinction, perhaps within the next decade, and that recovery efforts should be initiated as
soon as feasible (Jenkins and Freeman, in preparation).”

Some literature indicates that spawning runs of catostomids, and probably the robust

redhorse, were declining in the late 1800s. Scientists believe that the most likely early
causes for these declines may have been overfishing and excessive siltation from wide-
spread land clearing and related agricultural practices. In more recent times, threats to



native riverine fish populations have been associated with pollution and continued
sedimentation of spawning and rearing habitats, construction of dams and associated
changes in hydrologic regimes, and rapidly expanding populations of introduced predator
species, including flathead Pylodictis olivaris and blue Ictalurus furcatus catfishes. The
exact reasons for the apparent decline and range restriction of the robust redhorse are as
yet unknown.

“Other significant findings to date from literature reviews, museum research, and field
investigations on the Oconee River and elsewhere are outlined below.

1). The historic range of the species is believed to be the Piedmont and upper Coastal
Plain areas from the Altamaha River drainage in Georgia through the Carolinas to at least
the Pee Dee River, North and South Carolina. The known range of the Oconee River
population is from approximately 1.6 km below the GA Hwy. 22 bridge at Milledgeville
downstream to about 18 km above Dublin, a distance of approximately 85 km. Several
attempts to collect additional specimens from the Oconee River below Dublin were
unsuccessful. A review of available data and anecdotal information from throughout the
Altamaha River drainage, including the Oconee River above Lake Sinclair, has produced
no verifiable evidence of the presence of this species outside the area delineated above.
It is probably reasonable to assume, however, that isolated individuals could exist in the
Oconee River below Dublin or perhaps even in the Altamaha River.

2). Preferred habitat for non-spawning adults is typically in deeper, moderately swift
areas in or near outside bends, often in association with accumulations of woody debris.
Spawning behavior is apparently similar to that of the river redhorse and seems to occur
over both deep and shallow water gravel patches from late April to early June at water
temperatures from 18 - 24 C.

3). Recaptures of tagged fish indicate significant variability in movement patterns among
individuals. Most individuals seem to migrate very little but movements of up to 27 km
have been noted. Estimated population size is 1,000 - 3,000 adults based on Peterson and
Chapman mark-recapture estimates.

4). Analysis of stomach contents indicates a diet consisting almost entirely of Asiatic
clams (Corbicula sp.) which are crushed with large molariform pharyngeal teeth. Similar
dentition is found in two other species of redhorse, the river redhorse (Moxostoma
carinatum) and the copper redhorse (M. hubbsi).

5). A preliminary age and growth investigation indicated that over 90% of the population
is between 15 and 26 years of age although a few fish as young as 5 - 6 years of age have
been collected. Age and growth studies using various bony structures have shown other
members of this family to be generally long-lived.

6). Length-frequency analysis of 239 robust redhorse collected from August 1991 to
June 1994 shows little evidence of significant recruitment in recent years. Total length
range is 424 to 722 mm, yet about 75% of the sample lies between 600 and 660 mm, or



within a 60 mm (2.4 inch) range. Four individuals from this group (506, 492, 482, and
424 mm) may have been juveniles with the remainder clearly adults.”

2.2 The Robust Redhorse Conservation Committee

The Robust Redhorse Conservation Committee (RRCC) was formed by the signing of a
Memorandum of Understanding (MOU) in 1995. The RRCC was designed as a
stakeholder partnership to restore the robust redhorse throughout its former range. The
primary goals of the RRCC are to implement research and conservation measures,
enhance recruitment in the existing Oconee River population, and re-establish robust
redhorse populations in several river systems within the species’ former range.

This stakeholder partnership approach to recovery was selected in lieu of possible listing
under the Endangered Species Act (ESA) in part because a large number of private
landowners and companies would necessarily be involved in the conservation of this
species. Another partial reason for this approach was that conservation actions have
often been delayed for various reasons upon the announcement of a proposal to federally
list a species under the ESA. With this partnership approach, however, research and
conservation actions could begin almost immediately, saving potentially invaluable time
~ for the robust redhorse. Other advantages to this approach include a cooperative, instead
of confrontational, environment for the parties involved. This appears to foster more
rapid and efficient conservation actions. The MOU provides that the USFWS would
ultimately evaluate the effectiveness of these recovery efforts. If the USFWS determines
that the survival and enhancement of the robust redhorse can not be accomplished with
this or other similar approaches, the USFWS may initiate listing action under the ESA.

Membership of the RRCC is representative of a diverse group of interests and expertise.
Current members of the RRCC include the Georgia Department of Natural Resources
(GDNR), South Carolina Department of Natural Resources (SCDNR), North Carolina
Wildlife Resources Commission (NCWRC), U.S. Fish and Wildlife Service (USFWS),
U.S. Geological Survey - Biological Resources Division (USGS), U.S. Forest Service
(USFS), U.S. Army Corps of Engineers (USACOE), Georgia Power Company, Duke
Power Company, Carolina Power and Light, and the Georgia Wildlife Federation. The
MOU provides for “cooperator” status to be assigned to agencies, organizations, or
individuals that are interested in the conservation of the robust redhorse but do not want
formal representation on the RRCC.

The RRCC is the overall vehicle directing recovery of the robust redhorse, and has
determined priority avenues for necessary research and action. Through formal annual
meetings and innumerable informal meetings among members and other interested -
parties, the RRCC has identified impediments to the recovery effort, designed and
conducted research related to those impediments, and formulated solutions or plans for
dealing with those impediments. The RRCC has also been very effective in publicizing
the recovery effort. As originally intended, the RRCC has been the driving force behind
~ the conservation and restoration of the robust redhorse.



Most of the contents of this report are the direct result of actions taken or directed by the
RRCC or its members. Several work items are being planned and conducted at present,
which will be discussed during later sections of this report.

23 The Flow Advisory Team For the Oconee River

Negotiated Flow Agreement for the Oconee River

The primary focus of negotiations during the relicensing of the Sinclair Project was the
potential flow requirements of the robust redhorse, especially the early life stages. During
the relicensing of the Sinclair Hydroelectric Project, Georgia Power and EA Engineering,
Science, and Technology had completed numerous studies on the robust redhorse. These
included surveys for the availability of gravel spawning substrates, monitoring of
spawning activity, surveys for young-of-year and juvenile robust redhorse,
characterization of spawning habitat, and the development of habitat suitability criteria
for the Oconee River. Other studies conducted during relicensing that were useful in
these negotiations were an assessment of the fluvial geomorphology of the Oconee River,
a description and evaluation of the floodplain, wetlands, and oxbow connectivity, boat
passage, and a comprehensive instream flow study that utilized the Instream Flow
Incremental Methodology (IFIM). Primary negotiating parties included Georgia Power
Company, the Wildlife Resources Division and the Coastal Resources Division of the
GDNR, the USFWS, and the National Marine Fisheries Service (NMFS).

The negotiating parties realized that even though there was little evidence of recent
recruitment, the only population of robust redhorse known at that time persisted, for
unknown reason(s) downstream of the Sinclair Project. The general consensus among
the negotiating parties was that little information was available that pointed to specific
causes for the apparent lack of recruitment in the Oconee River population. The FERC
staff encouraged a tiered, incremental approach to a flow agreement for the Sinclair
Project, instead of large-scale, sweeping changes to the existing flow regime. Initial flow
modifications would need to be evaluated with respect to the robust redhorse and other
fish species. Future modifications of the flow regime would necessarily be based on the
best available information, and all members of the Advisory Team would need to agree
on the best course of action.

A negotiated flow agreement was finalized in 1995 prior to the submittal of the license
application. The negotiated flow agreement, outlined in Table 1 below, was designed
primarily to enhance reproductive success of the robust redhorse. Specifically, the flow
agreement provides: 1) significant increases in minimum flows throughout the year, 2) a
significant increase in flow stability throughout the year, and 3) run-of-river flows for
spawning and early rearing for robust redhorse and anadromous species.
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Table 1. Negotiated flow agreement for Sinclair Hydroelectric Project.

MONTH FLOW and OPERATION

Dec - Feb 500 cfs minimum, normal peaking
Mar - Apr 1500 cfs minimum, modified peaking®
May run-of-river

Jun® - Nov 700 cfs minimum, normal peaking

A - modified peaking refers to the number of units (1 or 2) to be utilized depending on the amount of

inflow to the reservoir

B . From June 1 -10, units will be operated run-of-river unless electric system demands necessitate normal
peaking operation

The agreement also provided for an increase in generation scheduling from 5 to 7 days per week. This was
done to reduce the extended low flow periods that previously resulted from little weekend generation.

The Flow Advisory Team

The MOU that established the RRCC included provisions for creating additional working
groups to address specific issues related to the conservation and restoration of robust
redhorse. The first of such groups, created by an agreement drafted largely by Georgia
Power Company, was the Robust Redhorse Flow Advisory Team for the Oconee River
(Advisory Team). The Advisory Team functions under the overall umbrella of the RRCC
with shared memberships and administration. The current members of the Advisory
Team are the GDNR, USFWS, USGS, Georgia Wildlife Federation, and Georgia Power.
The Advisory Team is to be coordinated by Georgia Power Company for the life of the
license, unless it is determined that the Advisory Team is no longer necessary. This may
occur if the appropriate federal agency declares the robust redhorse extinct, or recovered
and no longer in need of special protection.

The primary responsibilities of the Advisory Team are to monitor the effectiveness of the
flow changes and other environmental conditions on the robust redhorse in the Oconee
River. The agreement provides that the Advisory Team may review flow data from the
Oconee River, studies developed by the RRCC, and other pertinent information related to
the robust redhorse to help determine any necessary changes to the negotiated flow
agreement. If studies suggest that flow changes are needed for the Oconee River, the
Advisory Team may petition the FERC with its recommendations. These
recommendations would then be subject to appropriate FERC evaluation and approval.

The Advisory Team has not yet made any formal determinations regarding the adequacy

of the negotiated flow agreement for the Oconee River with respect to the robust
redhorse. It would be difficult to attempt to make such a determination at the present
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time, partially because of the short time the flow agreement has been in effect. The
following paragraphs explain the rationale behind the previous statement.

The flow agreement was finalized during 1995, the same year that formal studies began
investigating hypotheses relating to robust redhorse recruitment in the Oconee River.
The Reproductive and Recruitment Success studies that involve collection of larval and
juvenile fishes from the Oconee River have been ongoing since 1995. Data collected
during 1995 under the previous Sinclair flow regime suggested very low abundance of
larval robust redhorse. It was unclear, however, whether the observed abundance was an
accurate representation of the population of larval fishes in the river, or if some unknown
sampling deficiency could have influenced the catch.

Although finalized in 1995, the flow agreement for the Oconee River was not actually
implemented until June 1996, as requested by the RRCC. This request was made largely
because of the natural variability associated with aquatic systems. It was believed that
one year of data under the existing flow regime would not be representative of baseline
conditions, making it difficult to fairly evaluate the new flow regime. By delaying the
implementation of the flow agreement, it was possible to collect additional year of
reproductive and recruitment success data under the existing flow regime.

Consequently, 1997 was the first year of data collection under the new flow agreement.
At the conclusion of sampling this fall (1998), the Advisory Team will have 2 years each
of pre- and post-flow agreement data available on larval and juvenile robust redhorse
abundance and distribution in the Oconee River. Temperature and flow data from several
locations in the Oconee River will also be available, as will the results of many other
studies that have been directed at the requirements of the early life stages of robust
redhorse. Thus, it is anticipated that the Advisory Team will begin formal analysis and
decision making at the conclusion of the 1998 recruitment study.

Preliminary results of the larval fish collections and other studies have been encouraging.
During 1997, the first year fully under the new flow regime, sampling results suggested
relatively large increases in larval robust redhorse abundance compared to 1995 and 1996
(research summaries provided in later sections of this report). The reader is cautioned
that the numbers of robust redhorse larvae captured still seem very low, and some aspects
of sampling equipment and locations are still under development. These results, though
encouraging, should not yet be interpreted as evidence of definitive improvement in the
reproductive success of the Oconee River population.

Flow stability may be important for the successful completion of spawning and survival
of early life stages of many riverine species. The negotiated flow agreement provides
higher minimum flows throughout the year and run-of-river flows during May and early
June. This schedule was designed to provide maximum flow stability during spawning
and early rearing for the robust redhorse. In addition, spawning conditions for other
species such as striped bass should be improved. Although studies to date have not
revealed the exact causes or mechanisms affecting robust redhorse recruitment in the
Oconee River, run-of-river flows during the May and early June should be suitable for
riverine species.
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Research projects have attempted a logical and systematic testing of early hypotheses
potentially related to reproduction and recruitment of robust redhorse in the Oconee
River. Research summaries presented later in this report indicate that a few hypotheses
relating to the potential direct effects of the operation of Sinclair Dam on robust redhorse
have been at least partially refuted. Of course, much research remains to be conducted to
determine specific mechanisms that influence recruitment, possibly through discreet and
indirect effects.

Although much data will soon be available to the Advisory Team, several factors can not
be overlooked that may contribute some confusion to the analysis. One factor is the
natural variability in both hydrologic regimes and fish populations. As an example, the
second year of the new flow regime (1998) was probably influenced by the global
weather phenomenon known as El Nino, which contributed to prolonged high water
conditions during the winter and spring throughout the southeastern United States.

Another factor that the Advisory Team may need to consider when evaluating the new
data is the interruption of run-of-river flows for collection of broodfish during the May
spawning season (on the Oconee River) of robust redhorse. Low flows for broodfish
collection are currently critical to the overall recovery efforts for the robust redhorse, and
every attempt is made to minimize the duration and frequency of these events. It is
unknown, however, whether any effects associated with the interruptions of run-of-river
flows are positive or negative, although it is clear that the provision of low flows can
contribute to more rapid warming of river temperatures than would be the case under run-
of-river conditions. '
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3. CONSERVATION STATUS AND ACTIONS

3.1 Status of the Oconee River Population of Robust Redhorse

‘The age and size structure of the Oconee River population appears to have advanced
slightly, but remains similar to original estimates made in 1994. Most of the data
available for this population has been gathered in conjunction with broodfish collection
efforts. Fish collected are double anchor tagged, measured, weighed, the location noted,
and other items of interest recorded. The population evidently remains mostly composed
of older adult individuals about 60 - 70 cm total length, with little evidence of
recruitment into the population. However, 1 - 3 immature specimens of about 42 cm total
length have been captured each year since 1992. This work and work by other
researchers has to date failed to capture robust redhorse less than 42 cm.

Population estimates based on mark-recapture studies conducted during 1995 and 1996
estimated the adult population to be 2,439 and 1,746, respectively. These data appeared
to indicate a decline in humbers, but this conclusion could not be made with confidence
because of the high variance associated with the estimates. Survival estimates from 1995
to 1996 were nearly 1, which indicated excellent survival between years. Electrofishing
catch rates have declined since 1994. However, many factors, including water stage and
temperature at the time of sampling can influence catch rates of robust redhorse and
contribute to variance.

These data suggest that the Oconee River robust redhorse has not begun a drastic decline.
Length-frequency analysis continues to indicate a cause for concemn, as was the case
during the early years of this project. Robust redhorse remain the number one species in
terms of abundance in certain sections of the Oconee River. However, the catch may be
biased as the researchers were usually targeting robust redhorse. Unfortunately, flathead
catfish are regularly collected within these same sections, and may eventually pose
predation problem for juvenile robust redhorse.

Plans are to continue monitoring the Oconee River population for significant recruitment.
The projects currently funded and planned for the near future will hopefully discover the
reasons for the lack of juvenile fish in the Oconee River, and shed light on the most likely
causes for the widespread decline of this species throughout the Atlantic slope drainages.
With this information and knowledge of specific requirements of the early life stages and
productive hatchery techniques, it is hoped that enhancement of the Oconee River
population and the eventual recovery of the robust redhorse will be realized.
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3.2 Research Summary

The following section summarizes formal research that has been aimed along two basic
lines of investigation: 1) culture techniques for robust redhorse, and 2) the ecology and
biology of the robust redhorse in the Oconee River. No effort was made to distinguish
projects among these two investigation lines for this report because in many cases,
information gained was relevant to both. These summaries are not intended to be
detailed reports, but simply to provide the reader with sufficient information to
understand the need and rationale for each project as related to the overall goals of the
recovery effort, and to present significant results of each project. Many projects were
continued for multiple years, but these summaries are presented in chronological order to
enable the reader to understand the logical progression of the projects based on
knowledge gained and the systematic testing of early hypotheses.

In addition to formally funded research, much less-publicized investigation and
observation has been conducted within the laboratories at the USFWS Warm Springs
(GA) Regional Fish Technology Center, the Institute of Ecology at the University of
Georgia, and at the Georgia Cooperative Fish and Wildlife Research Unit, also located at
the University of Georgia. Sperm cryopreservation, nutrient requirements of early life
stages, and water quality for production are just a few examples. Other informal studies
have undoubtedly been conducted at the many hatcheries that have served as rearing
centers for robust redhorse. Although little information regarding much of this work is
provided in this report, the information gained from this work is potentially critical for
formulating relevant and efficient research plans.

The bulk of the funding for the following research projects was provided by Georgia
Power Company. The bulk of the research was conducted by Dr. Cecil A. Jennings of
the Georgia Cooperative Fish and Wildlife Research Unit (UGA), Dr. James L. Shelton
of the Wamell School of Forest Resources (UGA), Dr. Byron J. Freeman of the Institute
of Ecology (UGA), and Gregory L. Looney of the Warm Springs Fish Technology Center
(USFWS). Dr. Robert E. Jenkins of Roanoke College, Virginia was also contracted for
the age, growth, and maturation studies. It is doubtful that many of these projects could
have been successfully completed without the additional funds and enormous amount of
in-kind services provided by the Georgia Department of Natural Resources, the United
States Fish and Wildlife Service, the University of Georgia, and volunteer participation.
Duke Power, Carolina Power and Light, and the Electric Power Research Institute also
contracted with Dr. Ike Wirgin of New York University for genetic research.

Many portions of the following text were included verbatim from submitted research
reports, summaries, and electronic communications.
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3.2.1 1995 Research Summaries

Project 1. Hormone Induced Ovulation of Robust Redhorse Moxostoma robustum

To facilitate recovery of the robust redhorse, adult broodfish from the only known
Oconee River population were used to produce offspring for research and reintroduction
purposes. However, initial attempts to spawn robust redhorse, by both natural and
artificial means, were largely unsuccessful. Some eggs were produced from female fish
that were “running ripe” at the time of collection, but these numbers were far below what
was needed for a valid effort at recovery. It became apparent that artificial spawning,
and the development of a reliable and efficient hormone treatment regime was vital to the
success of the recovery program.

The initial research project for developing a hormone treatment regime for robust
redhorse propagation was conducted during spring, 1995. The objectives of this project
were to:

1) evaluate the effectiveness of five different hormones in inducing robust redhorse to
ovulate,

2) determine the optimum treatment dosage for the most effective hormones or hormone
combination, and

3) determine if robust redhorse spawn intermittently.

A temporary broodfish holding and spawning facility was constructed on the banks of the
Oconee River at Beaverdam Wildlife Management Area (WMA). The spawning facility
originally inchided nine circular holding tanks that were aerated and supplied with a
continuous flow of river water from electrical pumps. The site at Beaverdam WMA was
selected because it was relatively close to the area of broodfish collection, which would
greatly minimize transport and holding times of adult broodfish.

The study involved testing five hormone treatments, administered via injection, on
female robust redhorse, along with a control group that were subjected to injections of a
sterile saline solution. Hormones and dosage rates were selected based on a review of
scientific literature, personal communication with other researchers, and product
information provided by the manufacturers. Broodfish were returned to the Oconee River
upon completion of each spawning trial.

Broodfish were collected with boat-mounted electrofishing gear from May 1 to May 3,
1995. A total of 33 females were collected, but only 21 of these were used in the study,
based on a determination of appropriate spawning condition for hormone treatments. A
total of 58 males were collected, all with free flowing milt. Seventeen males were
transferred to holding tanks for egg fertilization.

Nine of the 17 females injected with hormones ovulated, but none of the fish in the
control group ovulated. Eggs collected per female ranged from 1,485 to 86,295. It
appeared that robust redhorse are capable of intermittent spawning, as some of the
females released additional eggs one day after initial collection.
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This work indicated that Ovaprim, Carp Pituitary Extract (CPE), and Human Chorionic
Gonadotropin (HCG) were effective for inducing ovulation and increasing spawning
success of broodfish. However, specific dosage rates and treatment intervals needed to
provide optimum results were unknown.

About 800,000 eggs were produced from both natural and artificially induced females.
The eggs were transported to McDuffie Fish Hatchery, Warm Springs Fish Hatchery, and
Whitehall Fisheries Lab for incubation. About 71,000 fry were produced and shipped to
grow-out ponds at various hatcheries. Pond inventory from November 30 - December 1,
1995 indicated that about 40,000 (56%) fry had survived to fingerling stage.

Project 2. Spawning Behavior of Robust Redhorse in the Oconee River, Georgia

Some field observations from the Oconee River indicated that the robust redhorse may
construct redds in gravel substrate, but these observations were not thoroughly
documented. Whether robust redhorse construct redds or not could be important in
determining reasons for limited recruitment in the Oconee River population. The specific
objectives of this project were to:

1) document spawning-related behavior prior to and during the spawning act, and

2) identify specific habitat conditions associated with the spawning sites.

Three reaches of the Oconee River were surveyed by boat for spawning robust redhorse
and/or suitable spawning sites. These surveys focused on known gravel deposits and
areas that were shallow enough to allow direct observation. High flows and turbidity
hindered the survey effort. However, spawning robust redhorse were observed from 14-
22 May 1995, at a gravel bar near the Avant Mine site at about river mile 120.
Documentation of spawning behavior was recorded with both video and still
photography. Water velocity, depth, substrate, water temperature, and other variables
were recorded at spawning sites.

Spawning was observed from dawn to dusk, and occurred over small to medium-sized
gravel. Water velocity ranged from 35 - 60 cms and daytime water temperature
fluctuated around 25 C during observation. It appeared that male robust redhorse were
very territorial and would actively defend their staging position on the gravel bar against
other males. Females staged in a pool upstream of the gravel bar, and when ready,
moved onto the gravel bar between two males. Gametes were released as the three fish
pressed into each other, with caudal and anal fins plowing into the gravel substrate. One
group of spawning fish included three males and two females, and spawning behavior
was often violent and aggressive as non-participating males butted participating males
with their snouts. This behavior was consistent with some other species of the genus
Moxostoma.

The Laurens County section of the Oconee River has at least one active spawning
population and suitable habitat to support other breeding groups. Spawning habitat,
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based on observable activity, is moderate to swift, shallow water over loose gravel
substratum.

Project 3. Reproductive and Recruitment Success of Robust Redhorse in the Oconee
River, GA

From the first efforts to document the status of the robust redhorse in the Oconee River, it
appeared that the population was skewed toward larger, older individuals. Robust
redhorse had been observed spawning in the Oconee River, however, many efforts
directed at collecting juvenile or young-of-year (YOY) fish were unsuccessful. This
combination of circumstances suggested reproductive or recruitment failure in recent
years. Data regarding spawning success, distribution and abundance of larvae, and
estimates of larval growth and mortality were needed to determine if the scarcity of
juvenile robust redhorse is related to recruitment failure or other non-biological factors.
Specific objectives for this task were to:

1) document spawning activity,

2) determine reproductive success,

3) determine growth and mortality of larval life stages sampled from the Oconee River

Pushnets, D-ring nets, light traps, and seines were used to sample larval fishes from about
a 51 km reach of the Oconee River from May 10 to December 8, 1995. Depth, water
velocity, turbidity, water temperature, and dissolved oxygen were recorded for each
sample. Fish samples were preserved in 10% buffered formalin and returned to the
laboratory where they were examined for the presence of larval and juvenile robust
redhorse. After picking, twenty percent of the sample residues were re-examined to
determine to efficiency of project personnel extracting larval fish.

Six hundred twenty-two samples were collected from the Oconee River that contained
45,698 larval and juvenile fishes, representing 11 families. Six larval robust redhorse
were identified from these samples. Most of these (5) robust redhorse were caught in late
May with pushnets. These larvae were 13-14 mm total length, with five being collected
at night, directly upstream of a suspected spawning site.

Larval and juvenile suckers of other species were relatively abundant in the samples.
However, density estimates for robust redhorse larvae ranged from 0.0 to 13.4 per 1000
m’ of water sampled. It appeared that the chosen gear types were effective at sampling
larval fishes from the Oconee River. Each gear seemed to work better during different
flow conditions, but based on the numbers and diversity of fishes collected, it seemed
that most of the sampling gear worked well most of the time.

A D-ring net was deployed nine times about 1-3 m downstream of spawning fish at the
Avant Mine site. Four nets contained no eggs, the other nets contained 81, 1, 1, 9, and 2
eggs. Considering the known fecundity of robust redhorse from Project 1, it appeared
that the eggs may be buried in the gravel during the spawning act, preventing most egg
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drift. This also suggested that newly hafched larvae would probably also remain buried
in interstitial spaces within the gravel substrate until all yolk material had been absorbed.

This study suggested that larval and juvenile life stages of robust redhorse were rare in
the Oconee River. However, it was unclear whether the scarcity of larval and juvenile
robust redhorse in the samples was strictly a function of abundance, or if other sampling
and biological considerations contributed to the low catch rates. Growth and mortality of
larval robust redhorse could not be estimated because of insufficient numbers of larvae
collected.

Project 4. Surveys for Additional Populations of Robust Redhorse

Robust redhorse were known only from a small reach of the Oconee River between
Milledgeville and Dublin, Georgia. Recovery efforts would benefit from the discovery of
other remnant populations within the suspected former range of this species. Such a
population would provide additional information about the habitat requirements, and
possibly lend clues regarding the apparent recruitment failure in the Oconee River.

‘These status surveys may also provide information on the occurrence of flathead and blue
catfish, two recently introduced, highly predatory species that are expanding their range.
Introduced catfish predation can negatively affect native sucker populations. The
primary objective of this project was to locate other remnant populations of robust
redhorse. :

Preliminary surveys for robust redhorse were planned for the Broad River and Brier
Creek, two major tributaries of the Savannah River. Historical collections of robust
redhorse are known from the Savannah River near Augusta. Robust redhorse remains
were also identified from a shell midden in the floodplain of Brier Creek. However, only
the Broad River could be sampled during 1995 because of time constraints associated
with fund availability and acquiring the necessary sampling gear.

Eight collections were made with boat-mounted electrofishing gear in Madison and
Elbert Counties, GA, during December 1995 and January 1996. Several sucker species
were collected including silver redhorse, northern hogsucker, and jumprock, but no
robust redhorse were collected. Carpsuckers were seen but not captured. Silver redhorse
were particularly abundant, as were Asiatic clam Corbicula sp. Corbicula sp. are a food
item of robust redhorse. Flathead catfish were also collected, having been introduced
into Clarks Hill Reservoir in 1964. However, most individuals were small and flathead
density appeared low. The existence of flathead catfish within the drainage for many
years, and the abundant and diverse sucker population in the Broad River, suggested that
flathead catfish may have limited success colonizing the upper Broad River system.

Preliminary sampling in the Broad River indicated that suitable habitat and a forage base
were available for robust redhorse. Brier Creek was believed large enough to support
robust redhorse, and records exist of a prehistoric population. The researchers suggested
Brier Creek should remain a priority for future robust redhorse surveys.
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3.2.2 1996 Research Summaries

Project 1. Effects of Temperature and Water Flow on the Incubation and Survival of
Robust Redhorse eggs and larvae

Although robust redhorse spawning was documented in the Oconee River, it appeared
that the abundance of larvae and juveniles was low. This suggested that environmental
conditions may be unsuitable for incubation of eggs and larvae. Little was known about
the early life history requirements of robust redhorse, and temperature and water flow are
two of the most critical factors influencing the survival of fishes during early life stages.

This project was designed to provide information regarding optimum incubation
parameters for robust redhorse eggs and larvae. If temperature and/or flow conditions
were problematic within the Oconee River, this project could help provide information
for a solution, and help determine factors needed in other rivers that are prospective
stocking sites for establishing reproducing populations.

In addition, egg to fry survival rates had been very low under laboratory conditions. Data
gathered from this project could be useful in establishing more efficient hatchery
protocols for producing robust redhorse fingerlings. Specific objectives of this project
were to:

1) examine incubation success through a range of flow rates and turbulence levels, and
2) examine the effects of water temperature on incubation success.

Fertilized robust redhorse embryos obtained from the hormone-induced ovulation work
conducted earlier in the spring were used for this study. An incubation system that
allowed control of water temperature and flow velocity for replicate groups of embryos
was constructed. Water flow treatments ranged from a low flow rate that produced no
turbulence to a high flow rate that produced high turbulence for the incubating eggs.
Five temperature treatments were used, which included 15, 19, 23, 27, and 30 °C. Six
replicates were to be used for each flow rate at each temperature. Surviving larvae were
counted and examined for deformities immediately after each trial was completed.

Surprisingly, the robust redhorse embryos were positively buoyant when introduced to
the study chambers. This was the first, and only, time that positive buoyancy had been
noted during incubation. A control group of embryos placed in McDonald hatching jars
also floated. It was thought this buoyancy could have occurred as a result of changes in
internal gas pressures within the embryos during transport or tempering. Because of this
buoyancy problem, data regarding temperature effects reflect all flow treatments
combined. Data collected on the effects of flow and turbulence was deemed not
statistically defensible by the researchers, and was presented only in support of, and as a
guide to, future studies dealing with temperature and flow effects on incubation.
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The highest survival was encountered at 23 °C and decreased as water temperature
increased or decreased. None of the 4,800 embryos subjected to 30 °C survived, and
deformities were most prevalent at 27 °C and 15 °C. Incomplete spinal development was
the most common deformity. This type of deformity would almost certainly result in '
death. '

In sustained flow treatments survival was extremely low for the high-flow, high-
turbulence levels. No strong relationship was observed between survival and flow rate
when embryos were transferred to low turbulence treatments at the start of hatching.

The highest survival rates occurred at 23 °C (32%) and 19 °C (23%). Similarly,
deformities were lowest at 19 °C (3%) and 23 °C (4%). These data suggest possible
optimum incubation temperature around 23 °C, and that temperatures higher than 27 °C
or lower than 19 °C would likely contribute to significant mortality. Water temperature
* data collected at the spawning facility during broodfish collection efforts ranged from
17.3t0 26.1 °C. Therefore, it is possible for wild-spawned robust redhorse larvae to be
exposed to high, possibly detrimental water temperatures in late May.

Sustained flow versus reduced flow treatments indicated robust redhorse fry may
experience higher mortalities when exposed to adverse conditions after hatching. This
research indicated that yolk-sac fry may be a critical developmental stage relative to
environmental conditions. This suggested that robust redhorse fry could be susceptible to
mortality if displaced from the gravel before the yolk-sac is fully absorbed.

Even though unexpected problems affected this study, the information provided was
useful in many ways to the overall goals of the recovery effort. The results of this project
suggested that yolk-sac fry are the most vulnerable life stage, and that physical and/or
biological processes affecting the substrate during their presence is worthy of future
study.

21



Project 2. Swimming Performance of Larval and Juvenile Robust Redhorse:
Implications for recruitment in the Oconee River, GA

One hypothesis for the apparent lack of recruitment in the Oconee River robust redhorse
population was negative impacts of hydropeaking flows on early life stages.
Hydrological conditions downstream of peaking facilities can be highly variable, and
may influence water depth, velocity, and temperature, and possibly other factors
involving the spawning substrate. The variability in depth and velocity is of particular
importance, especially for those fishes that may require relatively shallow and slow
habitat conditions during early life stages. Therefore, the swimming ability of a species,
and its ability to maintain position in desired habitats, may be a critical factor to survival.

Through laboratory experiments, this project attempted to document the swimming
ability of three size classes of larval robust redhorse under varying flow conditions. A
literature review provided information regarding the swimming ability of robust redhorse
relative to other fishes. The overall goal of this project was to test the hypothesis that
larval robust redhorse could tolerate typical low-velocity currents that occurred during
power generation at Sinclair Dam. Specific objectives were to:

1)measure prolonged swimming speeds of three size-classes of larval and juvenile robust
redhorse in a gravity-flow current flume, and

2)determine the availability of larval fish rearing habitat, defined by current velocity,
varied between minimum and peaking flow releases at Sinclair Dam during May and
June when early life stages of robust redhorse would be most vulnerable to flow.

Swimming Performance

About 1,000 newly hatched robust redhorse larvae were randomly selected from those
available from the artificial spawning efforts. Swimming performance was measured by
determining the failure velocity (FV50). Mean total length of the three size classes was
13.1,16.2, and 20.4 mm. Swim-up typically occurred at about 11 mm total length.
Water temperature was kept constant for each size class of fish tested, but was increased
with increasing size classes to simulate water temperature that the specific size class
would have experienced in the Oconee River during May and June. The range of current
velocities tested was 3.6 - 6.7 cm/s, and the mean increment between test velocities was
1.1 cm/s. For this project, current velocity and fish score (pass/fail) were synonymous
with toxin dosage and animal survival in toxicity experiments.

Larval and juvenile robust redhorse often responded to increases in current velocity by
laying on the bottom of the swim tube. Once the fish started swimming, swimming
behavior was more similar to striped bass Morone saxatilis than larval and juvenile
Colorado squawfish Ptychocheilus lucius. Robust redhorse exhibited photopositive
behavior when positioning within the swim tube.

The proportion of robust redhorse that successfully completed a 1 hour swimming trial at
a prescribed velocity decreased as velocity increased for each size class tested.

Prolonged swimming speeds increased with length for larval and juvenile fish. However,
the increase in swimming performance from 13.1 to 16.2 mm fish was greater than the
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increase from 16.2 to 20.4 mm fish. FV50 values were estimated for both 30 minute and
60 minute intervals.

Swimming speeds of yolk-sac (13.1 mm = 6.9 cm/s, 5.3 BL/s) and larval robust redhorse
(16.2 mm = 10.6 cr/s, 6.5 BL/s; 20.4 mm = 11.7 cmo/s, 5.7 BL/s) were among the
highest reported for early life stages. Prolonged swimming speeds were greater than
striped bass (lowest reported), but less than Colorado squawfish (highest reported).
Swimming performance of larval robust redhorse was high, as expected.

Rearing Habitat Modeling

Four study sites were used to assess the effects of peaking flow releases on rearing
habitat availability in the Oconee River at seven river discharges (500 - 6,000 cfs).
PHABSIM models developed by EA Engineering during relicensing studies for Sinclair
Dam were used to estimate robust redhorse rearing habitat, using swimming performance
data gathered as part of this project. Mean Weighted Usable Habitat (WUH) was
calculated at seven discharges for each of the four study sites, and was based on the
swimming performance of the 13.1 mm size class larvae. Regression analysis was used
to evaluate the relationship between discharge and rearing habitat.

Availability of larval robust redhorse rearing habitat was relatively low at the Avant
Mine, Georgia Railroad Bridge, and Highway 57 study sites at all river discharges. The
greatest mean WUH estimates were calculated for the Dublin site at 4,000 - 6,000 cfs.
Relationships between mean WUH and discharge were not significant at the Avant Mine,
Georgia Railroad Bridge, or the Highway 57 study sites. However, a positive
relationship was evident between discharge and habitat availability for Dublin study site.
These data suggested that peaking flows did not cause current velocity to limit larval
robust redhorse rearing habitat in the Oconee River. High discharge was actually related
to increased rearing habitat at Dublin, the furthest site downstream from Sinclair Dam.

These results indicated that even though WUH was not correlated with discharge (at
three sites), the position of appropriate rearing habitat was dynamic during changing
discharges. The conclusion that hydropeaking events at Sinclair Dam did not limit
available larval habitat assumes that larval fish can move as the habitat moves within the
River. Although the quantity of larval robust redhorse habitat (based on depth and
current velocity) was estimated during this project, the quality of this habitat remains
unknown.

Project 3. Reproductive and Recruitment Success of Robust Redhorse in the Oconee
River, GA (Year 2)

This project was a continuation of similar work performed during 1995, with intentions
to build on information learned during the initial phase of this project. The objectives for
this project were modified slightly, based on 1995 sampling results and new hypotheses
regarding the fate of eggs and larvae within the gravel substrate. The 1996 objectives for
this project were:
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1) document continued spawning activity,
2) determine abundance of larvae in spawning sites, and
3) determine the abundance of larvae in the Oconee River

Weekly sampling of larval and juvenile fishes was conducted during approximately the
same time frame as 1995, again using pushnets, D-ring nets, light traps, and seines. A
benthic pump was used at the spawning site to determine if eggs were being deposited in
the gravel, and to quantify the abundance of eggs and larvae. Water depth, velocity,
temperature, turbidity, and dissolved oxygen were again collected for each fish sample.
Handling of samples was similar to the previous study. Twenty percent of the sample
residues were re-examined to determine to efficiency of project personnel extracting
larval fish.

The catch of larval and juvenile fishes in 1996 was similar to, but slightly lower than the
catch from the same reach of river during 1995. Four hundred twenty-two samples were
collected that contained 38,715 larval and juvenile fishes that represented 11 families.
Cyprinids comprised about 90% of the sample by number, and as in 1995, Catostomids
were well represented in the catch.

Some robust redhorse eggs and larvae were collected at the spawning site with the
benthic pump, but in very low numbers. A laboratory experiment helped determine that
the benthic pump was about 33% effective in sampling fertilized robust redhorse eggs
from gravel substrate, which may partially explain the low catch.

Only three larval robust redhorse were caught in icthyoplankton drift samples, which led
to much lower estimates of density (1.5 - 3.5 per 1000 m3 of water) than in 1995 (0.0 -
13.4 per m3 of water). The 1995 density estimates were obtained during early to mid
May, and the density estimates for 1996 were obtained during late May and early June.
Whether these density estimates represented actuval differences in larval robust redhorse
abundance, or the estimates reflected temporal differences in fish collection was unclear.
Densities of larval robust redhorse sampled from the gravel substrate also appeared low.
These low estimates may have been be a reflection of sampling efficiency, however,
overall densities of larval robust redhorse in the Oconee River seemed low relative to the
large numbers of spawning adults frequenting gravel areas.

Thirty-six juvenile silver redhorse were collected during 1996, but no robust redhorse
juveniles were collected. Early assumptions were that robust redhorse and silver
redhorse occupied the same or similar habitats, and would behave similarly with regard
to avoidance of sampling gears. If these assumptions were true, differences in catch
rates should reflect actual differences in species abundance. However, juvenile robust
redhorse have demonstrated extremely wary behavior in the laboratory, and have proven
difficult to capture in hatchery ponds. Differences in behavior and/or habitat preference
may partially explain reduced catch rates of robust redhorse juveniles from the Oconee
River, or the actual numbers of juvenile robust redhorse may be extremely low.
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Another possibility for the apparent differences in abundance may be spawning time as
related to river conditions. Silver redhorse spawn earlier in the spring than robust
redhorse, possibly when river conditions would be less affected by hydro operations.
During May when robust redhorse typically begin spawning, peaking ability at Sinclair
Dam can be extremely important to the Southern Electric system. Other projects
conducted during 1996 attempted to determine the possible relation between generation
flows, habitat stability, and robust redhorse recruitment.

3.2.3 1997 Research Summaries

Project 1. Effects of Temperature and Water Flow on the Incubation and Survival of
Robust Redhorse Eggs and Larvae (year 2)

Initial work for this project was begun in 1996, however, unexpected problems with egg
buoyancy prevented statistical analysis and confidence in portions of the study. This
project was designed to repeat the initial flow and temperature study with redesigned
flow chambers, as well as confirm and refine results obtained during 1996. Specific
objectives were to:

1) refine estimates of optimum temperature for incubation of eggs and fry,

2) determine optimum flow rate for hatching success of eggs and development of larvae,
3) evaluate interactive effects of flow and temperature on survival of eggs and larvae,

4) determine if eggs from early-, peak-, and late-spawning fish, and from different
parental crosses, respond similarly to the effects of temperature and flow.

Complete analysis of this project was not available for this report, however, preliminary
data appeared to confirm earlier results. Narrower ranges of temperatures tested
indicated that water temperatures around 21 - 23 °C may be optimum for survival of eggs
and larvae. These data also showed that higher tested flows resulted in higher mortalities
to both eggs and larvae than the lower flows tested. In addition, some flow trials resulted
in good egg incubation, but were lethal to fry. These results appeared to confirm earlier
suspicions that yolk-sac fry were more fragile than either eggs or swim-up fry.

Project 2. Effects of Gravel Quality and Percent Fine Sediment on the Hatching and
Survival of Robust Redhorse Eggs ’

This project represented the next logical step in a series of studies designed to address the
apparent lack of recruitment of robust redhorse in the Oconee River. Previous projects
have documented continued spawning, egg deposition in the gravel, and that survival to
emergence (STE) was low. Sedimentation has been shown to negatively affect survival
of salmonid eggs and larvae. It was believed that examination of some of these same
factors in the Oconee River could further narrow the possible causes for low STE of
robust redhorse. The goal of this project was to determine if the low abundance of larvae
and observed absence of juvenile robust redhorse were related to poor incubation habitat
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in terms of gravel quality and percent fine sediment. The specific objectives of the
project were to:

1) determine the size(s) of gravel most suitable for survival of robust redhorse larvae,
2) evaluate the effects of fine sediment on STE,

3) determine if suitable-sized gravel is present in the Oconee River in high enough
concentrations to permit high STE.

To determine gravel size most suitable for survival of larvae, five treatments of various-
sized gravel were used that represented the range of gravel sizes available in the Oconee
River. A fixed volume of fertilized robust redhorse eggs would be incubated in each
gravel treatment. The substrate producing the highest percentage of larval emergence
would be considered optimum size for robust redhorse STE.

To determine the effects of percent fine sediment on STE, treatments would involve fixed
volumes of fertilized eggs placed 6 - 15 cm deep in separate trays of optimum-sized
gravel. Other projects have determined that robust redhorse eggs are usually buried
between 6 - 15 cm in the gravel substrates during the spawning events. These treatments
were inoculated with 25%, 50%, or 75% fines. Three replicates of each treatment
combination were evaluated. Water temperature and flow was be controlled to mimic the
conditions present in the Oconee River during the time of the experiment.

Preliminary results indicated that peak emergence occurred on day 16, somewhat later
than occurred during normal hatchery operations. Results also indicated that lower
percentages of fines in the gravel contributed to greater STE. Preliminary conclusions of
this project were that gravel quality, in terms of size and amount of fine sediments
present in the Oconee River, may affect STE of robust redhorse.

Project 3. Substrate Stability and Spawning Behavior of Robust Redhorse in the Oconee
River

Substrate Stability

The purpose of this project was to continue narrowing the focus of the research into the
possible causes of low recruitment in the Oconee River, based on what had been learned
from previous projects. Other projects have pointed to the early life stages of robust
redhorse as the possible bottleneck for this population. The physical characteristics of
spawning sites and the stability of these areas during spawning may be important factors
in recruitment process from yolk-sac larvae to emergent fry. Specific objectives of this
project were to: _

1) characterize physical attributes of known spawning sites,

2) estimate potential change in physical habitat from hydropower operations at Sinclair
Dam, '

3) estimate the potential for physical movement of gravel to reduce STE,

Gravel mobility was assessed by calculating and comparing shear stresses on the gravel
bed during various hydropower operations. United States Geological Survey rating
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curves for the Avant Mine site were collected, and additional channel and bed
composition surveys were conducted. Direct observations of particle movements were
conducted with tracer gravel studies, and evaluated across a range of hydro operations.
In addition, scour chains were used to assess the amount of scour and fill that might
occur during hydro operations. A model was developed to help describe potential gravel
movements at various flow regimes.

This project also attempted to assess any change in fine sediment composition of gravel
areas during hydro operations. Freeze core substrate samples were used to describe these
changes. Bed sediment transport was measured with pit-fall traps and modified
Whitlock-Vibert boxes. Suspended sediment was measured with rising stage samplers.

Preliminary results of this study indicated that gravel patches were relatively stable
across a 2,000 cfs flow event. Habitat modeling of the study site showed that shear
velocities remained relatively low over gravel habitat, although shear velocities at higher
modeled discharges could pose problems for emerging larval suckers. Freeze core
samples documented that robust redhorse eggs are distributed to depths greater than 9 cm
below the substrate surface. Fine sediments within the core samples were not abundant,
although it appeared the repeated spawning acts may help to displace much of the finer
sediments from the substrate.

Spawning Behavior of Robust Redhorse

Results of previous studies suggested that robust eggs were buried in gravel substrates
during spawning events. The possibility that repeated spawning events at the same site
may dislodge or damage already deposited eggs was worthy of investigation. This
project was to document the mechanics of egg burial, and further characterize
microhabitat of known spawning areas. Specific objectives of this project were to:

1) determine the mechanics of egg burial and any effects of repeated spawning acts on
the same site,

2) identify the commencement of spawning at known and suspected spawning sites in
the Oconee River, ‘

3) determine if shifts in spawning activity occur with changes in water stage,

4) determine if cyprinids previously seen near spawning areas were feeding on drifting
eggs or larvae.

During April and May, 1997, at the Avant Mine site, robust redhorse were observed
exhibiting pre-spawning behavior (swirling and porpoising). Frequent high flows
associated with rainfall events and the usually high spring turbidity hindered efforts at
direct visual observation. At times, hydro-acoustic equipment was used to monitor
robust redhorse activity. Most spawning activity was observed in water less than 75 cm
deep, although the researchers were unable to directly observe fish in deeper water.

An underwater microphone was used to record sounds made by spawning redhorse.
Recordings were made during observed spawning events, and were diagnostic for the
presence/absence of spawning fish. Sounds result from the displacement and agitation of
gravel during the spawning act. The sounds were usually intense enough to be heard out
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of water. Some investigators could feel the vibrations in the gravel bed. The microphone
has the potential to help monitor spawning activity during conditions where direct
observation is impossible.

Bannerfin shiners Cyprinella leedsi observed near the spawning site were collected with
seines. Bannerfin shiners appear to be drift feeders, and stomach content analysis of the
captured fish indicated that the shiners were actively feeding on robust redhorse eggs and
larvae.

Preliminary data indicated robust redhorse eggs were usually highly concentrated in
localized areas. These data also suggested at least some eggs were not buried during
spawning events, or were possibly dislodged by other spawning events.

Researchers determined that robust redhorse were spawning during times of high flow
and turbidity that would have prevented direct observation. These data also suggested
that robust redhorse were spawning during discharges in excess of 2,300 cfs. This
preliminary evaluation indicated that robust redhorse may successfully spawn in a wide
range of flow conditions.

Project 4. Reproductive and Recruitment Success of Robust Redhorse in the Oconee

River (year 3)

This project was a continuation of larval fish sampling that began in 1995. The purpose
of this project was to help determine whether the causes of the apparent recruitment
failure in the Oconee population is biological or environmental. Monitoring the
abundance and distribution of larval and juvenile robust redhorse in the Oconee River is
also a critical component of the work necessary for determining the effects of the new
flow regime at Sinclair Dam. The specific objectives for this project were to:

1) determine abundance of larval robust redhorse in spawning sites, and

2) determine the abundance of larval and juvenile robust redhorse in the Oconee River.

As in the previous two years, this project involved the use of multiple gear types to
collect larval and juvenile fishes from the Oconee River, including pushnets, light traps,
and seines. Water temperature, depth, velocity, turbidity, and dissolved oxygen were
again measured for each sample collection.

Preliminary results for this project indicated that 25 larval and post-larval robust redhorse
were captured. Nineteen were caught with pushnets, five with seines, and one was
caught in a light trap. This catch, during the first year under the new flow regime, more
than doubled the highest abundance estimate from previous years. Peak density (# per
1000 m3 of water) estimates for 1995, 1996, and 1997 were 13.4, 3.4, and 32.1,
respectively. No YOY robust redhorse were captured, so there was still little evidence of
recruitment to the adult population. It could not be determined whether the observed
increase in larval density was a true reflection of larval abundance, or if sampling
efficiency improved. However, these results were encouraging.
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Project 5. Age, Growth, and Maturation of Robust Redhorse

Age, growth, and age at maturation data were lacking for the robust redhorse, and also
for its believed closest relative, the river redhorse Moxostoma carinatum. This project
would help determine some critical aspects of robust redhorse biology, including the age
of sexual maturity, typical and maximum longevity, reproductive potential of the species
during a given year, and reproductive potential over the life span of individuals. These
data would also provide valuable information on the age structure of the Oconee River
population. Accurate age structure information could be important by allowing
determination of environmental conditions in the Oconee River when strong and weak
year-classes were produced. The river redhorse was included in this study partially
because large sample numbers of robust redhorse of varying sizes are not currently
available, and it was suspected that published accounts of age, growth, and maturation of
river redhorse were erroneous.

Other researchers have demonstrated the validity of using opercles for long-lived fish.
Opercles were the primary hard structures used during this project for aging redhorse,
although a few lapillus otoliths were aged to determine similarity with opercles.
Preliminary work by Dr. R.E. Jenkins on robust and river redhorse opercle bones
indicated that one major annulus was formed on the opercle during each year. All
available (38), wild-caught, adult specimens of robust redhorse were used for developing
age-growth relationships, in addition to pond-reared juveniles. About 500 specimens of
river redhorse were to be used. The opercle method was validated using 1) known-age
fish, 2) marginal increment analysis, and length-frequency analysis. Length-frequency
analysis may only be useful for younger redhorse because of extensive overlap in adult
fish size. Specific objectives of this project were to:

1) determine year-class of all wild caught robust redhorse,

2) age at each annulus,

3) sexual differences in growth, if any,

4) age and size at maturation by sex,

5) length-weight relationship,

6) geographic variation in growth,

7) comparison of ages determined by opercles, otoliths, and scales, and

8) morphological growth trajectories

This project is currently incomplete, but preliminary results indicated that opercles were
a valid structure for aging robust redhorse. For fish age 10 years and older, scale ages
were slightly to grossly underestimated relative to opercle ages. Scales may be
acceptable to about age 5. Beyond age 5, the use of scales may lead to underestimation
of robust redhorse ages.

Mean age of the 34 Oconee River specimens used for aging was 18; 17.4 for males and
19.1 for females. The youngest fish were an age 4 male and an age 10 male. Ages 11-15
were represented by 6 fish, ages 16-20 by 14, and ages 21-25 by 12 fish. These data
suggested an older-aged population with little recruitment. Survival to adulthood
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occurred unevenly across years. Year classes of the 34 fish span 1967 - 1988. Of these
22 years, 13 are represented by 1-5 fish. Age at maturation is probably 4-5 for males and
5-6 for females.

Back-calculation of lengths-ai-age indicated length increase to be moderate in year 1,
relatively rapid in years 2-5, and generally slowing to little or no advancement of length
in ages 15-25. ‘

The heaviest fish, a gravid female, was collected by EA Engineering, Science, and
Technology on 22 May 1993. This fish was reported to be 8 kg (17.64 1b) and 682 mm
TL. The longest robust redhorse was 732 mm TL, caught during spring 1995. The
largest reported river redhorse was a female taken from the Elk River, Missouri, in April,
1986. That fish weighed 7.743 kg (17 1b 1.12 oz) and was 812.8 mm in total length.

Oconee River adult females were larger than males on average, which is typical of

redhorses. The quadratic equation for the length-weight relationship of the 38 fish was:
Wt =729.3805 - 11.2276(SL) + 0.0333 SL?, R*=0.733.

Project 6. Genetic Investigation of the Oconee River Robust Redhorse Population

One of the original questions concerning the lack of recruitment in the Oconee River
population centered around the numbers (est 1,000 - 3,000) of adults using a few known
and suspected spawning sites. There seemed to be a good possibility for inbreeding, or at
least a probability of low genetic diversity, within the Oconee River robust redhorse
population. Recovery efforts for other species have often been heavily criticized for
initiating stocking programs without genetic characterization of wild and hatchery stocks.
In order to successfully establish other reproducing populations, or restock the Oconee
River if necessary, answers regarding of the genetic diversity of the robust redhorse could
be valuable. Specific objectives of this project were to:

1) determine if the Oconee population contains single or multiple genetic stocks,

2) compare nuclear DNA of hatchery and native stock,

3) determine the extent of inbreeding within the Oconee River population.

4) Develop rapid and sensitive PCR-based approach to identify young life stages of
robust redhorse from a mixed sucker species, early life stage collection.

Preliminary results indicated genetic diversity of the Oconee River robust redhorse
population to be on the low end of normal range when compared to other species. As of
October, 1997, no significant evidence of inbreeding in the Oconee population.

Investigators continue to collect tissues samples for use in this project. Funding for this

project was provided to Dr. Tke Wirgin of New York University by EPRI, Duke Power,
and Carolina Power and Light.

Project 7. Surveys for Additional Populations of Robust Redhorse

‘,
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Candidate stream reaches within the hypothesized historic range of the robust redhorse
were prioritized using a variety of data sources. Based on the initial work, the Savannah
River system and the Ohoopee River in Georgia, and the Broad River system in North
Carolina emerged as primary candidates for remaining populations. Streams would be
surveyed with electrofishing gear. The objectives of this project were to:

1) survey likely stream reaches for other remnant populations of robust redhorse.

2) conduct habitat assessments of stream reaches.

Surveys of the stream reaches included assessment of access potential, gross habitat
assessment, and fish collection. One sampling trip was made to the Savannah River in
the vicinity of U.S. Highway 301. High water levels prevented a thorough habitat
assessment, and hindered fish collection efforts. A few spotted suckers Minytrema
melanops were collected, but no robust redhorse.

Brier Creek in the Savannah River system was sampled in the fall. Fish abundance
appeared low, and no suckers were captured. Relatively high water levels may have
influenced electrofishing catch rates, but were suitable for a general habitat assessment.
This reach was characterized as a lowland river swamp, with a poorly defined and
braided channel. Little habitat was encountered that would be considered suitable robust
redhorse spawning habitat.

The Ohoopee River was scheduled for survey, but high flow conditions prevented
sampling efforts. However, information regarding boat and vehicle access was noted, as
were reports of potential spawning shoals.

The upper Broad River system (Santee River drainage) in North Carolina was also
sampled. Anecdotal reports of “large, redhorse suckers” spawning in the Rocky Broad
River had been received. Spawning redhorse were observed in May, 1997, in the Rocky
Broad River, but were identified as black redhorse Moxostoma dugquesnei. No robust
redhorse were observed.

The Green and Rocky Broad Rivers in North Carolina was sampled in November, 1997.
This was actually part of a large, cooperative effort involving several individuals,
agencies, and private companies. No robust redhorse were captured, although several
other species of suckers were collected.

324 1998 Research Summaries

The following projects are either ongoing or will be attempted during 1998.

Project 1. Effects of Temperature and Flow on Incubation of Robust Redhorse Eggs and

Larvae
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This project is a partial continuation of work done in 1996 and 1997 aimed at developing
more efficient techniques for hatchery production of robust redhorse. In addition, this
project would have some applicability to the success of early life stages of robust
redhorse in the Oconee River. Early attempts at some portions of this project achieved
varied success. Less successful attempts often resulted from unforeseen and/or
uncontrollable factors. Slight modifications and refinements were made to these studies
based on information gained during previous studies. Modifications include a narrowing
of the range of temperatures tested, and further investigation into the interactive effects of
water temperature and flow on early life stages.

Project 2. Effects of Gravel Quality and Percent Fine Sediment on the Hatching success
of Robust Redhorse Eggs

This project is a continuation of a similar project conducted during 1997. During 1997,
the percentages of fine sediment inoculated into the gravel treatments were 25, 50, and
75%. To determine the critical level of percent fines in the spawning substrate this
project will focus on substrate composition containing 5, 10, 15, and 20% fine sediment.

Project 3. Reproductive and Recruitment Success of Robust Redhorse in the Oconee

River (Year 4)

This project is a continuation of earlier work to document the abundance and distribution
and larval and juvenile robust redhorse in the Oconee River. This project is also of
fundamental importance for documenting any changes in recruitment that may result
from the new flow regime at Sinclair Dam or other unknown and possibly uncontrollable
factors. Modifications to this project for 1998 include sampling of tributary streams to
the Oconee River, and deep water, main channel seining. Other aspects of larval and
juvenile fish collection will remain essentially the same.
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Project 4. Age. Growth, and Maturation of 'Robust Redhorse

This project is a continuation of the age and growth project described in the previous
section. The goals and objectives remain unchanged. The continuation is primarily to
allow time for dealing with many new specimens of river redhorse, juvenile (pond
reared) robust redhorse, and developing adequate age-growth relationships for these
species.

Project 5. Genetic Investigation of the Oconee River Population of Robust Redhorse

This project is a continuation of the project started in 1997 by Dr. Ike Wirgin at New
York University, and is again funded by Duke Power, CP&L, and EPRI. The goals and
objectives of this project are essentially unchanged from those described in the previous
section of this report, although samples from the Savannah River will be included.

Project 6. Surveys for Additional Populations of Robust Redhorse

A Georgia Power crew collecting fish samples for routine radiological analysis near Plant
Vogtle downstream of Augusta GA, captured a single adult robust redhorse from the
Savannah River in October, 1997. In addition, a South Carolina Department of Natural
Resources biologist reported the probable, but unconfirmed, observation of a robust
redhorse during fish sampling on the Savannah River near Augusta, GA. These
occurrences prompted the RRCC to organize large-scale sampling efforts to determine
the location and extent of any native robust redhorse population in the Savannah River.
Sampling was planned to be conducted during two separate occasions for different
reaches of the Savannah River during spring 1998.

On 20 - 21 May 1998, seven electrofishing boats sampled primarily two areas: from the
New Savannah Bluff Lock and Dam to about 12 river miles downstream, and from
Vogtle Electric Generating Plant downstream to about Little Hell Landing. These
reaches of the Savannah River are typically wide and deep, and represented a much more
difficult sampling task than the Oconee River. The Georgia Department of Natural
Resources, the-Institute of Ecology and the Cooperative Fish and Wildlife Research Unit
at the UGA, Georgia Power Company, Army Corps of Engineers, Tulane University
(LA), Kleinschmidt Associates, and Roanoke College (VA) supplied equipment and/or
personnel for these surveys.

During the two days, the boats accumulated more than 15 hours (total pedal time) of
electrofishing effort in search of robust redhorse. Effort was concentrated on sections
with meander bends, areas as similar as possible to those areas in the Oconee River
where robust redhorse occur. V-lip redhorse and spotted suckers were relatively
abundant, and a few carpsuckers were captured from furthest downstream location on 20
May. No robust redhorse were captured. Some boats working the upper area just
downstream from the New Savannah Bluff Lock and Dam reported observing a few large
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suckers in the electrical field, but these fish were not be captured. It is possible, but
unknown, if these observations were robust redhorse. Another, but probably less
intensive survey of these reaches will most likely be conducted in 1998 during the
typically low-flow period of September - November.

On 3- 4 June 1998, the Savannah River was sampled in the Augusta shoals area between
the City of August diversion dam and the New Savannah Bluff Lock and Dam. This
reach of the Savannah River is characterized by shallower water and more shoals and
rocky/gravely substrate than the downstream reaches sampled. The Corps of Engineers
provided low flows of about 6500 cfs during the sampling period, about half of which
would flow through the sampling area. The Georgia and South Carolina Departments of
Natural Resources, the UGA Institute of Ecology, EDAW, Inc, Georgia Power Company,
Duke Power, Roanoke College, and the North Carolina Museum of Natural Science
provided equipment and/or personnel to assist in these surveys. A total of five
electrofishing boats participated during the two day search for robust redhorse.

Four adult female robust redhorse were captured during the two days sampling, with a
few additional reports of large suckers seen escaping the electric field. The captured fish
were transported to McDuffie Hatchery for spawning attempts. It appeared that these
fish were overripe, and no usable eggs were collected. The fish were scheduled to be
released at the capture site on 8 June 1998.

The location of other robust redhorse in the Savannah River is significant. The extent
and condition of this population is unknown at present, but it is encouraging that other
individuals exist outside the Oconee River. The discovery of this population will
undoubtedly be a topic requiring much discussion of the RRCC, and some effort will
most likely be directed at broodfish collection from Savannah River during 1999.
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33 Broodfish Collection, Fingerling Production, and
Reintroduction

After the robust redhorse was rediscovered in the Oconee River in 1991 and the
significance of this discovery was established, attempts were made to spawn this species
during the springs of 1992, 1993, and 1994. Obviously, dealing with a fish whose
biology and early life history requirements were almost completely unknown to the
scientific community was a daunting task, even with the depth of professional and
experienced personnel that participated in the early years of this project.

Some (400) fertilized eggs were obtained during 1992 after holding a few adult robust
redhorse in tanks at Warm Spring Regional Fisheries Center. All eggs died within two
days. During spring 1994, the focus was on collecting ripe broodfish for transportation to
Warm Springs. Again, some eggs were produced and hatched, but none survived to
fingerling stage. It was not until the spring of 1995 and more formal experiments with
hormone induced ovulation that significant robust redhorse production was realized. The -
following section provides summary information regarding the production of eggs, fry,
and stockable fish. In most cases, very detailed records were kept regarding production,
pond stocking, pond harvest, transport, and reintroduction to other streams.

3.3.1 1993 year-class

A small number of eggs and fry were produced in the spring of 1993 and survived in
ponds to the fingerling stage. The RRCC decided that better survival in the wild might
be achieved if these fish were raised in captivity for two growing seasons, believing that
.the Jarger size of phase II fish would reduce vulnerability to predation.

From 9 March to 9 August 1995, About 545 robust redhorse juveniles from the 1993
year-class were reintroduced into the Broad River system, Georgia, at several locations.
More specifically, 250 juveniles were released into the South Fork of the Broad River at
Georgia Hwy 22, 195 juveniles were released into the North Fork of the Broad River at
Highway 51, and 100 juveniles were released into the South Fork of the Broad River at
Watson Mill State Park. The Broad River system was chosen as the initial reintroduction
site primarily for the following reasons: 1) suitable habitat and food source, 2) non-
existent or reduced densities of introduced catfish predators, 3) adequate access for future
sampling to determine survival, 4) local support from environmental organizations, and
6) relatively undeveloped watershed with good water quality and no hydropower
development.

Another creek within the Oconee River drainage was inadvertently stocked with a small
number of fish from the 1993 year-class. During June 1995, the dam on a rearing pond at
Walton State Hatchery broke and released about 200 juveniles into Dennis Creek.

Dennis Creek is a tributary of Little River, which ultimately flows into Lake Sinclair.
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These juveniles were apparently from a single mating. This occurrence prompted the
consideration of Little River as a site for future stockings to enhance the gene pool,
making the assumption that some of these original fish would survive to reproducing age.

3.3.2 1995 year class

The primary goal of the broodfish collection efforts during the spring 1995 was to
provide enough adult robust redhorse to meet requirements of the new hormone induced
ovulation studies. A specific fry production goal was not established prior to this work,
largely because rearing space was not a limiting factor.

A single electrofishing boat was used to collect broodfish from the Oconee River. Two
additional boats were used to transport broodfish from the capture site to the temporary
hatchery and holding facility near the boat ramp at Beaverdam Wildlife Management
Area. Previous work indicated that catch rates increased at low flows, and flows
necessary for broodfish collection efforts were coordinated through the Georgia Power
Company Control Center in Atlanta, Georgia.

From 1 -3 May 1995, 58 male and 33 female robust redhorse (that appeared to be good
candidates for spawning) were collected. Fertilized eggs (about 800,000) from 17
matings were transported to three hatchery facilities for incubation. These facilities were
the McDuffie State Fish Hatchery (GA WRD), Warm Springs Regional Fish Technology
Center (USFWS) and Whitehall Fisheries Laboratory (UGA). Attempts were made to
maintain incubation temperatures at 22 - 24 °C. From these eggs, about 73,000 fry were
produced. Overall survival from egg to swim-up fry was about 9%. Survival at the three
hatcheries varied from 18% at Warm Springs to less than 1% at McDuffie. The exact
causes for the high mortalities remain unknown, although it is suspected that one incident
of rapid temperature elevation at the McDuffie hatchery may have resulted in the loss of
almost all fry from this facility.

From 19 May to 26 June, about 70,000 fry were transported to rearing ponds at the
Walton and McDuffie State Hatcheries and the USFWS Bo Ginn hatchery in Georgia,
and to the McKinney Lake hatchery in North Carolina.

During 30 November and 1 December 1995, all ponds were drained and about 40,000
robust redhorse fingerlings were recovered for an overall survival rate of about 57%.
Survival rate varied among the ponds and ranged from 39 - 84%. Survival did not appear
correlated to stocking rate. These fingerlings were restocked at reduced densities to be
grown a second year. It was believed that an additional year of growth, and thus
additional size, would reduce the fingerling’s vulnerability to predators and enhance
overall survival when reintroduced to wild streams in the fall of 1996.

During November 1996, only about 3,104 phase II robust redhorse fingerlings were

harvested from the grow-out ponds at the various hatcheries. Overall survival from
phase I to phase II was about 8%, and individual pond survival ranged from 86% at
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Walton hatchery to less than 1% at several ponds at the McDuffie and BoGinn
hatcheries. '

Varyied mortality was experienced at all ponds under various environmental conditions
and handling procedures. No consistent pattern was revealed among the different
hatcheries and ponds, and the primary causes of mortality were unknown.

During November, 1996, about 1,424 total robust redhorse juveniles (1995 year class)
were stocked into the Broad River system, Georgia. More specifically, 150 juveniles
were released into the South Fork of the Broad River upstream from Watson Mill State
Park, and 150 juveniles were released into the North Fork of the Broad River near the
community of Franklin Springs, GA. About 1,124 juveniles were released into the
Hudson River near its junction with the Broad River.

About 1,377 juveniles were stocked into ponds at the Piedmont Wildlife Refuge to start
building a refugial population of robust redhorse. The small number of remaining
fingerlings were retained at McDuffie hatchery or sent to the UGA.

3.33 1996 year class

Collection and transportation of broodfish to the temporary spawning facility was
conducted as in 1995. Flows for broodfish collection were again coordinated through the
Georgia Power. Broodfish were collected and spawned on three occasions from 29 April
to 23 May 1996. A total of 12 females and 21 males were used to produce a total of
477,119 eggs. (Twenty-four crosses were made, but some of these crosses experienced
high mortalities for unknown reasons. It was unclear how many crosses contributed
significantly to the fry production. It appeared that the third spawning attempt near the
close of the natural spawning window produced the fewest fry). A portion of the total
egg production was used in various early life history studies.

After incubation, about 98,000 (about 30% survival from egg to swim-up) fry were
collected for transport to Walton and McDuffie State Fish Hatcheries. About 2,000 fry
were retained by the UGA for use in ongoing studies. The bulk of the fry were stocked
into four rearing ponds at the two hatcheries during June, 1996. These ponds were
harvested during February, 1997, and there was essentially no survival from any of the
ponds. About 400 fingerlings reared at UGA’s Whitehall Lab represented the only
production for the 1996 year class. Most of these fingerlings were transferred to the
SCDNR hatchery at Cheraw in March, and a small number were retained at Whitehall
Lab for use in other research.
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3.34 1997 year class

Broodfish collection resumed during 12 - 14 May and 19 - 22 May 1997 and methods
were similar to previous years. Fish were spawned at the Beaverdam WMA temporary
hatchery using the hormone induced ovulation techniques developed through research
projects. Largely because of the widespread failures of the 1996 year-class, the fry
production goal was increased to 200,000.

A total of 126 robust redhorse were collected during May, 1997, and 61 (48%) fish were
female and two (1.6%) were juveniles. Fifty-three fish were recaptures from previous
collection efforts. A total of 30 females and 45 males were transported to the spawning
facility. Eight females were spawned without the use of hormones and produced 79,491
eggs. Eight females also underwent hormone treatments (Ovaprim), and the spawning
rate for these fish was 100%. Artificially induced ovulation produced 280,683 eggs, for a
total 1997 egg production of 360,174. About 65,000 of these eggs were shipped to UGA
and Warm Springs Fish Technology Center for use in various research projects. The
remaining eggs were shipped to McDuffie hatchery, UGA, and Warm Springs. A portion
of these eggs were also used for early life history studies.

From the eggs used solely for production purposes, about 189,167 fry were produced.
This represented a tremendous improvement in production efficiency since work was
begun with egg and larval rearing requirements. Survival from egg to emergent fry was
11% in 1995, 30% in 1996, and 67% in 1997.

Greg Looney of the USFWS, in cooperation with other researchers, developed handling
procedures and hatchery protocol for use in robust redhorse production. These
procedures should prove valuable for hatchery managers and others involved in rearing
this species, and will hopefully contribute to greater survival rates from egg to fingerling.

During late May and early June, 1997, 182,127 fry were transferred to 12 grow-out ponds
at Burton, McDuffie, Walton, and Richmond Hill State Fish Hatcheries in Georgia, and
Dennis Center and Campbell hatcheries in South Carolina. After one growing season,
about 34,974 fingerlings were harvested from these ponds, resulting in an overall survival
rate of about 19%. Individual pond survival ranged from 76% to 0%.

Because earlier attempts at rearing these fish to phase II for reintroduction were not
successful, only about 20% of the 1997 year class was held back for a second growing
season. An additional 1,770 fingerlings were stocked into ponds at the Piedmont
Wildlife Refuge to supplement the existing refuge population of robust redhorse. All
remaining fish were reintroduced to the wild.

During November, 1997, about 24,256 fingerlings of the 1997 year-class were
reintroduced to the Broad River system, GA. Original sites stocked during previous
years were restocked, and several new sites within this river system were stocked for the
first time. New sites were selected in the North and South Forks of the Broad River,
Hudson River, and Hannah Creek.
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The Ogeechee River was a new reintroduction drainage for 1997. The Ogeechee River
was originally selected as a potential stocking site because it remains the largest Georgia
river without significant, current predation issues. In addition, the Ogeechee has a
diverse sucker population, good water quality, and a good mussel population. However,
the Ogeechee River may be more suitable as a site for raising future broodfish than
developing a reproducing population because of limited spawning habitat for robust
redhorse. During December, 1997, about 1,762 fingerlings were reintroduced to the
Ogeechee River at Mayfield and Jewell Mill.

3.3.5 1998 year-class

Attempts at broodfish collection during 1998 were met with many difficulties. The far-
reaching weather phenomenon know as El Nino most likely influenced the abnormally
high amounts of rainfall in Georgia during the winter and early spring 1997-98. The
Oconee drainage seemed particularly wet, as the Oconee River reached flood stage on
several occasions. Extended high reservoir inflows and expectations of continued rainfall
within the basin prevented the provision of low flows from Sinclair Dam for most of the
spring. These conditions made it impossible to conduct the usual early surveys to check
the location and spawning condition of robust redhorse. Only one broodfish collection
and spawning effort was possible beginning on 18 May. By the end of this period, low
flows provided from Sinclair Dam enabled river temperatures to approach 25 C or higher.
Earlier experience indicated that these river temperatures may not be conducive to
successful artificial spawning.

During the broodfish collection effort between 18 - 20 May, 14 female and 17 male
robust redhorse were transported to the temporary hatchery at Beaverdam WMA. Some
females were overripe or had other problems, and only four were successfully spawned.
Of these four females, one fish spawned three times, and the other three fish spawned
twice each. A total of 142,662 fertilized eggs were produced from 10 matings. These
eggs were then transported to McDuffie, Warm Springs, Dennis Center, and the UGA for
rearing and research.
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4. REINTRODUCTION MONITORING

A critical component in the recovery effort for the robust redhorse is to monitor the
success of the re-introduced populations. The Broad River system has received the most
significant stockings over the last few years and was the first system to be checked for
success. The upper sections of the Broad River have received slightly more effort than
the lower sections. During 1997, investigators collected silver redhorse, but could find
no robust redhorse. Flathead catfish were also absent from the collection in the upper
Broad River which was encouraging.

On 10 October 1997, about 200 Phase I fingerlings were stocked into Hannah Creek
below a low-head dam. The next morning, investigators made a search of the creek. A
total of 30 fingerlings were located within 2,610 feet downstream of the release site. The
largest fingerling was found the furthest downstream, and had moved through a
beaverdam and pool. Fingerlings were found in both slow and fast current areas, so a
preliminary estimate of juvenile habitat preference could not be made. However, there
were few predators present.

As of May 1998 monitoring is continuing on the Broad River system with a variety of
gears. Investigators have delineated 500 m reaches of this system with GIS, and are
systematically sampling these reaches on a weekly basis. No robust redhorse juveniles
have been captured. However, two fish were momentarily stunned, but not captured
during recent sampling that are believed to have been robust redhorse juveniles. One fish
was estimated to be about 15 inches long and the other fish was about 6 inches in length
(Dr. B.J. Freeman, personal communication). The Broad River system has thusfar
received fish from the 1993, 1995, and 1997 year-classes. Although not conclusive, this
report, indicating potential survival from two separate year-classes, was encouraging.

The lack of positively locating stocked fish during the early monitoring efforts should not
necessarily be interpreted as non-survival. Juvenile robust redhorse have proven difficult
to capture in closed systems even when their presence is certain. Additionally, the
apparent lack of juvenile robust redhorse in the Oconee River has prevented researchers
from developing a clear sense of preferred habitat for early life stages of this species.

The Broad River system still appears to be one of the better introduction sites.
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5. PUBLICITY, EDUCATION, AND OUTREACH

All parties involved with this project realized during the early stages that publicity,
education, and outreach could be critical to helping the recovery effort succeed. Because
this was a relatively new approach to conservation of imperiled species, it was necessary
to attempt to fully explain the rationale and methods of this approach to the media and
the public. Effective publicity regarding the robust redhorse recovery would help
heighten awareness of imperiled species and the importance of aquatic habitats, and
hopefully showcase the effectiveness of diverse stakeholder partnerships for conservation
and management of wildlife. Fortunately, media interest regarding this recovery effort
remains high.

The following is a short listing of some of the written publicity efforts to date. The
intent is not to document all articles, but simply to provide the reader information
regarding the extent and diversity of publicity efforts.

Back from the brink. Atlanta J ournal-Constitution

Monumental effort gives robust redhorse a chance. Macon Telegraph

Agencies out to save states’ robust redhorse. Atlanta Journal-Constitution

Robust redhorse conservation committee organized. Bulletin of the Edison Electric

Institute

Cooperative effort aimed at rare fish. Royston News Leader

Robust redhorse may be coming back. The Clayton Tribune

Georgia Power making progress protecting rare fish species. The Citizen Weekly

Robust redhorse fingerlings. Southern Company Environmental Review

A rosier future for the robust redhorse. Athens Daily News

The mystery fish. 10-page feature article in Southern Wildlife Magazine

o Cooperative recovery effort aimed at rare fish. Highlights, an internal publication of
the Georgia Wildlife Resources Division

e Developing stakeholder partnerships for the management of imperiled fish species: a
case study. Proceedings of the Waterpower ‘97 conference, Atlanta, Georgia

e Short article in Popular Mechanics magazine
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Numerous oral reports have been presented for professional societies, civic clubs and
organizations, and internal planning and review meetings by nearly every individual
involved with the recovery effort. It would be nearly impossible to keep track of each
and every presentation, particularly those made for university student classes and other
internal agency/company updates. The following is a sampling of the types and diversity
of known organizations that have received presentations about the robust redhorse.
Presentations have been made more than once to many of these organizations.

American Fisheries Society (AFS)

Southern Division AFS

Georgia Chapter AFS

Alabama Chapter AFS

South Carolina Chapter AFS

North Carolina Chapter AFS

North American Lake Management Society
Southeastern Fishes Council

Waterpower ‘97

Edison Electric Institute Biologists” Task Force
Auburn University Student Seminars

The University of Georgia Student Seminars
Quad-utility Biologist Meetings

Villa Rica, GA Lions Club

Roswell, GA Garden Club

Camp Creek Middle School, Atlanta, GA
Peach County High School

Bryan Middle School

As stated earlier, media interest regarding the robust redhorse remains high and publicity
has been considerable. In addition to the items listed above several television spots have
been aired by local stations, and the Georgia Public Television network included the
‘robust redhorse in a documentary of the state’s rare and endangered wildlife. Coverage
of some aspects of the recovery effort could also be viewed on multiple occasions on
Cable News Network (CNN) during 1997. The Georgia Department of Natural
Resources is also producing documentary films on the historic decline and recovery
efforts, with funding provided by the Georgia Wildlife Resources Division Fisheries
Section, GA WRD Non-game program, and Georgia Power Company. Copies of these
videos should be available in the near future.
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6. WHERE DO WE GO FROM HERE?

During the past few years, the RRCC has learned a great deal about the biology and
requirements of the robust redhorse through the cooperative efforts of many agencies,
universities, private utilities, conservation groups, and individuals. We have learned how
to produce eggs through hormone-induced ovulation, have achieved greater survival rates
from egg to fry, and are working to find solutions to other problems with fingerling
production. Numerous studies have and are being conducted on age and growth,
genetics, and the early life stage requirements of this species in relation to Sinclair Dam
and other environmental factors that are necessary for evaluating the new flow regime.
Reintroduction sites continue to be evaluated, and several reintroductions have been
made within the historic range of this species. A Candidate Conservation Agreement is
currently being developed to help facilitate reintroduction efforts in other drainages.
Another population of robust redhorse has been located in the Savannah River that could
serve as another source of broodfish for the recovery efforts, although the status and
extent of this population is presently unknown. While we can not yet say that this species
is recovered, we can say that significant progress has been made in the conservation and
restoration of robust redhorse. The RRCC should be able to proceed with the knowledge
gained during these initial efforts and hopefully accelerate the recovery process.

For 1998 and beyond, it is anticipated that the RRCC will continue to identify
impediments to the recovery, and create task groups and formulate solutions to
effectively deal with those impediments. The Advisory Team should soon have
sufficient data to begin formal analysis of the flows for the Oconee River, and make
decisions regarding the adequacy of present flows or the need for modifications in the
flow regime.

Primary issues for focus in the near future are the recently discovered Savannah River
population, reintroduction site evaluation and monitoring survival of stocked populations,
predation, habitat degradation, more efficient culture of fingerlings, and enhancing
communication among participating organizations and individuals.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of
SOUTHERN NUCLEAR OPERATING COMPANY Docket No. 52-011

!
[
!
|
(Early Site Permit-Vogtle Electric Generating Plant) |
]
|

DECLARATION OF SHAWN PAUL YOUNG, PH.D.

I, Shawn Paul Young, do hereby declare and say as follows:
Background
1. My name is Shawn Paul Young, Ph.D. I am currently a Post Doctoral Fellow and
Adjunct Faculty at Clemson University, Clemson, South Carolina. My business address is 261
Lehotsky Hall, Clemson University, Clemson, SC 29634. 1 submit this affidavit as a private
consultant to the Intervenors in this matter.
2. My professional and educational experience is summarized in the curriculum vitae
attached to this affidavit. Ireceived a B.S. in Environmental Studies from Northland College; a
M.S. in Aquaculture, Fisheries, and Wildlife Biology from Clemson University; and a Ph.D. in
Fisheries and Wildlife Sciences from Clemson University. I have ten years experience
researching the effects of human activities on fisheries and aquatic ecosystems, including six
years experience studying fisheries in the Savannah River Basin. In addition to my professional
qualifications, I have been an avid outdoorsman, fishing, hunting, and enjoying nature in every

manner since my early childhood.



3. I have completed 15 peer-reviewed publications relevant to fisheries and aquatic ecology.
I have been consulted by public, state, federal, and academic sectors in the subject area of fish
and aquatic ecology. I have presented scientific presentations at numerous professional
meetings, academic seminars, and citizen fishing association functions. At Clemson University,
I was honored with an outstanding employee award in 2003, and the fisheries research facility
previously under my management twice received facilities excellénce awards.

4. I am familiar with the application of Southern Nuclear Operating Company (“Applicant”
or “SNC”) for an Early Site Permit (“ESP”) at the Vogtle Electric Generafing Plant ESP site, and
SNC’s Environmental Review (“ER”). I have reviewed materials and data provided within the
documents describing the additional two units’ water intake, water consumption, and thermal
discharge into Savannah River, and subsequent potential impacts on the fish assemblage of the
Savannah River.

5. I am providing this affidavit in support of Intervenors’ contentions outlined in Contention
1 -- Impacts on Fishery Resources of the Savannah River. The opinions and conclusions I
express in this affidavit are my own and should not be attributed to Clemson University. My
affidavit explains j ustiﬁcation for the contentions stated and the request that additional data be
collected and modeling be performed to properly evaluate potential effects of the proposed
additional reactor units at Vogtle Electric Generation Plant (VEGP) on fishery resources of the
Savannah River. I have extrapolated my knowledge and experience in this subject matter to the
scenarios and data explained and detailed within Southern Nuclear Operating Company’s (SNC)
Early Site Permit Application and reiateddocumentation. I have arrived at conclusions dealing

with the matters stated herein and believe them to be true and correct.
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In the ER, SNC'’s conclusions that impacts to fishery resources are small or non-existent,
and do not warrant mitigation, are unfounded. Impacts from proposed additional units

and cumulative effects of proposed units combined with existing unit operation should be
substantiated and may be large.

6. An additional two units, especially in conjunction with operation of existing units, have
the potential for large cumulative impacts on the Savannah River fish assemblage. SNC fails to
provide an adequate analysis or evidence to support their assertions that impacts will be small or
non-existent. At one point, SNC states that twenty years of operating experience should be taken
as factual basis to suggest that Savannah River fish populations have not been adversely affected
by the operation of VEGP units and impact from additional units would be small. The only
analysis provided in the ER utilizes improper assumptions to model entrainment for the existing
intake structure. The additional units may pose higher impact levels than those assumed by SNC
in the ER. Without proper scientific study and analysis, there 1s no basis to conclude the
proposed new intake and discharge structures, alone or in combination with the existing facility,
will not have significant impacts on the Savannah River fish assemblage.

7. Many fish populations in the middle Savannah River are greatly reduced from their
historical numbers. The declines cited by fisheries experts are due to the incremental impacts
from dams, urbanization, industrialization, and nuclear power facilities, including the operation
of the Vogtle Plant (Marcy et al. 2005). Recently, several populations appear to be exhibiting
some recovery or. at least a halt in decline, which is likely due to increased awareness of fish
ecology and of human impacts on fish populations, prompting conservation and management
actions. For insfance, the moratorium on striped bass harvest was lifted in 2005 (Georgia and
South Carolina Departments of Natural Resources), and American shad populations appear to
have stabilized (Bailey et al. 2004). However, the moratorium on shortnose sturgeon and

Atlantic sturgeon remains due to severely depleted sub-populations in the Savannah River; the
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recovery of the robust redhorse, a sucker once proclaimed extinct, is still in the early stages; and
status of several species (American eel, quill-back sucker, and brassy jumprock sucker) are still
undetermined.

8. Additional units at VEGP will increase the stress that the Savannah River ecosystem is
already experiencing. Increasing the potential for entrainment at intake structures and thermal
discharge will perpetuate the poor condition of several Savannah River fishes.

The ER does not adequatelv address potential impacts to increased Water intake and
increased thermal discharge on fish in the Savannah River.

A. The ER’s conclusion regarding potential impacts of entrainment and impingement as a
consequence of increasing water intake is based on improper assumptions and lacks
appropriate analysis.

9. The ER states that 40 CFR § 125.94(a)(1)(1) indicates that if a facility’s flow is
commensurate with a closed-cycle recirculating system, the facility has met the applicable
performance standards and is not required to demonstrate that it meets impingement mortality
and entrainment performance standards. (ER at 5.3-1). The ER discusses the 1985 FES for
operation of VEGP Units 1 and 2, which evaluated entrainment at the existing intake structure
and concluded that there will be ﬁo significant effects on Savannah River fishes. (ER at 5.3-2).
From this, the ER concludes that the existing structure actually performs as predicted in the FES
and has no significant impacts. Based on the record of performance (or lack thereof), the ER
extrapolates that the new intake structure will likewise have insignificant impacts. Neither of
these conclusions is supported by empirical data and unwarranted based on the evidence at hand.
10. At minimum, a study of entrainment and impingement associated with the existing intake
structure is necessary to determine the cumulative withdrawal effects. The assumptions made in
this previous modeling of entrainment at intakes for existing units, discussed in the FES, are

improper and misleading. Without actual field study of the existing intake it is not possible to
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determine the level of impacts. SNC should undertake seasonal field studies to determine
species composition, distribution, and vulnerability to entrainment at the existing intake
structures.
11.  There is potential for large impacts to fish and invertebrate populations in the Middle
Savannah River near the VGEP site. Larval shortnose sturgeon, a federally endangered species,
and a high number of American shad and blueback herring larvae have been captured at the
Savannah River Site (SRS) intake structures (Paller et al. 1986; Wike 1998), which are in the
general area of the VEGP intake structures. SRS has conducted numerous field surveys to
determine entrainment in this area; yet, no data is provided in the ER. The ER contains no data
for seasonal or total entrainment losses by species or by life history stage. Based on my
knowledge of the area and re;/iew of the existing reported studies, I conclude that entrainment is
occurring at the existing intake structure, but at an unknown level of significance. Similarly,
there will be entrainment associated with the proposed new intake structure, but it is impossible
to determine the significance of the impact without additional study.
12.  The assumptions for the previous entrainment model developed in 1985 for the existing
units, discussed in § 5.3.1.2, are improper. First, the assumption of a uniformly distributed drift
community is invalid. The pattern of drift community distribution (i.e. the pattern of egg, larval,
“and early juvenile stages of fishes) would vary in time and space due to river flow fluctuations.
The Savannah River fish assemblage utilizes several life history strategies to survive the inherent
temporal and spatial heterogeneity of riverine habitats. Also, dispersal mechanisms also vary
from species to species and also across life history stages of each species. Differencés in
physiology make some species more susceptible to entrainment than others. Some examples are

(a) adhesive versus buoyant eggs; (b) immobile larvae versus highly mobile larvae; and, (c)
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resident fish with small home ranges (that may avoid VEGP) versus migratory fish that
ultimately must pass VEGP during vulnerable early life history stages on their journey down the
Savannah River to the Atlantic Ocean. Second, the entrainment analysis also assumes a
minimum guaranteed river flow of 5,800 cfs instead of the 7Q10 flow of 3,828 cfs.(ER at 5.3-2).
13. Entrainment rates will vary depending on the river flow. The maximum level of
entrainment occurs during low flow periods because reduced flow concentrates the drift
community due to river channel confinement. Low water levels confine organisms to smaller
habitat concentrating the number of organisms per unit of area in the vicinity of the intake
structures. This confinement increases the vulnerability to entrainment, and could have
differential impact from species to species. That is, some species may still avoid entrainment
while others suffer high mortality. The ER does not calculate normal and worst case scenarios
based upon species composition in the river channel at different flows.

14. Using the 7Q10 flow of 3,828 cfs, the ER calculates the current maximum withdrawal at
3% of total river volume. (ER at 5.3-2). In contrést, Marcy et al. (2005) report that 4.2% of the
Savannah River is withdrawn by the existing units (citing Wiltz 1981, DOE 1990). This
discrepancy may be due to the fact that the ER bases its calculation on the maximum withdrawal
rate of 120 cfs (53,860 gpm) assumed by the NRC in the FES for Units 1 and 2. The ER does
not include actual withdrawal data for Units 1 and 2, which may be higher than the rate used in

. the FES.

15. The expected rate of withdrawal of Savannah River water to replace water losses from
the circulating water system will be 18,612 and 37,224 gpm for one and two-unit operations,
respectively (see Table 3.0-1). The maximum rate of withdrawal during two—uﬁit operation will

be 57,784 gpm (128.8 cfs). (ER § 3.4.2.1). This is equivalent to 3.4% of the total 7Q10

Page 6 of I1



Savannah River flow. Assuming the maximum intake for the existing intake structure is 120 cfs
(53,860 gpm), then the existing structure currently withdraws up to 3.1% of the 7Q10 flow. (ER
at 5.3-2). Thus, the two intake structures will cumulatively withdraw up to 6.5% of the 7Q10
flow of the Savannah River.

16.  Finally, the analysis of the intake structure is flawed because it provides only a vague
summary of some fish species and life histories, rather than a comprehensive discussion of all of
the species likely to inhabit this reach of the Savannah River at different times of year. (ER §
5.3.1.2). In fact, the ER discusses only those species and their life stages that have a lower
probability of entrainment and neglect to address those with high susceptibility. In particular, the
ER féils to discuss the potential impact on important and commercially valuable species such as
shortnose sturgeon, American shad and blueback herring. As mentioned above, these species

have been collected in surveys of the reactor intake structure at SRS.

B. The ER’s conclusion regarding potential impacts of increased thermal discharge is not
supported by any evidence. '

17. The ER provides no scientific studies or field observations to support conclusions that
“‘cumulative impacts of the plumes from existing discharge and the proposed discharge on the
Savannah River will be small and will not warrant mitigation” and “neither plume is large
enough to affect the water quality or biota of the river” (ER at 10.5-2). First, the ER concedes
that no data on actual plume size has been collected since operation of the existing units
commenced. (ER at 10.5-2). Second, the computer modeling indicates the existing thermal
plume will mingle with the new plume, resulting in an increased volume of the river affected by
thermal discharge. Third, the ER o.nly discusses fish species and life history stages that provide

supportive argument that additional units will not affect fish species. For instance, SNC only
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states that American shad spawning migration does not appear to be blocked by the thermal-
plume, and spaV\-/n farther upstream with egg and larval development also occurring upstream, all
facts favorable to their application. However; they fail to include that American shad may also
spawn in the vicinity near VEGP and Savannah River Site (Paller et al. 1986), and larvae and
juveniles will be migrating downstream during their first summer and will migrate through the
vicinity of VEGP thermal discharge and intakes. No discussion or assessment of larval and
juvenile American shad behavior passing VEGP affected area is included. SNC’s failure to
adequately list, discuss, and assess potential impacts on the vulnerable life history stages of
fishes of the Savannah River warrants further investigation.

18. Similar to the entrainment discussion, no modeling or data are presented for thermal
discharge impacts at the variable river-flows that occur on the Midale Savannah River. Again, a
worst case scenario that produces a maximum impact from thermal discharge would be the 7Q10
flow of 3,828. Reduced flow places more of the drift community at danger of thermal impacts
due to river channel confinement. That is, low water levels confine organisms to a smaller
habitat, concentrating the number of organisms per unit of area in the vicinity of the thermal
plume. Further, low-flow reduces the river volume, and thus, the ability for the heat to be
dissipated across time and space. This confinement increases the vulnerability to thermal stfess
and mortality, and could have differential impact from species to species. Thermal tolerance
varies from species to species, and also across life history stages of individual species. Some
species may suffer high mortality. The ER fails to provide any such data to evaluate impacts of
thermal discharge at VEGP. Without data collected from the site, it is not possible to assess the

impacts from the current or proposed discharge.
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19.  The maximum blowdown temperature at the point of discharge to the Savannah River
from the two new units is predicted to be 91°F (ER Table 3.0-1) and the existing discharge is
stated as 89°F (ER Table 2.9-1).

20. High water temperature kills the early life history stages of several highly-valued fish
found near VEGP, and most likely also causes mortality in many less-studied and less-desired
Savannah River fish species. American shad eggs suffer mortality at 80.1 °F, and larvae suffer
mortality at 87 °F (Stier and Crance 1985). Blueback herring eggs and larvae suffer mortality at
85.5°F (Pardue 1983). The federally endangered shortnose sturgeon’s eggs suffer mortality at
75°F, and larvae suffer mortality at 85 °F (Crance 1986). Striped bass eggs suffer mortality at
75°F, and larvae suffer mortality at 85°F (Bain and Bain 1982; Fay et al. 1983). Fay et al. (1983)
also provides data and synthesis from a number of studies on the effects of thermal po]fution »
discharge on early life stages of striped bass, “Most early striped bass life stages show significant
elevated mortality when exposed to rapid changes in water temperature (such as that in a thermal
discharge plume) .” The studies found in Fay et al. (1983) provide evidence that striped bass
larval survival is significantly affected by sudden temperature elevations of 18 °F, and mortality
exceeds 50% when water temperatures reach 90°F.

21.  The computer modeling reported in the ER indicates that additional thermal discharge
from the new units is not likely to cause a significant increase in downstream water temperature
or violation of water quality standards. (ER § 5.3.2). Even if this is the case, however, there may

still be significant impacts to species within the drift community.
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I declare under penalty of perjury that the foregoing is true and correct.

Date: /Z2-7- 0L

-Shawn Paul Young, PiD.
258 Chapman Hill Road
Central, SC 29630
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Dr. Shawn P. Young

261 Lehotsky Hall ) Office: (864) 656-2809
Department of Forestry and Natural Resources Cell: (864) 508-0666
Clemson University Home: (864) 654-2501
Clemson, SC 29634 SPYOUNG@CLEMSON.EDU
Education

PhD Fisheries and Wildlife Biology (Fisheries Emphasis). May 2005. Clemson University.
Clemson, SC. Dissertation: Behavior and mortality of adult striped bass in J. Strom
Thurmond Reservoir, South Carolina-Georgia.

MS  Agquaculture, Fisheries, and Wildlife Biology (Fisheries Emphasis). August 2001.
Clemson University. Clemson, SC. Thesis: Habitat utilization by striped bass in J.
Strom Thurmond Reservoir, South Carolina-Georgia.

BS  Environmental Studies. May 1996. Northland College. Ashland, WI.

Academic Experience

Post-doctoral Researcher (November 2006 — Present)

Department of Forestry and Natural Resources; Clemson University, Clemson, SC

My main research field is in fish ecology and behavior in altered river-systems. I will be
conducting research on migratory anadromous and resident fish species in the Apalachicola River
during Spring 2006. This will include population estimation, behavior/movement during
spawning migration and the effects of hydroelectric and lock-and-dam facilities, and age-growth
studies. I plan to also conduct lab experiments examining retention of internally-implanted
telemetry devices with several construction designs and short-term effects of implantation on
behavior. Other research may include paleoecology of fish species of coastal North Carolina,
native mussel / fish host dynamics in the Apalachicola River, and studies of potential self-
cognition by fish.

Adjunct Professor — Fisheries/Aquatic Ecology/Aquaculture (August 2005 — Present)
Department of Biological Sciences; Clemson University, Clemson, SC

Interim Lecturer — Aquatic Ecology (August 2005 — May 2006)

Department of Forestry and Natural Resources; Clemson University, Clemson, SC

WEB 300 Wildlife and Fisheries Biology (Team-taught course): My lectures focused on aquatic
animal ecology and taxonomy. Lecture topics included fish, crocodilians, sea turtles, pinnipeds,
sirenians, and cetaceans.

ENR 302 Natural Resource Measurements (Team-taught course w/ labs): My lectures focused
on aquatic survey methods and techniques. Lecture/Lab topics included biotelemetry, water
quality/environmental monitoring, capture and tagging methods for fish and aquatic
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invertebrates, population estimation of fish and aquatic invertebrates, and stream habitat
surveying.

Research Biologist/Facility Manager (June 2000 — May 2006)

Aquatic Animal Research Laboratory; Clemson University, Clemson, SC

I conducted research and managed facilities at a leading fisheries/aquaculture research laboratory.

Our research specialized in identifying factors that affect fish and aquatic invertebrate

physiology, behavior, and population dynamics. I conducted research on habitat requirements of

marine, estuarine, anadromous, and freshwater species at the larval, juvenile, and adult life-

history stages. I studied the effects of biotic and abiotic factors such as temperature, salinity,

dissolved oxygen, total ammonia, nitrite, metals toxicity, feed rations, and population density on

the health, survival, growth, condition, and behavior of fish and aquatic invertebrates.

Knowledge. Skills, and Abilities:

- o  Knowledge of fish and aquatic invertebrate physiology, ecology, health, and care.

e  Agquaculture methodology, operation, and water quality monitoring.

e  Supervise/assist primary researchers, graduate assistants, and student workers.

e  Experimental techniques - tissue sampling, blood chemistry and osmolality.

e  Statistical analysis and technical writing for publication of research and for oral presentation
of research at professional meetings (please refer to Publications and Presentations).

e  Construct and repair re-circulating and flow-through culture systems; plumbing, electrical,
carpentry, general construction, and mechanical repair. '

e Budgeting; record and data storage; maintain lab protocols and operating procedures.

Graduate Research Assistant (June 1999 — May 2005)
SC Cooperative Fish and Wildlife Research Unit, Clemson University
My dissertation and thesis culminated several telemetry field studies of behavior, mortality, and
habitat selection of reservoir striped bass coupled with extensive water quality monitoring. The
research identified seasonal migration patterns, daily movement patterns, and seasonal habitat
selection in relation to water quality; sources and magnitude of mortality; temporal and spatial
patterns of mortality; and, potential to successfully live-release striped bass angled during fishing
tournaments. Through graduate coursework, I also acquired extensive knowledge of fisheries
science and management; physiology, ecology and conservation of aquatic organisms; limnology
and hydrology; and experimental statistics (please refer to transcripts).
Knowledge, Skills, and Abilities:
e Assisted with the following research projects:
- Striped bass habitat use in Lake Murray, SC.

Largemouth bass movement in Steele Creek - Savannah River Nuclear Reservation.
American shad population estimation and passage at Savannah River Lock and Dam.
Robust redhorse/Savannah River sucker species ecology: Behavior and habitat use.
Shortnose sturgeon ecology in lower Savannah River: Behavior and habitat use.
o Supervise and conduct long-term telemetry studies.
e Surgical implantation of telemetry devices and fish tagging methods.
e Procedures and methodology for long-term habitat/ water-quality modeling and monitoring.
s Data management, statistical analysis, technical writing for dissertation and thesis

completion, publication in peer-reviewed journals, and presentation of project results at
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professional and public meetings (please refer to Publications and Presentations).

Other Professional Experience

Aquatic Ecology / Fisheries Expert (November 2006 — Present)

Turner Environmental Law Clinic; Emory University, Atlanta, GA

I am assisting with the review and comment on the Draft Environmental Impact Statements and
Environmental Reviews pertaining to potential impacts of nuclear power-plant expansion on the
middle Savannah River ecosystem.

Aquatic Ecology / Fisheries Expert (January 2005 — August 2006)

Southern Environmental Law Center and Public Citizen; Charlottesville, VA

I provided scientific review and affidavit opinion of Environmental Impact Statements and
Environmental Reviews pertaining to potential impacts of nuclear expansion on the North
Anna/Pamunkey River ecosystem. '

Contract Fish Biologist (June 2006 — October 2006)

Portland General Electric; Madras, OR

I conducted annual monitoring activities investigating the native fish assemblage within the
middle Deschutes River Basin and Lake Billy Chinook. Duties included estimating rainbow
trout population density and spawning adult abundance; kokanee spawning adult abundance,
fecundity, and age composition; and bull trout spawning adult abundance.

Fisheries Field Technician (October 1997 - May 1999)  Idaho Department of Fish and Game
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trout habitat and abundance throughout watersheds within the Superior National Forest.
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POWER PLANT INTAKE ENTRAINMENT ANALYSIS
By John Eric Edinger,’ Member, ASCE, and Venkat S. Koliuru®

ABSTRACT: Power plant condenser cooling water intake entrainment of fish eggs
and larvae is becoming an issue in evaluating environmental impacts around the
plants. Methods are required to evaluate intake entrainment on different types of
water bodies. Presented in this paper is a derivation of the basic relationships for
evaluating entrainment from the standing crop of fish eggs and larvae for different
regions of a water body, and evaluating the rate of entrainment from the standing
crop. These relationships are coupled with a 3D hydrodynamic and transport model
that provides the currents and flows required to complete the entrainment evalua-
tion. Case examples are presented for a simple river system, and for the more
complex Delaware River Estuary with multiple intakes. Example evaluations are
made for individual intakes, and for the cumulative impacts of multiple intakes.

INTRODUCTION

Power plant condenser cooling water intakes can entrain fish eggs and
larvae from different parts of the water body on which the plant is located.
The evaluation and permitting of intakes comes under Section 316(b) of the
Clean Water Act (CFR 1999). EPA is presently developing regulations for
implementing Section 316(b) (USDC 1999). The impact of entrainment on
fish eggs and larvae is usually examined using two parameters. The first
parameter is the percentage of entrainment from the standing crop of organ-
isms located in a particular region of a water body. The second parameter is
the rate of entrainment of organisms from that region of water body.

The percentage of entrainment from the standing crop of organisms can
be compared to the size of the standing crop itself. A 5 or 10% entrainment
from a very large standing crop may not be considered significant because
enough fish eggs and larvae will survive to produce a sufficient number of
aduits for continual propagation of the population. A 1 or 2% entrainment
from a small standing crop may, however, be critical.

The rate of entrainment, usually expressed in terms of percent per day, is
the rate of loss of organisms due to the intake. It can be compared to the
natural mortality rate of the organisms. If the rate of entrainment is small
and less than the natural mortality rate, then the impact of the entrainment
will not be appreciably noticeable. If, however, the rate of entrainment is
significant compared to the natural mortality rate, then there could be a bigger
impact. If the entrainment rate exceeds the rate of natural mortality, then the
population may not be able to sustain itself.

Intake entrainment evaluation needs to be performed for specific water
bodies. Hydrodynamic and transport modeling can determine the percentage
of entrainment from a standing crop and the rate of entrainment from different
regions of a water body for each intake on that water body. The analysis can
also determine the cumulative impact of several intakes on the same water

'Prin. Sci., J. E. Edinger Assoc., Inc., 37 West Ave., Wayne, PA 19087. E-mail:
staff@jeeai.com; www.jeeai.com

*Sr. Sci., J. E. Edinger Assoc., Inc., 37 West Ave., Wayne, PA. E-mail: staff@
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Paper No. 18440.
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body. The results of the analysis can be used in the design of field sampling
programs to show what regions of a water body might be most vulnerable
and require more detailed and frequent sampling.

Evaluation of entrainment in absolute terms of numbers of organisms lost
requires coupling the estimates of entrainment from standing crop and the
rates of entrainment with data on the organisms obtained in the field. Dif-
ferent fish species will use a different habitat for spawning and in different
seasons. The egg and larval densities will vary with habitat and location
throughout the water body. Potentially high entrainment from a region de-
termined by the hydrodynamic computations is not important if that region
is not used for spawning. Additionally, organisms may not be in that region
because of the entrainment. Eggs and larvae of different species will have
different natural mortality rates, and mortality rates for the same species can
vary with life stage.

Formulation of Entrainment Parameters

The formulation of the entrainment parameters depends on simulating a
dye release into different volumes of the water body. Fish eggs and larvae
are more like particles and have mobility, and their entrainment may not be
completely represented by a dye withdrawal. However, the dye simulation
does represent the mass of water that would be entrained from a given region,
and performing a dye simulation is similar to the methods used by Boreman
and Goodyear (1988) and Versar (1990) in their formulations.

The percentage of entrainment of the standing crop and the entrainment
rate from a volume V is determined by releasing the dye into the volume of
the water body at an initial concentration C,. Over time the dye from the
volume will spread and reach the intake where its concentration at the intake,
Ci(9), wili decrease approximately as

Clt) = Ce™™ M

where C,,, = peak concentration of the dye at the intake and is less than Cg;
and r = flushing rate for that volume of the water body.

Let @, be the withdrawal rate at the intake. Then the cumulative mass of
the dye initially in volume ¥ withdrawn at the intake, M(r), will be

M) =0, f Clo) dt )

which is integrated from ¢ = 0 to ¢ to give

M@ = Q,Cu/H(1l — ™) 3
for the condition that M(f) = 0 at ¢t = 0. The initial mass of dye, M, in the
water body volume, V, is equal to C,V. Thus

MO/My = (Q,Cn/rVCo)(1 — €™7) ()]

The M(f) can be evaluated at the intake from the hydrodynamic modeling
used for the dye simulations.

Letting e(f) be defined as M(¢)/M, the following relationship is fit to the
cumulative mass of dye at the intake over time to give the empirical param-
eters ¢, and r:

&) = el — e™) )
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The e(¢) is computed from the model results so that all the dye that could
enter the intake is captured.
Comparing (4) and (5) gives

e()r = qunl/VCO (6)

where eor is the rate, day™', at which organisms initially in volume ¥ are
entrained at the intake.

The biological assessment of intake entrainment is often based on the en-
trainment mortality formula such as developed by Boreman and Goodyear
(1988) or the Spawning and Nursery Area of Consequence formula used by
Versar (1990). These formula require assessing the fractional entrainment rate
per unit volume, P/V (day™"), where P is the rate of intake withdrawal from
volume ¥ for different regions of the water body. The P/} as used in Boreman
and Goodyear (1988) and Versar (1990) formulas is the fractional rate at
which organisms are entrained from the region with volume V. The dye
concentration in the volume would decrease approximately as

CC) = Coe™" Q)

where C(f) = concentration in the volume as a function of time. For the mass
withdrawal over time to be conserved it is required that PC, equals 0,Cy,.
Substituting PC, into (6) for Q,C, gives

P/V = eyr ¥

Eq. (8) shows the e,yr is identical to P/V in the Boreman and Goodyear (1988)
and Versar (1990) relationship.

In the above formulations, 100e,r is the percentage of standing crop en-
trained from volume ¥, and ey~ is the rate per day of entrainment from
volume V.

Evaluation of Entrainment Parameters

Evaluation of the entrainment parameters for a water body requires apply-
ing a hydrodynamic and transport model to that water body to simulate the
entrainment of the dye from various regions within the water body.

The evaluation can be carried out using the time varying 3D Generalized
Longitudinal Lateral and Vertical Hydrodynamic and Transport Model
(GLLVHT) (Edinger et al. 1993; Edinger and Buchak 1995).

As illustrated in Fig. 1 the water body is first set up and grided for the
hydrodynamic and transport computations. The time varying inflows for a
river system and the boundary conditions of tidal elevations, and salinity
boundary conditions for estuaries and coastal waters are then set up so that
the hydrodynamic model can compute the time varying currents and circu-
lation from model cell to model cell. The intake withdrawal is also included
in the model set up. The modeled currents transport the fish eggs and larvae
from different regions through the water body and toward the intake.

Shown in Fig. 1 are the regions for which the intake entrainment is to be
evalnated. The illustrated regions are at the near shore region near the intake,
the channel, and far shore going laterally across the water body. The regions
extend from above, at and below the intake and discharge location. The
regions can encompass any number of the detailed hydrodynamic model cells
in any configuration.
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FIG. 1. GLLVHT Computational Grid for Dundee Pool on Passiac River, N.J.,
and Entrainment Regions

The locations and sizes of the model cells might be determined from the
biological sampling that identifies specific areas for detailed evaluation. The
entrainment regions can include individual portions of the vertical water col-
umn, where for example, it might be useful to distinguish between surface
or benthic organisms.

Each region is dyed instantaneously, and separately, to evaluate the per-
centage of standing crop that could be entrained from that region, e, and the
entrainment rate, e,+. The simulation is run for a long enough period of time
to establish the currents within the water body and to withdraw sufficient dye
to evaluate e, and eyr using (5) for each region.

A simple river case is illustrated for a small industrial cooling water intake
located on the Dundee Pool of the Passiac River in New Jersey. The analysis
is for a low river flow condition of 0.87 m?s, an average spring river flow
of 6.0 m’/s, and an intake withdrawal rate of 0.31 m*/s. There is a discharge
back into the river that results in recirculation between the intake and the
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discharge. Recirculation can increase entrainment from the intake region and
reduce entrainment from other portions of the water body.

Table 1 gives the percentage entrainment and the entrainment rate as de-
termined for the regions surrounding the intake illustrated in Fig. 1. Table
1(a) shows that the standing crop is most vulnerable for the region just up-
river from the intake and at the intake. This is because most of water from
the region just upriver from the intake enters into the intake region with the
river flow while those in the intake region are carried out of that region with
the river flow.

Table 1(b) shows the entrainment rates from the different regions. The
entrainment rate is high where the entrainment from the standing crop is high.
The results for the fall low flow condition show that the natural rates are
exceeded in the immediate vicinity of the intake, but the entrainment rates
are less downriver and across river in the far shoreline region. Generally, on
rivers, it is necessary to conduct seasonal evaluations relative to the spawning
seasons.

Table 2 gives the percentage of entrainment from the standing crop and
entrainment rates for the average spring river flow. It shows that both param-
eters decrease with river flow, but not necessarily in proportion to river flow.
It also shows that the entrainment decreases more rapidly across the river for
the average flow case than for the low flow case.

TABLE 1. Percent of Standing Crop Entrained (100xe,) and Entrainment Rate,
e, r, for intake on Dundee Pool of Passiac River, N.J. during Fal!l Low Flow Con-
ditions

Region Near shore Channel Far shore
&) (2) (3) (4
(a) Percentage of Standing Crop Entrained (%)

Upstream of intake 57.4 19.9 7.0

At intake 21.8 7.1 24

Downstream of intake 2.1 1.0 0.5
(b) Entrainment Rate, eor (day™")

Upstream of intake 3.14 0.38 0.07

At intake 0.84 i 0.11 0.02

Downstream of intake 0.04 0.01 0.00

TABLE 2. Percent of Standing Crop Entrained (100xe,) and Entrainment Rate,
&, r, for Average Spring Flow Condition

Region Near shore Channel Far shore
) (2) (3) 4
(a) Percentage of Standing Crop Entrained (%)
Upstream of intake 214 0.87 0.04
At intake 4.10 0.09 0.01
Downstream of intake 0.01 0.0 0.0
(b) Entrainment Rate, eor (day™")

Upstream of intake 3.55 0.06 0.002
At intake 1.70 0.006 <0.001
Downstream of intake <0.001 — —
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Application to the Delaware River Estuary

The entrainment analysis can be applied to complex tidal water bodies
with numerous intakes. Not only is it necessary to evaluate the impact of
individual intakes, but it is also necessary to evaluate cumulative impacts.
The Delaware River Estuary, shown in Fig. 2, has about 60 intakes along its
industrialized reach and is illustrative of a water body with the potential for
cumulative impacts. A large number of the intakes are for municipal and
industrial water supplies as well as industrial and power plant cooling water
usage. The GLLVHT hydrodynamic model and entrainment modeling has
been applied for the river-estuary reach from Trenton to Reedy Island, or
River Mile (RM) 130 to about RM 60. The Delaware River Estuary is tidal
up estuary to Trenton.

For the entrainment analysis the GLLVHT model was set up with 26 5-
km longitudinal segments, five lateral segments, with 2 m thick layers. The
width increases in the down estuary direction. The geometry was mapped to
have a middle channel section and tidal overbank areas on either side. A tidal
boundary condition was applied at the most down estuary end of the model
segment. A freshwater inflow was placed at the head of the estuary. The
hydrodynamic computations were qualitatively verified by comparison to
graphical tidal elevation and velocity data presented in HydroQual, Inc.
(1997). The Delaware River Estuary has a freshwater inflow of 85 m’/s during
low flow conditions and an average annual flow of 283 m's.

Trenton

®  Demonstration Intakes RH 130 &

Lstersl Segmentstion

intake

:-" ase ¢ ”r
5554 ’30&7

44
>4 04
'3

>

4

JEN Dye regions for entralnment calculations

FIG. 2. Delaware River Estuary Showing Hydrodynamic Model Grid, Entrain-
ment Regions, and Location of Intakes

6 / JOURNAL OF ENERGY ENGINEERING / APRIL 2000



The detailed hydrodynamic grid was overlain with 24 entrainment regions
consisting of 8 along the estuary and 3 laterally. The lateral regions consisted
of a near shore over bank region, a channel region, and a far shore over bank
region. Hypothetical intakes were located in the center of each near shore
over bank region. This gave eight intakes for which the percentage entrain-
ment and the entrainment rate could be evaluated as a function of intake
location along the estuary, for different freshwater inflows, different intake
withdrawal rates, and cumulative impact estimates.

The Delaware River Estuary entrainment analysis illustrates a number of
properties of the entrainment parameters along and across an estuary includ-
ing percentage entrainment from standing crop, the effects of river flows on
entrainment, the effects of withdrawal rates on entrainment, and the cumu-
lative effects of multiple intakes.

Percentage Entrainment along the Estuary

The percentage entrainment from the standing crop for the near shore,
channel and far shore regions along the estuary are shown for different intake
locations in Fig. 3. In Fig. 3, the longitudinal locations of the entrainment
regions along the estuary are numbered 1 through 8. Each intake was assumed
to withdraw 10 m’/s. For a particular intake, the percentage entrainment was
highest at the intake location, and decreases across and up and down the
estuary from the intake. Most of the entrainment is from up and down estuary
rather than from across the estuary. There is entrainment down estuary from
the intake, as well as from above, because the tides move water masses
containing the fish eggs and larvae past the intake. The percentage entrain-
ment from standing crop decreases the further down estuary the intake is
located because of the increasingly larger volume of tidal flow in the estuary.

Effects of River Flows on Percentage of Entrainment

The effects of river flow on the percentage of entrainment from the stand-
ing crop are shown in Fig. 4 for the low flow of the Delaware and the average
flow of the Delaware for an intake located at RM 117. It generally shows
that there is little change with river flow except from the entrainment regions
near the head of the estuary. For the regions near the head of the estuary, the
increased river flow tends to move more organisms through the estuary to-
ward the intakes. For the nontidal river case results given in Tables 1 and 2,
the entrainment parameters are sensitive to river flow.

Effects of Intake Withdrawal Rates on Percentage of Entrainment

The effects of different withdrawal rates on entrainment from the standing
crop are shown in Fig. 5 for an intake located at RM 117. It shows that the
percentage of entrainment from standing crop increases with the intake with-
drawal rate. The increase is not proportional to the withdrawal rate, but rather
increases asymtotically to some upper limit. Fig. 5 shows at the intake, for
example, that the percentage of entrainment from standing crop is 1.0% for
an intake withdrawal rate of 5 m*s, 1.9% for a withdrawal of 10 m’/s, and
3.7% for a withdrawal of 20 m®/s.

Entrainment Rates along the Estuary

Fig. 6 shows the entrainment rate as percent per day for the near shore,
channel and far shore regions along the estuary for different intake locations.
The rates are computed for a low river flow and an intake withdrawal rate
of 10 m/s. The entrainment rate is high near the intake location, but decreases
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FIG. 3. Percent Entrainment from Standing Crop from Near Shore, Channel, and Far Shore Regions along Estuary for Intakes at Dif-
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FIG. 4. Effects of River Flow on Percent Entrainment for Intake Located at
RM 112

rapidly away from the intake. The magnitudes of the individual intake en-
trainment rates for the Delaware River Estuary are small when compared to
the results for the river case shown in Table 1.

Cumulative Percentage of Entrainment

Although the percentage of entrainment of standing crop by individual
intakes might be low, in cases like the Delaware River Estuary, the cumu-
lative effects of the multiple intakes along the river could be high. Fig. 7
shows the cumulative entrainment from each region due to all of the intakes
included in the study. The cumulative impact is highest in the near shore area
near the head of the estuary, and decreases down estuary. The contribution
of each individual plant to the cumulative impact can be assessed by com-
paring the results in Fig. 3 with Fig. 7.
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