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1. Introduction

The Pensacola Hydroelectric Project (Pensacola Project or Project), owned and operated by the Grand

River Dam Authority (GRDA or Licensee) is licensed by the Federal Energy Regulatory Commission

(FERC or Commission) as Project No. 1494. GRDA is an agency of the state of Oklahoma, created by the

Okl ahoma Legislature in 1935 to be a Aconservation and
River. 0 GRDA fulfills its statutory responsibaslities u
well as the downstream Markham Ferry Project (FERC No. 2183), and Salina Pumped Storage Project

(FERC No. 2524). In addition, GRDA manages the three lakes formed by the three Project dams, which
includePensacol aGPanodetn&e OO0 the Cherokees Pp&toasnd alkkak e) ,
Hudson, and Salina Pumped St or ag®@RDRproducesandisslls W. R. Hol wa:
electricity that reaches into 75 of the 77 counties in Oklahoma (Grand River Dam Authority, 2017a).

The Pensacola Project was the first hydroelectric project constructed in Oklahoma. Construction began in
1938 and concluded when the spillway gates were closed in March 1940, forming Grand Lake. GRDA
has operated and maintained the Project since August 1946 when, pursuant to an act of Congress, the
United States returned the Project to GRDA following World War Il (Grand River Dam Authority, 2008).

The Pensacola Project is located on the Neosho and Grand Rivers in northeastern Oklahoma, within

Craig, Delaware, Mayes, and Ottawa Counties. The Neosho River originates in Kansas and flows into

Oklahoma where it joins the Spring River to form the Grand River. Pensacola Dam is located between the

towns of Langley and Disney at river mile (RM) 77. The Grand River flows south from the Pensacola Dam

past the GRDA&s Markham RMearntty dPrSdjae @ts BamyarCodritplse of En
or Corps) Fort Gibson Dam to its confluence with the Arkansas River near Muskogee, Oklahoma.

Unlike most other FERC-licensed hydropower projects, federal law establishes a Congressionally

authorized regulatory structure at Grand Lake. Under Section 7 of the Flood Control Act of 19442 and

Section 7612 of the National Defense Authorization Act for Fiscal Year 2020 (NDAA 2020).3 Congress
conferred uponthe Corpsfiexcl usi ve jurisdiction and responsibility
flood control operations aPuGreandtlLabket &8 Chep€beWakee:
for Grand Lake, when reservoir elevations are either above elevation 745 feet Pensacola Datum (PD) or

projected to rise above 745 feet PD (the flood pool minimum elevation), the Corps directs water releases

from the Pensacola Dam. Outside of flood control operations, i.e., when water surface elevations at

Grand Lake are within the conservation pool and not projected to rise above 745 feet PD, GRDA controls

Project operations with regard to water surface elevations at Grand Lake. NDAA 2020 expressly prohibits

any federal or state agency from imposing requirements related to the surface elevations of the

conservation pool, exceptfort h e C o mmiprejsci safetydaad human health regulations.

The purpose of this Exhibit E is to provide a description of the environmental setting in the Project vicinity.
The Licensee prepared this Exhibit to coOodeofffederalo t he C
Regulations (CFR) § 5.18(b), as required under the Integrated Licensing Process (ILP) regulations.

2 33 USC § 709.
3 Pub. L. No. 116-92 (2019).
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1.1 Application

The existing license for the Pensacola Project was issued on April 24, 1992, effective April 1, 1992, for a

term of thirty years, and was originally set to expire on March 31, 2022. On February 1, 2017, GRDA filed a

Notice of Intent (NOI) and Pre-Application Document (PAD) to relicense the Project. On February 15, 2017,

FERC issued an order holding the ILP in abeyance and waiving the requirement to issue notice of the

commencement of the pre-filing process and scopingwi t hin 60 days of GRDA6s filing
This was done to allow the Commission to take action on a previous application from GRDA to amend the

existing Project License. The Commission issued an order amending the Pensacola Project License, lifting

the abeyance, and providing an updated process plan and schedule on August 15, 2017 (Federal Energy

Regulatory Commission, 2017a).

On September 9, 2019, FERC issued an order extending the license term to May 31, 2025. The order
also modified the relicensing process plan and schedule and granted extensions of time for filing an
updated Shoreline Management Plan and Exhibit G drawings. According to the revised relicensing
process plan and schedule, GRDA must file its Draft License Application (DLA) for the Project on or
before January 1, 2023, and its Final License Application (FLA) on or before May 31, 2023 (Federal
Energy Regulatory Commission, 2019).

GRDA has prepared this appl i categuationsiatii8 GFR g8 ®18(H)amc e wi t h F
pursuanttothegui del i nes | i st e dPrepanng Envimnmériamiesessmants: Gdidelines of
Applicants, Contractors, and Staff.

1.2 Purpose and Need for Power

FERC must determine whether to issue a license to GRDA for the Pensacola Project and what conditions
should be placed in any license issued. In deciding whether to issue a license, FERC must determine if the
Project will be best adapted to a comprehensive plan for improving or developing the waterway. In addition,
FERC must give equal consideration to the purposes of energy conservation, fish and wildlife resources,
cultural resources, recreational resources, water quality, and other environmental resources.

FERCO6s issuance of a new |Iicense for the continued oper
continue producing electric power from a renewable resource for the term of the new license, while

addressing the affected environmental, land use, public recreation, and cultural resources in accordance with

the Commi ssionébés public interest arndderalBawerlAct@ERPALRSsi der ati o

This Exhibit E was prepared consistent with the ILP requirements as set forth in 18 CFR § 5.18(b) and

designed to support FERCO6s required analysis under the
Exhibit E, GRDA assesses the environmental and economic effects of continuing to operate the Project as

proposed herein. GRDA also considers the effects of the baseline operation or current operation alternative

which is defined by all measures proposed in this application to be included in the future license.

Power generated at the Project is sold to three customer classes: municipalities, electric cooperatives, and
industries. GRDA produces electricity that reaches into 75 of the 77 counties in Oklahoma (Grand River
Dam Authority, 2017a). The anticipated operation allows for a more flexible operating regime between the
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elevations of 742 to 745 feet PD, without the current restrictions of a confined and set rule curve. If
relicensed as proposed, additional power from the Project would be generated and would sizably increase
the ability of GRDA to meet its customer demand. It would also sizably reduce the need to acquire
replacement energy and capacity from fossil-fueled electric generation elsewhere, thereby increasing that
environmental benefit under anticipated operations during the new license term.

1.3 Statutory and Regulatory Requirements

FERCb6s issuance of a new |Iicense for the Pensacola Proj
FPA and other applicable statutes. In addition, on December 20, 2019, Congress enacted NDAA 2020.

Importantly, the NDAA 2020 includes special legislation applicable only to the Pensacola Project. The

major requirements are described below. The actions GRDA has taken to address these requirements are

also described below.

1.3.1 Federal Power Act

1.3.1.1 Section 18 Fishway Prescriptions

Section 18 of the FPA, 16 United States Code (USC) § 811, states FERC is to require the construction,
maintenance, and operation of such fishways as may be prescribed by the Secretary of Commerce or the

Interior. During the environmental studies phase of this ILP, neither the United States Fish and Wildlife
Service (USFWS) nor the National Marine Fisheries Service (NMFS) raised fish passage as a potential

relicensing issue. Under the Commissionds | LP regulatio
must be filed within60daysof FERCO&6s Notice of Acceptance and Ready f
Notice) following GRDAG6s filing of the FLA.

1.3.1.2 Section 4(e) Conditions

The first proviso in Section 4(e) of the FPA, 16 USC § 797(e), provides that any license issued by the
Commission for a project within a federal reservation shall be subject to and contain such conditions as the
Secretary of the responsible federal land management agency deems necessary for the adequate
protection and use of the reservation. As explained in Section 6 and Appendix A-5 of Exhibit A, the Project
occupies approximately 8.122 acres of land held in legal title by the United States in trust for the benefit of a
Native American Tribe or individual members of a Native American Tribe and 57.69 acres in wetland
easements.* However, Congress in NDAA 2020 removed FPA Section 4(e) mandatory conditioning
authority at the Project, as follows:

(1) FEDERAL LAND.O Notwithstanding Section 3(2) of the Federal Power Act (16 USC §
796(2)), any Federal land within the project boundary, including any right, title, or interest in
or to land held by the United States for any purpose, shall notd

(A) be subject to the first proviso in Section 4(e) of the Federal Power Act (16 USC

§ 797(e)); or

(B) be considered to bed

4 This acreage figure is based upon the information provided to the BIA on March 9, 2023. As of the writing of this application, the
BIA is reviewing the information provided on March 9, 2023 and has not had an opportunity to provide a response. If the figure
requires additional updates based upon future discussions with the BIA, the updated information will be filed with the Commission.
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(i) land or other property of the United States for purposes of
recompensing the United States for the use, occupancy, or enjoyment of
the land under Section 10(e)(1) of that Act (16 USC § 803(e)(1)); or

(i) land of the United States for purposes of Section 24 of that Act (16
USC § 818).

Under this special Congressional directive, the 65.75 acres of federal land within the Project boundary are
notsubject to the Secretary of the Interiords mandatory
Section 4(e).

1.3.1.3 Section 10(j) Recommendations

Under Section 10(j) of the FPA, each hydroelectric license issued by FERC is required to include conditions
based on recommendations of federal and state fish and wildlife agencies for the protection, mitigation, or
enhancement of fish and wildlife resources affected by the Project. The Commission is required to include
these conditions in the license, unless it determines that they are inconsistent with the purpose and
requirements of the FPA or other applicable laws. Before rejecting or modifying an agency
recommendation, the Commission is required to attempt to resolve any such inconsistency with the agency,
giving due weight to the recommendations, expertise, and statutory responsibilities of such agency.

During the pre-filing phase of this relicensing, GRDA consulted with those agencies with authority to

submit Section 10(j) recommendations, including USFWS and the Oklahoma Department of Wildlife
Conservation (ODWC). Under the Commissionds | LP regul a:
and wildlife agencies wil! have 60 days fol lchoowi ng FERC
10(j) recommendations.

Under the restrictions imposed by Congress under NDAA 2020, as described below in section 1.3.8, no
FPA Section 10(j) recommendation adopted by the Commission may contain any requirement relating to
surface elevations of the conservation pool at Grand Lake; or the flood pool, except to the extent it
references flood control requirements prescribed by the Corps.

1.3.2 Clean Water Act

Under Section 401 of the Clean Water Act (CWA), a license applicant must obtain certification from the

appropriate state pollution control agency verifying compliance with the applicable provisions of the CWA,

unless the certification is waived. Therefore, a CWA Section 401 water quality certification or waiver is

required from the Oklahoma Department of Environmental Quality (ODEQ) as a prerequisiiet o FERCO6 s
issuance of a new license for the Project. Pursuant to 18 CFR § 5.23(b), GRDA will request water quality
certification from ODEQ within 60 days of the issuance

Under the restrictions imposed by Congress under NDAA 2020, as described below in section 1.3.8, no
CWA Section 401 water quality certification from ODEQ may include any condition relating to surface
elevations of the conservation pool at Grand Lake; or the flood pool, except to the extent it references flood
control requirements prescribed by the Corps.
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1.3.3 Endangered Species Act

Section 7 of the Endangered Species Act (ESA) requires federal agencies to ensure that their
discretionary actions are not likely to jeopardize the continued existence of any federally listed threatened
or endangered (TE) species or result in the destruction or adverse modification of the critical habitat of
such species.

GRDA was designateda s F E R C-federalrapresentative for ESA consultation on January 12, 2018.
GRDA has consulted with USFWS and determined thirteen federally listed, proposed, or candidate
species may occur within the vicinity of the Project. These species include the gray bat (Myotis
grisescens), Indiana bat (Myotis sodalis), northern long-eared bat (Myotis septentrionalis), Ozark big-
eared bat (Corynorhinus townsendii ingens), tricolored bat (Perimyotis subflavus), piping plover
(Charadrius melodus), rufa red knot (Calidris canutus rufa), alligator snapping turtle (Machrochelys
temminkii), Neosho madtom (Noturus placidus), Ozark cavefish (Amblyopsis rosae), Neosho mucket
(Lampsilis rafinesqueana), American burying beetle (Nicrophorus americanus), and monarch butterfly
(Danaus plxippus) (US Fish and Wildlife Service, 2022). The Licenseebs analysis of P
threatened and endangered species is presented in Section 3.7. In addition, a draft biological assessment
appears in Appendix E-26.

If formal consultation is required pursuant to ESA Section 7 is required during this relicensing process,
NDAA 2020, as described below in section 1.3.8, precludes any resulting biological opinion from containing
any reasonable and prudent measure/alternative, term or condition, or other measure relating to: surface
elevations of the conservation pool at Grand Lake; or the flood pool, except to the extent it references flood
control requirements prescribed by the Corps.

1.3.4 National Historic Preservation Act

Section 106 of the National Historic Preservation Act (NHPA) requires federal agencies to take into

account the effects of any proposed undertaking on historic properties and to afford the Advisory Council

on Historic Preservation (ACHP) a reasonable opportunity to comment on the issuance of a new license.

Historic properties are districts, sites, buildings, structures, traditional cultural properties, and objects that

are listed in or eligible for inclusion in the National Register of Historic Places (NRHP). FERC6s i ssuancée
of a new license for the Project is considered an undertaking under NHPA Section 106.

GRDA was desi gnat efetlera epresdntRtiCsdiia NHPA Bection 106 consultation on

January 12, 2018. As p aifeterabrépresentativerGRDAdevelspedcaBARCO6 s non
conducted cultural resource studies in consultation with the Oklahoma Historic Preservation Officer

(SHPO), Oklahoma Archeological Survey (OAS), and Native American Tribes, as described in Section

3.11 of this FLA. GRDA anticipates the Commission will meet its obligations under NHPA Section 106

through the execution of a programmatic agreement that will require the implementation of an Historic

Properties Management Plan (HPMP) that addresses the management and treatment of historic

properties identified within.Anhpdatdd HBMPedevelépsdimr ea of pot
consultation with the Oklahoma SHPO, OAS, and Native American Tribes, included in Appendix E-34 of

this application.
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1.3.,5 Coastal Zone Management Act

Under Section 307(c)(3)(a) of the Coastal Zone Management Act (CZMA), FERC cannot issue a license for

a project withi ncoastal zané dnkess the statp CZAVA sadgerecy centtiss with the license
applicantdés certification of consistency with the state
conclusively presumed by its failure to act within 180 days of its receipt oftheappli cant 6 s certi fi cat.i
Oklahoma does not have a coastal zone or CZMA program; therefore, the Project is not subject to this act.

1.3.6 Magnuson -Stevens Fishery Conservation and Management Act

The Magnuson-Stevens Fishery Conservation and Management Act (Public Law 94-265) requires federal
agencies to consult with NMFS on all actions that may adversely affect Essential Fish Habitat (EFH). EFH is
only applicable to federally managed commercial fish species which live at least one component of their
lifecycle in marine waters. All fish in the Grand River are freshwater species and are not managed
commercially; therefore, no designated EFH is located in the Project vicinity.

1.3.7 Wild and Scenic River and Wilderness Act

Section 7(a) of the Wild and Scenic Rivers Act (Public Law 90-542) requires federal agencies to make a
determination as to whether the operation of a project under a new license would unreasonably diminish the
scenic, recreational, and fish and wildlife values present within any designated wild or scenic rivers. There
are no designated wild or scenic rivers within the state of Oklahoma (National Park Service, n.d.a).

The Wilderness Act (Public Law 88-577) was enacted to establish a National Wilderness Preservation
System. There are no nationally designated wilderness areas within the Project vicinity (National Park
Service, n.d.b).

1.3.8 National Defense Authorization Act for Fiscal Year 2020

On December 20, 2019, Congress enacted NDAA 2020.5 NDAA 2020 includes special legislation
applicable only to the Pensacola Project, and it confines the scope of the ongoing relicensing for this
Project in several important and unique ways.

Lands Necessary and Appropriate for the Project

First, NDAA 2020 resolves a long-standing dispute between GRDA and the City of Miami, Oklahoma,
regarding lands that must be licensed as part of the Project, and therefore requiring GRDA to obtain title
pursuant to Article 5 of its license.® In addressing this matter, Congress in NDAA 2020 forbids any
unilateral expansion of the Project to encompass any new lands, as follows:

NDAA 2020 provides that A[t]he Iicensing jurisdiction
toanylandorwat er out si de t héThusrNDAA2020 stdtubotilynpdohilrity thed
Commission from imposing any license obligation outside of the Project boundary as it existed as of

5 Pub. L. No. 116-92 (2019).
5 See, e.g., Formal Complaint of the City of Miami, Oklahoma, Project No. 1494-445 (filed Dec. 26, 2018).
7 Pub. L. No. 116-92, § 7612(b)(3)(A).
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Congr essd enact méintludingfanyiigaton & putcBase lands outside the Project
boundary.

Next, NDAA 2020 provides that #A[a]l]ny | and, water, or pl
outside the project boundary shall &fdlustlanguagealsonsi der ed t «
confirms that GRDA cannot be required under its license to obtain title to the approximately 13,000 acres

identified by the City of Miami,® as all of these lands are outside the Project boundary and not part of the

licensed Project.

Finally, NDAA 2020 allows FERC to amend the Project bol
agreement BIf GRDAMRE Aat consent to a Project boundary amendment, NDAA 2020

provides that the Commi ssionbs responsibilities under
boundary.1

Exclusive Flood Control Jurisdiction of the U.S. Army Corps of Engineers

Second, NDAA 2020 confirmsd consi st ent wi t-diandingjarisdicton ymdedSedtian @ of the
Flood Control Actof 19446t hat t he Corps has fiexclusive jurisdiction
the flood pool for flood control o%erations at Grand L

Prohibition on Water Surface Elevation Regulation

I n addition to confirming the Corpsdéd exclusive jurisdi
prohibits the Commission or any other federal or state agency (including FWS) from imposing any license
condition related to surface water elevations. NDAA 2020 provides:

Except as may be required by the Secretary [of the Army] to fulfill responsibilities under
Section 7 of the Flood Control Act of 1944 (33 USC 709), the Commission or any other
federal or state agency shall not include in any license for the project any condition or other
requirement relating tod

(i) surface elevations of the conservation pool; or

(i) the flood pool (except to the extent it references flood control requirements

prescribed by the Secretary).13

Although the Commission and other agencies are prohibited under NDAA 2020 from regulating water
surface elevations at Grand Lake, NDAA 2020 provides that the Project fshall remain subject to the
Commi ssionds rules and regulations for “project safety

¢ 1d. § 7612(b)(3)(B).

9 Seel6USCA 796 (11) (defining the fAprojecto to include Al ands, or inte
necessary or appropriate in the mai nt en ammpaee Standard Astiples, FotmiL88n of 0 t he
54 F.P.C.1817,1818i19 (requiring GRDA to acquire |l ands fAnecessary or approp

operation of the projecto).
10 Pub. L. No. 116-92, § 7612(b)(3)(C).
1 1d. As provided in the cover to Exhibit G of this FLA, GRDA is consenting to several changes to the Project boundary.
2 Pub. L. No. 116-92, § 7612(c); see 33 USC § 709.
12 1d. § 7612(b)(2)(A).
14 1d. § 7612(b)(2)(B).
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Removal of Mandatory Conditioning Authority

Finally, as explained in Section 1.3.1.2 above, NDAA removes FPA Section 4(e) mandatory conditioning
authority with respect to any federal reservation occupied by the Project, together with any FPA Section
10(e) annual charges with respect to any such reservation.

1.4 Public Review and Comment

F E R Crégulations for the ILP requires GRDA to consult with appropriate resource agencies, Native
American Tribes, and other entities before filing an application for a license. This consultation is the first
step in complying with federal statutes including the ESA, Fish and Wildlife Coordination Act, and NHPA.

Prefiling consultation must be completed and document e

1.4.1 Scoping

GRDA filed an NOI and PAD for the Project on February 1, 2017. The PAD provided summaries of
existing, relevant, and reasonably available information related to the Project thatwasinGRD A 6 s
possession or was obtained with the exercise of due diligence. The purpose of the PAD was to provide
participants in the relicensing proceeding with a summary of the information necessary to identify issues
and related information needs to assist with the development of study requests and study plans.

In the PAD, GRDA proposed the following studies:
Cultural Resources Study

Hydrologic and Hydraulic Modeling Study (H&H Study)
Recreation Facilities Inventory and Use Survey
Sedimentation Study

Socioeconomics Study

=A =4 =4 -4 -4

FERC published Scoping Document 1 (SD1) for the Project on January 1, 2018. Public scoping meetings
were held on February 7, 2018 at the GRDA Ecosystems and Education Center in Langley, Oklahoma;
on February 7, 2018 at Grove City Hall, in Grove Oklahoma; on February 8, 2018 at Northeastern
Oklahoma A&M College Fine Arts Center Performance Hall in Miami, Oklahoma; and on February 9,
2018 at the GRDA Engineering and Technology Center in Tulsa, Oklahoma. At the scoping meetings,
potential issues were identified by agencies, stakeholders, and other interested members of the public. A
court reporter was present at all scoping meetings to record all comments and statements; these are part

of FERCOG6s public record for the Project. FERC al so

comments and statements provided at the scoping meetings, several entities provided written comments
(Federal Energy Regulatory Commission, 2018a).

Written comments were provided by the following entities:
Bureau of Indian Affairs (BIA)

Cherokee Nation

City of Grove

City of Miami

Eastern Shawnee Nation

FERC

Grand Riverkeeper

=A =4 -4 =4 4 -4 -4
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GRDA

Larry Bork

Local Environmental Action Demanded Agency, Inc. (LEAD)
Miami Tribe of Oklahoma (Miami Tribe)
Oklahoma Archaeological Survey

ODbwC

Oklahoma Water Resources Board (OWRB)
Osage Nation

Ottawa Tribe of Oklahoma

Seneca-Cayuga Nation

Southwestern Power Administration

US Army Corps of Engineers

US Environmental Protection Agency (EPA)
USFWS

Wyandotte Nation

=A =4 =4 =4 4 -4 -8 A -4 -4 - -8 -8 -8

Written comments were also filed by 41 individual residents or business owners. Following the scoping
meetings and applicable comment period, the Commission issued its Scoping Document 2 (SD2) on
April 27, 2018 (Federal Energy Regulatory Commission, 2018a).

1.4.2 Studies

Comments on the PAD and requests for additional studies were addressedi n GRDA&6s Proposed
Plan (PSP). GRDA filed the PSP with FERC on April 27, 2018. Subsequent to the PSP filing, GRDA held

PSP meetings on May 30 and 31, 2018 at the GRDA Ecosystems and Education Center. The purpose of

the meetings was to inform attendees about the contents of the PSP and provide an opportunity to ask

questions related to the proposed studies.

Based on comments received on the PSP, GRDA filed a Revised Study Plan (RSP) with FERC on
September 24, 2018. On November 8, 2018, FERC issued a Study Plan Determination approving the
following studies:*®

Hydrologic and Hydraulic Modeling

Bathymetric Study

Sedimentation

Aquatic Species of Concern

Terrestrial Species of Concern

Wetlands and Riparian Habitat

Recreation Facilities Inventory and Use

Cultural Resources

Socioeconomics

Infrastructure Study

=A =4 =4 =4 4 -4 -4 A -4 -4

15 The Terrestrial Species of Concern and the Wetlands and Riparian Habitat Studies were the only studies approved without
Commission staff-recommended modifications.
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On September 30, 2021, GRDA f il ed an Initial Study Report (I SR)
progress, and remaining activities. The ISR included completed study reports for the Infrastructure,

Recreation Facilities Inventory and Use, and Socioeconomic Studies, as well as status reports on the

remaining studies with results for the portion of the study completed during the first study season. In the

ISR, GRDA requested modifications to the Aquatic Species of Concern, Cultural Resources,

Infrastructure, and Terrestrial Species of Concern Studies.

As required by FERCO6s I LP regulations, GRDA held meet.i

14, 2021. GRDA prepared an ISR meeting summary, which was filed with FERC and distributed to
relicensing participants on October 29, 2021.

The following relicensing participants filed written comments with FERC in response to the ISR:
BIA

Cherokee Nation

City of Miami

FERC Staff

OAS

ODWC

USFWS

=A =4 =4 =4 4 -4 -4

Several stakeholders recommended several study modifications and one new study in their comments on
the ISR. In its study plan modification determination letter issued on February 24, 2022, FERC approved
the Aquatic Species of Concern, Infrastructure, and Hydrologic and Hydraulic Modeling Studies with
modifications. FERC staff did not approve proposed modifications to the Cultural Resources,
Socioeconomic, and Terrestrial Species of Concern Studies sought by various stakeholders. In addition,
FERC staff did not approve a renewed request for GRDA to complete a Contaminated Sediment
Transport Study.

In its February 24 study plan determination, FERC staff deferred its decision on proposed modifications
for the Sedimentation Study until additional information could be provided (Federal Energy Regulatory
Commission, 2022a). After further comments and proposals submitted by both GRDA and the City of
Miami, FERC issued its study plan determination for the Sedimentation Study on May 27, 2022. In this
determination, FERC approved the modified Sedimentation Study proposed by GRDA, but with FERC
staff-recommended modifications (Federal Energy Regulatory Commission, 2022b).

GRDA completed all studies and filed the Updated Study Report (USR) on September 30, 2022. The

USR included reports for all Commission-approved study plans, including Hydrologic and Hydraulic

Modeling (included Bathymetry), Sedimentation, Aquatic Species of Concern, Terrestrial Species of

Concern, Wetlands and Riparian Habitat, Recreation Facilities Inventory and Use, Cultural Resources,
Socioeconomics, and Infrastructure. All studies have been completed, and GRDA has not proposed any

study modifications or additional studies.| n accor dance with FERCG6s amended
issued on September 9, 2019, the USR meeting was held on October 12 and 13, 2022.
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Comments on the USR were received from the following entities:
BIA

Cherokee Nation

City of Miami

FERC Staff

LEAD

Quapaw Nation

USFWS

=A =4 -4 -4 -4 - -4

Responses to the USR comments are being filed by GRDA as a separate filing.

1.4.3 Comments on Application

Comments on the DLA were received from FERC Staff, BIA, SHPO, OAS, Miami Tribe of Oklahoma,
Cherokee Nation, City of Miami, and LEAD. The comments and response to comments for subjects other
than cultural resources are included in Appendix X-1. The comments and responses to cultural
resources comments are included in Appendix X-2. Consultation with the BIA on Federal land mapping is
included as Appendix X-3.

Numerous other comments that did not provide comments on the specific information or conclusions
outlined in the DLA were filed with the Commission. These comments were often received on pre-made
post cards, with hand-written additions or were received as personal letters outlining the conditions
resulting from floods in the Miami area and experiences with contamination resulting from the Tar Creek
Superfund site within the Tri-State Mining District. These types of comments are not individually
addressed by GRDA, as they raise similar issues as other local stakeholders, such as the Miami Tribe of
Oklahoma, City of Miami, and LEAD.
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2. Proposed Action and Alternatives

In accordance with the NEPA review process, the environmental analysis must consider, at a minimum
the three alternatives described in the sections below: (1) the no-action alternative, (2) the GRDAS s
proposed action, and (3) alternatives to the proposed action.

2.1 No-Action Alternative

Under the no-action alternative, current operation, which is defined as current operation (under the current
post-2015 rule curve) or as appropriate baseline operation (under the pre-2015 rule curve), the Pensacola
Project would continue to operate as required by the current Project License (i.e., there would be no
change to the recent condition of the environment).16 No new environmental protection, mitigation, or
enhancement measures would be implemented. This alternative is termed as current operation (under the
current post-2015 rule curve) or baseline operation (under the pre-2015 rule curve) for comparison with
other alternatives as appropriate depending upon the resource being analyzed. The current operation
(under the current post-2015 rule curve) or baseline operation (under the pre-2015 rule curve) are further
defined in Section 3.0 of this application.

2.1.1 Existing Project Facilities

The Pensacola Project is located on the Grand (Neosho) River in Craig, Delaware, Mayes and Ottawa
Counties, Oklahoma. Project facilities include the dam with a gated main spillway, middle gated spillway,
east gated spillway, powerhouse, tailrace, electrical switching station, transmission, Grand Lake, arch toe
pump station, and surrounding land extending landward to an approximate elevation of 750 feet PD. From
right to left looking downstream, the principal Project works consist of the intake structure for the
powerhouse, main gated spillway adjoining to the dam, middle gated spillway, and east gated spillway.
The Project has an authorized capacity of 105.176 megawatts (MW).

2.1.1.1 Pensacola Dam

The Pensacola Dam (dam) is a multi-section structure. The different sections, from right to left looking
downstream, consist of the west non-overflow section, multiple arch section, main spillway section, east
non-overflow section, middle spillway section, and east spillway section. A non-Project highway bridge
comprised of two lanes and a pedestrian sidewalk, State Highway 28, runs along the top of the dam.
Grade elevation of the lanes is approximately 763.5 feet PD at the multiple arch section and 768.5 feet
PD at the middle spillway segments and east spillway segment.

2.1.1.1.1  West Non-Overflow Section

The west abutment is connected to the west end of the west non-overflow section of the dam, which
is a concrete gravity section approximately 28 feet long. The east side of the west non-overflow
section is connected to the multiple arch section. The cross-sectional width is approximately 43 feet

16 For the purposes of the studies completed as part of this relicensing process, the analyses and their effects upon the environment
use the rule curve ranging from 741 to 744 feet PD that fwas a part
61,001) (Accession # 20170815-3044), which amended the rule curve to range between 742 and 744 feet PD. Because of the
longevity of the 741 to 744 feet PD rule curve conditions and its influence of Project environmental effects over a long period, the
analysis of environmental effects set forth in this Exhibit E generally uses this prior rule curve range of 741 to 744 feet PD as the
baseline operation (under the pre-2015 rule curve).
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and the height from the base of the section to the top of the roadbed is approximately 75 feet. The
width and height measurements are scaled from the Exhibit F drawings.

2.1.1.1.2 Multiple Arch Section

The main portion of the dam is a reinforced concrete multiple-arch structure consisting of 52 buttresses
spaced 84 feet apart. The buttresses are hollow except for the first and last. There are 51 free span
concrete arches resulting in an approximate length of 4,284 feet. A typical buttress has a length of 84
feet. The dam has a crest elevation of 757 feet PD. An arch section has a cross-sectional width
varying from approximately 130 to 185 feet. The height from the base of the section to the top of the
roadbed varies from approximately 100 to 155 feet. The width and height measurements are scaled
from the Exhibit F drawings.

2.1.1.1.3 Main Spillway Section

The main spillway section is integral to the dam on its west end and connected to the east non-overflow
section at the other end. The structure is mass concrete with an ogee-shaped spillway with a crest
elevation of 730 feet PD. The spillway is comprised of 21 radial gates that are 36 feet wide by 25 feet
tall resulting in a structure length of approximately 861 feet. The top of the gate elevation is 755 feet PD.
The approximate cross-sectional width is 90 feet and height from the base of the section to the top of
the roadbed of a typical section of the spillway is 100 feet. The width and height measurements are
scaled from the Exhibit F drawings. The gates are operated by two traveling gate hoists located above
the main spillway. Water flows into the main spillway channel below the spillway. The main spillway
channel merges with the east spillway channel and flows into the tailrace further downstream.

2.1.1.1.4 East Non-Overflow Section

The east end of the main spillway is connected to the east non-overflow section of the dam. The
structure is a concrete gravity section approximately 451 feet long. The east side of the non-overflow
is connected to the east abutment and has a cross-sectional width varying from approximately 40 to
70 feet. The height from the base of the section to the top of the roadbed varies from approximately
55 to 85 feet.

2.1.1.1.5 Middle Spillway Section

The middle spillway section is situated about 0.9 mi
is mass concrete with an ogee-shaped spillway with a crest elevation of 740 feet PD. The spillway is

comprised of 11 radial gates that are 37 feet wide and 15 feet tall resulting in a structure length of

approximately 450 feet. The typical cross-sectional width and height of the middle spillway from the

base of the section to the top of the roadbed is approximately 45 feet and 40 feet, respectively. The

width and height measurements are scaled from the Exhibit F drawings. Gates are operated by a

traveling hoist located at the middle spillway section. The water flows for approximately 0.5 miles to

where it joins with the east spillway channel.

2.1.1.1.6 East Spillway Section
The east spillway section is located approximately 700 feet east of the middle spillway section. The
structure is mass concrete with an ogee-shaped spillway, which has a crest elevation of 740 feet PD.
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The east spillway is comprised of ten radial gates that are 37 feet wide and 15 feet tall resulting in
structure length of approximately 410 feet. The typical cross-sectional width and height of the middle
spillway from the base of the section to the top of the roadbed is approximately 45 feet and 40 feet,
respectively. The width and height measurements are scaled from the Exhibit F drawings. Gates are
operated by a traveling hoist located at the east spillway section. The water flows into the east
spillway channel below the spillway. The east spillway channel is approximately 1.5 miles long and
850 feet wide. The east spillway channel merges with the tailrace further downstream.

2.11.2 Bypass Flow Pipe

A30-i nch diameter bypass flow pipe was included in the
water from the Project at all times, even when none of the hydropower units are operating or none of the
spillway gates are open. It is not needed for the operation of the Project (Grand River Dam Authority, 2021a).

2.1.1.3 Powerhouse and Intake Structure

The powerhouse is located below Arches 2 through 4 of Pensacola Dam (Arch 1 is the western-most
arch). The powerhouse is a multi-story, reinforced concrete building and is 87.75 feet wide in the
upstream to downstream direction, 279 feet long in the west to east direction, and approximately 45 feet
tall. The elevation of the generator floor is 652.0 feet PD.

The intake structure supplies water to théeydmpoweat ocks t
units and the house unit. The reinforced concrete structure is located on top of Arches 2 through 4. The

intake structure has a length of 246 feet, a cross-sectional width of 23 feet, and a height of 75 feet. The

minimum intake elevation is 682 feet PD, and the top deck elevation is 757 feet PD. The intake includes

vertical trash racks that are 73 feet high, with 3.75-inch spacing, to catch debris and bulkhead gates that

are used to isolate and dewater individual penstocks (Grand River Dam Authority, 2017a) (Grand River

Dam Authority, 2021a). The gates are operated by a traveling gantry crane mounted on the top deck on

the intake structure.

Six separate steel penstocks transfer flow from the intake structure to the powerhouse hydroelectric units.
The length of all seven penstocks is approximately 195 feet long. The six main penstocks have a 15-foot
diameter and flow is controlled by wicket gates at the entrance of each turbine. Two (2) draft tubes per
hydroelectric unit located below the powerhouse discharge the flow in the tailrace. The draft tubes are 12
feet tall by 14 feet wide with an invert elevation of 602.5 feet PD. Slots in the draft tube opening can be
utilized to install stoplogs to dewater a unit using a traveling hoist. A separate 3-foot diameter penstock
has been used to transfer flow to one hydroelectric unit known as the house unit.’

The draft tubes of the powerhouse discharge in the tailrace located below the powerhouse. The tailrace is
approximately 1.5 miles long and 300 feet wide. The tailwater elevations for the Pensacola Project
typically range between 620 and 625 feet PD at normal reservoir elevations depending on the conditions
at the downstream Lake Hudson Project.

7 The house unit is currently inoperable but scheduled to return to service in 2025.
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A bypass system on the west end of the powerhouse consists of a 30-inch diameter pipe. The system
was designed to release water from the lake to meet any minimum release requirements. However, the
system has never been used for this purpose and has not been operated in years. It is unknown if any
flow could pass through the system due to sediment concerns at the intake.

2.1.1.4 Arch Toe Pump Station

Seepage through the Pensacola Dam and runoff from the surrounding area result in standing water in the
ditch at the toe of the dam. The pump station located outside of Arch 6 contains two six-inch submersible
pumps and a single twelve-inch vertical turbine pump. The pumps are connected to a 20-inch diameter
pipe that discharges into the tailrace below the powerhouse.

2115 Reservoir (Grand Lake 0Ob6 the Cherokees)

Grand Lake O6 the Cherokees is impounded by the
completion of the Pensacola Project. Under the current operation (under the current post-2015 rule
curve), when the reservoir surface elevation is within the conservation pool, below the flood pool elevation
of 745 feet PD, and not expected to exceed 745 feet PD, GRDA maintains to the extent practicable,
approved seasonal target reservoir surface elevations known as the rule curve, except as necessary for
USACE to provide flood control protection. When the reservoir elevation is expected to exceed 745 feet
PD, at which time USACE has exclusive jurisdiction over flood control (Section 2.1.3.1). The reservoir
contains approximately 1.44 million acre-feet in water storage and has a surface area of approximately
45,056 acres at an elevation of 745 feet PD. The reservoir contains approximately 1.31 million acre-feet
in water storage and has a surface area of approximately 41,581 acres at an elevation of 742 feet PD
(Hunter, S.L, et. al., 2020). The usable water storage between 742 and 745 feet PD is 130,000 acre-feet.

2.1.1.6 Generating Units

The powerhouse has six main hydroelectric units with Francis-style hydraulic turbines and associated
generators. The six main hydroelectric units have an as-built turbine head of 117.5 feet. One additional
hydroelectric unit, the house unit, has an as-built turbine head of 115 feet.18

Each of the six main turbines has a nameplate capacity of 17,446 kilowatts (kW) or 23,395 horsepower
(hp) at a nameplate flow of 1,950 cubic feet per second (cfs). Each turbine operates at 150 revolutions
per minute (rpm) and the normal maximum flow for each turbine is 2,317 cfs (Grand River Dam Authority,
2004a). The house unit has a nameplate capacity of 500 kW or 666 hp.'° It operates at 720 rpm. This
results in a combined generation capacity of 105.176 MW because output is turbine-limited for the six
main units.

Each of the six main generating units has a generator nameplate rating of 21.60 MW and 24 megavolt
Amperes (MVA) at 90 percent (%) nameplate power factor. The generators are Westinghouse A/C, 60-
cycle models generating at 13.8 Kilovolts (kV) (Grand River Dam Authority, 2004a).

18 The house unit is currently inoperable and scheduled to return to service in 2025.
1% Horsepower is calculated from watts: 750 watts equals 1 hp.
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The 500-kW nameplate house unit turbine is operated at 720 rpm. The 500-kW house unit generator has
a nameplate rating of 500 kW and 625 kilovolt amperes (kVA) at 80% nameplate power factor. The
generator is a Westinghouse A/C, 60-cycle model which operates at 480 volts.

2.1.1.7 Switching Station and Transmission Equipment

The Pensaco

| a

the arch dam. The primary transmission lines vary in length from 450 to 650 feet and terminate at 15 kV
breakers at the switching station. The 13.8 kV disconnects are the point of interconnect for the Project.

2.1.2 Dam Safety

Dam safety considerations have been taken into account during the development of the proposed and
alternative actions described in this application to ensure that the Project continues to meet the

6 dam
guidelines. There are no proposed modifications to the dam structures that could impact their integrity as

Commi ssi ons

part of this application.

2.1.3 Existing Project

2.1.3.1 Normal Operations

Operation

safety criteria found engineefrar t

When the reservoir surface elevation is within the conservation pool and below the flood pool elevation
of 745 feet PD, GRDA maintains to the extent practicable, approved seasonal target reservoir surface
elevations known as the rule curve, except as necessary for USACE to provide flood control protection.
The existing rule curve was approved by FERC in their August 15, 2017 Order Amending License and
Dismissing Application for a Temporary Variance. The rule curve is shown in Table 2.1.3.1-1 and
Figure 2.1.3.1-1. For the purposes of analysis, this operation scenario is called the current operation.

Table 2.1.3.1-1 Pensacola Project Rule Curve?®

Period

Reservoir Elevation

May 1 through May 31

Raise elevation from 742 to 744 feet PD

June 1 through July 31

Maintain target elevation at 744 feet PD

August 1 through August 15

Lower elevation from 744 to 743 feet PD

August 16 through September 15

Maintain target elevation at 743 feet PD

September 16 through September 30

Lower elevation from 743 to 742 feet PD

October 1 through April

30

Maintain target elevation at 742 feet PD

Source: (Federal Energy Regulatory Commission, 2017¢)

20 For the purposes of the studies completed as part of this relicensing process, the analyses and their effects upon the

environment

use

t he

rule curve ranging from 741

to 744 feet

(160 FERC 1 61,001) (Accession # 20170815-3044), which amended the rule curve to range between 742 and 744 feet PD.
Because of the longevity of the 741 to 744 feet PD rule curve conditions and its influence of Project environmental effects over a
long period, the analysis of environmental effects set forth in this Exhibit E generally uses this prior rule curve range of 741 to
744 feet PD as the baseline operation (under the pre-2015 rule curve).
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Figure 2.1.3.1-1 Pensacola Rule Curve
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Source: (Federal Energy Regulatory Commission, 2017c)

2.1.3.2 Low Flow Operations

Under the current operation (under the current post-2015 rule curve), GRDA implements the Drought
Adaptive Management Plan (DAMP) that guides project operations and flow releases in the event of
significant drought conditions. The DAMP is in Appendix E-1. GRDA is required to maintain dissolved
oxygen (DO) concentrations downstream of the Pensacola Project and Markham Ferry Project. During
drought conditions it is difficult for GRDA to maintain Grand Lake at elevations within the requirements
of the rule curve while still maintaining downstream DO concentration requirements and reservoir
elevations at the Markham Ferry Project sufficient to operate the Salina Pumped Storage Project, as
well as meeting water supply needs (Federal Energy Regulatory Commission, 2017c).

Under the DAMP, GRDA monitors information from the Nat:
Monitor. If drought conditions appear imminent, GRDA begins weekly teleconferences with federal and state

resource agencies, local government officials, FERC staff, Native American Tribes, and other interested

stakeholders. During these teleconferences, GRDA keeps parties informed of prevailing conditions and any

plans to begin additional releases in the event a severe to exceptional drought is declared.

Specifically, the following issues are discussed during the teleconferences:

1 Current and forecasted drought conditions and planned operation of the Project,

1 Maintenance of water levels and flows sufficient to maintain downstream DO concentrations to
maintain water quality and prevent fish kills,

1 Maintenance of reservoir elevations at the Markham Ferry Project to operate the Salina Pumped
Storage Project, and

1 Timeframes for when the severe to exceptional drought period is expected to end (Federal Energy
Regulatory Commission, 2017c).

If the US Drought Monitor declares severe to exceptional drought for the Grand/Neosho River basin,
GRDA may commence additional releases from the Project regardless of prevailing Grand Lake
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elevations based on input received during the weekly teleconferences. These releases do not exceed a
rate equal to 0.06 feet of reservoir elevation per day, which is equivalent to 837 cfs over a 24-hour period.
When severe to exceptional drought conditions end, GRDA ceases releases under the DAMP to return
the Project to its normal operating elevations and notifies federal and state resource agencies and other
stakeholders (Federal Energy Regulatory Commission, 2017c).

2.1.3.3 High Flow Operations

2.1.3.3.1 Storm Adaptive Management Plan

GRDA implements a year-round Storm Adaptive Management Plan (SAMP) that is used in

anticipation of and during major precipitation events within the Grand/Neosho River basin that may

result in high water conditions upstream or downstream of Grand Lake. As part of the SAMP, GRDA

reviews, at a minimum, on a daily basis the following information:

1 Weather forecasts in the watershed,

1 Grand Lake surface elevation data,

9 Data from United States Geologic Survey (USGS) gages upstream and downstream of the Project,

1 Surface elevationsat USACE6 s upstream John Redmond Reservoir anc
Hudson (part of GRDAO6Gs,aldar kham Ferry Project)

I Other relevant information affecting surface elevations at Grand Lake during the potential flood
(Federal Energy Regulatory Commission, 2017c).

| f GRDAOGs daily review of i nf orwatetconditonsinthei cates the
Grand/Neosho River basin the vicinity of the Project, GRDA immediately provides the information to

federal and state resource agencies, local government officials, FERC staff, Native American Tribes,

and other interested stakeholders. GRDA also schedules a conference call. Prior to the conference

call, GRDA consults with USACE to determine whether any reservoir management action can be

taken to avoid, reduce, or minimize high water levels upstream and downstream of the Project.

During the conference call, GRDA notifies participants of any decision to take action. GRDA

continues regular communication with all participants during each event to keep them informed of

prevailing conditions (Federal Energy Regulatory Commission, 2017c).

2.1.3.3.2 USACE Flood Control Operations

Under Section 7 of the Flood Control Act of 1944 (Code of Federal Regulations, 1944), USACE has

the responsibility to prescribe releases from Pensacola Dam under active or anticipated flood

operations (Code of Federal Regulations, 1945). USACE is also responsible for directing spillway

releases in accordance with the procedures for system balancing of flood storage outlined in the

Arkansas River Basin Water Control Master Manual (US Army Corps of Engineers, 1980). This

authority is reinforced by Section 7612(c) of NDAA 2020 which states:i The Secretary [of th
shall have exclusive jurisdiction and responsibility for management of the flood pool for flood control

operations at Grand Lake O' the Cherokeesd(NDAA, 2020).

The flood storage associated with Grand Lake consists of the storage volume available between the
approximate reservoir elevation of 745 and 755 feet PD (US Army Corps of Engineers, 1992). When
reservoir elevations are either above or projected to rise above 745 feet PD, USACE directs the water
releases from the Pensacola Dam under the terms of Section 7 of the Flood Control Act of 1944.
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When directed to make lake releases by USACE, GRDA first discharges as much water as possible

through the Projectds hydropower units. Once the Proj
hydraulic capacity, USACE may direct GRDA to open one or more spillway gates if the reservoir is

still rising, but typically not unless the reservoir elevation exceeds or is projected to exceed 745 feet

PD. USACE will then determine if additional gates need to be opened. The target discharge rate at

any time is based on the current reservoir elevation, the current estimated inflow to Grand Lake, and

the amount of projected flooding downstream in the Grand River or Arkansas River basins (Grand

River Dam Authority, 2017a).

Operators in the Energy Control Center are contacted by USACE personnel when gate operations
are required. When USACE directs GRDA to release water from Grand Lake, the staff at Pensacola
Dam decides which specific gate or gates to open. The gate opening order is rotated so each gate is
opened about the same number of times. However, a general exception to this rule is GRDA avoids
opening the outside gates on all three spillways, when possible, to help limit bank erosion in the
discharge channels downstream of the spillways (Grand River Dam Authority, 2021a).

2.1.4 Existing Environmental Measures

Existing environmental measures implemented by GRDA in the current license are described in the
following sections.

2.1.4.1  Geologic and Soil Resources

GRDA currently implements a Shoreline Management Plan (SMP) to help control erosion and
sedimentation within the Project boundary.

2.1.4.2 Water Resources

GRDA currently implements a SMP to help control erosion and sedimentation within the Project boundary.

GRDA currently implements a Dissolved Oxygen Mitigation Plan to mitigate low DO levels downstream of
the Pensacola Dam. When DO levels fall below the action limits set in the plan, which is 6.5 milligram per
liter (mg/L) or 5.5 mg/L depending on time of year, one turbine is operated with full aeration until the average
DO exceeds the criterion, typically for three to eight hours. If DO levels fall below a second action limit of 4.5
mg/L, the flow of the turbine used for aeration is increased and will continue until the average DO exceeds
the criterion, but for no less than two hours (Oklahoma Water Resources Board, 2022).

2.1.4.3 Fish and Aquatic Resources

GRDA currently implements a Fish and Waterfowl Habitat Management Plan (FWHMP) which includes a
mitigation fund that funds, designs, implements, and evaluates projects to protect, mitigate and enhance
fish and wildlife resources at the Project (Federal Energy Regulatory Commission, 2003).
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2.1.4.4 Terrestrial Resources

GRDA currently implements three separate plans that protect terrestrial resources within the Project
boundary, which include:

1 SMP - helps preserve and protect botanical and terrestrial resources and

1 FWHMP - protects terrestrial habitats.

2.1.45 Threatened and Endangered Resources

GRDA currently implements the Gray Bat Compliance Plan and cave monitoring to protect the
endangered gray bat (Myotis grisescens).

2.1.4.6 Recreation Land Use and Aesthetics

GRDA i mpl ements a Recreation Management Plan (RMP) for
recreation sites.

2.1.4.7 Land Use

GRDA implements an SMP to manage land use and protect environmental resources within the Project.

2.1.4.8 Cultural Resources

GRDA is currently required to consult with the SHPO before starting any land-clearing or ground-
disturbing activities within the Project boundaries, including recreational developments, at the Project.

22 Applicantbés Proposal
2.2.1 Proposed Project Facilities

GRDA is not proposing any changes to the existing Project facilities. Figure 2.2.1-1 depicts the existing
Project facilities. Figure 2.2.1-2 depicts lands and waters within the Project boundary. Further detail on
lands and waters within the Project boundary can be found in Section 2.2.4.
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Figure 2.2.1-1 Existing Project Facilities?!
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Grand River Dam Authority E-21 Revised July 2024

© Copyright 2024 Grand River Dam Authority



Service LayerMissour Dept. of Conservation, Missourl DNR. Esni, HERE, Garmin, SafeGraph, METNNASA, USGS, EPA, NPS, USDA, Eari, NASA. NGA, USGS, Esd, GEBCO, DeLorme, NaturaVue

Pensacola Hydroelectric Project
FERC Project No. 1494

Final License Application i Revised Exhibit E
Proposed Action and Alternatives

Figure 2.2.1-2 Lands and Waters within the Project Boundary
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2.2.2 Proposed (Anticipated) Project Operation
2.2.2.1 Normal Operations

Under NDAA 2020 section 7612, the Commission and other agencies are prohibited from imposing any

I icense conditions or other requirements relating to w
pool.22 Accordingly, G R D A Brgject operations that affect water surface elevations at Grand Lake are not

part of the proposed action for purposes oft he Commi ssi onds &asWCongresslmader NEPA
removed any discretion for the Commission or other agencies to regulate these operations.

For purposes of analyzing indirect and cumulative eff e
GRDA is anticipating the following operational parameters to apply for the Pensacola Project during the
new license term:
1 GRDA will no longer utilize a rule curve with seasonal target elevations.23
1 GRDA will maintain the reservoir between elevations 742 and 745 feet PD for purposes of normal
hydropower operations. While hydropower operations may occur when water surface elevations are
outside this range (e.g., maintenance drawdowns and high-flow events), GRDA expects to maintain
water surface elevations between 742 and 745 feet PD during normal Project operations.
T I'nstead of managing the Project to target a specifiec
operation (without a rule curve) may fluctuate reservoir levels within the elevational range of 742 and
745 feet PD, for purposes of responding to grid demands, market conditions, and the public interest,
such as environmental and recreational considerations.
1 GRDAwillcontinuetoadher e to t he UdRAdBdcoONrol aperatiens in accordance
with the Water Control Manual (US Army Corps of Engineers, 1992).

For the purposes of analysis, the operation scenario described above is called the anticipated operation.

2.2.2.1.1  Fluctuation

In an effort to demonstrate the frequency of reservoir elevation occurrences between the elevations of
742 and 745 feet PD and any seasonal differences that may occur, GRDA used the Operations Model
(OM) and inflow data from the period April 1, 2004 through December 31, 2019 to simulate the resulting
reservoir elevations under the current operation (under the current post-2015 rule curve) and the
anticipated operation without a rule curve. The results demonstrate the fluctuations vary by time period.

The minimum range of fluctuation under the anticipated operation is slightly higher in the months of
January, February, March, April, June, July, October, November, and December than the current
operation (under the current post-2015 rule curve) and slightly less during the months of May, August,
and September.

2 pPub. L. Np. 119-92, § 7612(b)(2).

2 GRDA will no longer follow the rule curve outlined in Section 2.1.3. According to the generation mix by fuel type published by the
Southwest Power Pool (https://marketplace.spp.org/pages/generation-mix), over 27% of the fuel mix consists of wind and solar.
Therefore, the electricity supply in the region has a significant share of its generation composed of renewable energy sources
such as wind and solar where production is intermittent based upon weather conditions. The anticipated operation of the Project
that is not restricted to a specific rule curve like the current operation (under the current post-2015 rule curve) will further allow for
an immediate response by the Project to increase its generation to support the stability of the grid at all times, even when weather
conditions reduce the generation contribution of wind and solar facilities. GRDA often responds to requests from the Southwest
Power Pool to increase generation to stabilize the grid in the region due to unexpected significant reductions of generation from
intermittent sources such as wind and solar. These requests occur about once every 45 to 60 days. This need for additional
generation flexibility to support the grid is also expected to increase as the fuel mix percentages in the Southwest Power Pool
trend more towards wind and solar.
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The mean range of fluctuation under the anticipated operation is slightly higher in the months of
January, February, March, April, June, July, August, September, October, November, and December
than the current operation (under the current post-2015 rule curve) and slightly less during the month
of May.

The maximum range of fluctuation under the anticipated operation is slightly higher in the months of
February, June, July, September, and November than the current operation (under the current post-
2015 rule curve) and significantly lower during the months of January, March, April, May, August
(over two feet lower), October, and December.

Graphs of the simulation results are shown in Figure 2.2.2.1.1-1.

Figure 2.2.2.1.1-1 Monthly Minimum, Mean, and Maximum Range of Lake Level

Monthly Range of Lake Level

B Current Operations Min Range (feet) @ Current Operations Mean Range (feet) ® Current Operations Max Range (feet)

® Anticipated Operations Min Range (feet) ® Anticipated Operations Mean Range (feet) ® Anticipated Operations Max Range (feet)

10

Monthly Range of Lake Level (feet)

1 2 3 4 5 6 7 8 9 10 11 12
Month (1=Jan, 12=Dec)

2.2.2.2 Low Flow Operations

GRDA will continue to implement the DO Mitigation Plan to maintain DO concentrations downstream of
the Project during low flow conditions. Because GRDA will no longer be operating under a rule curve
during the new license, the DAMP is no longer necessary and is not being proposed by GRDA for
continuation in the new license term.
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2.2.2.3 High Flow Operations

2.2.2.3.1 Storm Adaptive Management Plan

The extensive suite of studies conducted in this relicensing process demonstrates that GRDAS s
Project operations between the elevations of 742 and 745 feet PD do not materially influence the
water surface elevations, inundation, or duration during high-flow flooding events in areas upstream
of the Project, such as within and in the vicinity of the City of Miami, Oklahoma. These findings
demonstrate that the SAMP required under the current license does not address Project-related
effects. Therefore, GRDA is not proposing to implement the SAMP in the new license.

2.2.2.3.2 USACE Flood Control Operations

GRDA is not proposing any changes to USACE flood control operations. Because the Corps has
exclusive jurisdiction for flood control at Grand Lake, such operations are beyond the scope of this
relicensing.

2.2.3 Proposed Environmental Measures

1) GRDA will implement an updated SMP with new provisions to address vegetation management and
impacts to wetlands, wildlife habitat, and TE species. The updated plans will help control erosion and
sedimentation, protect terrestrial resources, TE species, cultural resources, and manage land use
resources within the Project.

2) GRDA will continue to implement the DO Mitigation Plan to reduce impacts of low DO on fish and
aquatic resources downstream of the Pensacola Dam.

3) GRDA will implement construction stormwater Best Management Practices (BMPs) for erosion and
sediment control prior to conducting ground disturbing activities related to operation or maintenance
of the Project to minimize or eliminate the impacts of erosion and siltation.

4) GRDA is proposing the following environmental measures regarding recreation resources:

a) Review Part 8, regulatory, and directional signage at all FERC-approved recreation sites, and
install, repair, or replace the sighage, as necessary.

b) Develop a new RMP to address maintenance of FERC-approved recreation sites and include a
provision to complete a recreation facilities inventory and use study in year 25 after the license is
issued.

5) GRDA will implement the HPMP developed in consultation with the Cultural Resources Working
Group (CRWG). The HPMP includes measures to protect, mitigate, or enhance cultural, historical,
archaeological, and Traditional Cultural Properties (TCPs) such that the anticipated operation (without
a rule curve) of the Project do not adversely impact currently identified properties and properties that
may be identified in the future.

2.2.4 Project Boundary

The Project boundary has been included in Exhibit G in Volume 2 of this application. The Project
boundary set forth in Exhibit G of this application contains some minor adjustments to the existing Project
boundary, to ensure that the boundary encompasses all lands and waters that are necessary for Project
purposes, consistent with FERC regulations and governing precedent. As provided in NDAA 2020 section
7612(b)(3)(C), GRDA consents to these proposed adjustments to the Project boundary.
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The current Project boundary (2014 boundary) was developed and approved prior to the availability of
accurate Light Detection and Ranging (LIDAR) elevation or contour data. The Project boundary presented
in Exhibit G utilizes the LIDAR information in the form of the Digital Elevation Model used for the
hydrologic and hydraulic (H&H) Model. This information is viewed as the most accurate elevation or
contour information readily available for mapping purposes.

The accuracy of the 2014 boundary has been improved to create the Project boundary shown in Exhibit G
of this application. The 2014 boundary intended to follow specific contour elevations or parcel lines as
defined on the Project boundary maps but did not accurately graphically and spatially depict the actual
location of the Project boundary. In areas where there is significant shoreline development or other areas
where the 2014 boundary did not accurately encompass the entire reservoir area at the elevations
depicted on the 2014 boundary drawings, the Project boundary presented in Exhibit G of this application
was created to match the best available data and correct the deficiencies of the 2014 boundary drawings.

Accuracy improvements were made to the create the Project boundary maps enclosed as Exhibit G of this
application. The improvements are generally organized according to the following categories that are also
explained as map notes on the enclosed Exhibit G and the explanation maps contained in Appendix E-2.

The following accuracy improvements were made, and their locations are shown on the explanation maps

contained in Appendix E-2:

91 Parcel line accuracy improvements were made when the 2014 boundary intended to follow parcel lines,

1 Metes and bounds/ROW accuracy improvements were made when the 2014 boundary included land
that is not needed for the operation of the Project,

1 Contour elevation accuracy improvements were made when the 2014 boundary intended to follow a
specific contour elevation and the 2014 boundary did not accurately graphically or spatially represent
the location of the contour line, or

1 Extension/interpolation accuracy improvements are very short in distance and were made to transition
among accuracy improvements or between accuracy improvements and the 2014 boundary where it
is mapped accurately enough to leave the boundary unchanged for the anticipated Project boundary
included in Exhibit G.

2.3 Alternatives To the Proposed Action

The Commission will consider and assess alternative recommendations for operational or facility modifications
as well as protection, mitigation, and enhancement measures identified by the Commission, resource
agencies, Native American Tribes, Non-governmental organizations, and the public.

2.4 Alternatives Considered but Eliminated from Detailed Study

FERC proposed eliminating the alternatives in the following sections from detailed study in SD2.

2.4.1 Federal Government Takeover of the Project

I n accordance with Section 16.14 of the Commissionés
file a recommendation that the United States exercise its rights to take over a hydroelectric project with a
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license that is subject to Sections 14 and 15 of the FPA.?* In SD2, the Commission indicated federal
takeover was not a reasonable alternative. Federal takeover of the Project would require congressional
approval. No parties suggested federal takeover is appropriate, and no federal agencies have expressed
interest in operating the Project. There is no evidence showing federal takeover should be recommended
to Congress (Federal Energy Regulatory Commission, 2018a).

2.4.2 Issuing a Nonpower License

The Commission may issue a hon-power license temporarily that is terminated when it determines
another governmental agency is authorized and willing to assume the regulatory authority and
supervision over the lands and facilities covered by the non-power license. No governmental agencies
have indicated they have a willingness or ability to take over the Project. No parties have sought a non-
power license, and there is no information to conclude the Project should no longer be used for power
production. The Commission has concluded that consideration of a non-power license was not a
reasonable alternative to relicensing the Project (Federal Energy Regulatory Commission, 2018a).

2.4.3 Decommissioning the Project

Decommissioning of the Project could be accomplished with or without dam removal. Both alternatives
would require the Commission to deny the relicensing application and require GRDA to file an application
to surrender the existing license. Decommissioning the Project and/or removing Project facilities would
involve significant costs. The Project provides a clean, safe, and viable source of renewable energy in the
region. If the Project were decommissioned, it would no longer be authorized to generate electricity. No
entities have requested decommissioning or indicated that it is appropriate. The Commission has
concluded that Project decommissioning was not a reasonable alternative to relicensing the Project
(Federal Energy Regulatory Commission, 2018a).

24 16 USC §§ 791(a)-825(r).
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3. Environmental Analysis

This analysis was prepared by GRDA and includes a description of the affected environment and the
environmental effects, as appropriate, of continued current operation (under the current post-2015 rule
curve) or baseline operation (under the pre-2015 rule curve) as appropriate versus the anticipated
operation (without a rule curve) of the Project. The information provided is based on existing sources of
information including the results of studies conducted during the relicensing process.

To predict reservoir elevations that may occur in the future under the anticipated operation (without a rule
curve) and to replicate reservoir elevations under the current operation (under the current post-2015 rule
curve) and baseline operation under rule curves, GRDA used the OM and inflow data from the period
April 1, 2004 through December 31, 2019, which were provided by the USACE RiverWare Model to
simulate the resulting reservoir elevations under the current operation (under the current post-2015 rule
curve) and baseline operation (under the pre-2015 rule curve) and the anticipated operation. The OM is
further explained in Section 3.4.1.3.10.

Current Operation (under the current post-2015 rule curve)

Simulated results for the current operation (under the current post-2015 rule curve) from the OM utilize

the rule curve implemented f ol 2005v0rder@201t5 Breler)thatmemsed si onds |
the rule curve to guide operations for the entire inflow data period of April 1, 2004 through December 31,

2019. Graphs showing the computed 10%, 25%, 50%, 75%, and 90% exceedance values for the

observed and modeled Grand Lake elevations each day under current operation (under the current post-

2015 rule curve) are provided as Appendix B-8.1. The graph for the observed Grand Lake elevations is

reproduced as Figure 3-1. The hourly headwater elevations from the OM used for development of the

observed graph spans a time period from August 14, 2015 through December 31, 2022.
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Figure 3-1 Observed Headwater Elevation Exceedance Curves for Current Operation
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The graph for the modeled Grand Lake elevations is reproduced as Figure 3-2. The hourly headwater

elevations from the OM used for development of the modeled graphs span a time period from April 1,
2004 through December 31, 2019.
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Figure 3-2 Modeled Headwater Elevation Exceedance Curves for Current Operation
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Baseline Operation (under the pre-2015 rule curve)

Simulated results for the baseline operation (under the pre-2015 rule curve) from the OM utilize the rule
curve that was in place just prior to the 2015 Order to guide operations for the inflow data period of April 1,
2004 through December 31, 2019.

Anticipated Operation (without a rule curve)

Simulated results for the anticipated operation from the OM utilize the anticipated operation as outlined in
Section 2.2.2 to guide operations for the entire inflow data period of April 1, 2004 through December 31,
2019. A graph showing the computed 10%, 25%, 50%, 75%, and 90% exceedance values for modeled
Grand Lake elevations each day under anticipated operation is provided as Appendix B-1. The graph for
the modeled Grand Lake elevations is reproduced as Figure 3-3. The hourly headwater elevations from
the OM used for development of the modeled graph spans a time period from April 1, 2004 through
December 31, 2019.
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Figure 3-3 Modeled Headwater Elevation Exceedance Curves for Anticipated Operation
Pensacola Modeled Headwater Elevations
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Figure 3-4 provides median reservoir elevations by month for both the current operation (under the
current post-2015 rule curve) and the anticipated operation without a rule curve. These values along with
many other values generated by the OM will be used in the environmental analyses contained in this
section to discuss environmental effects of the current operation (under the current post-2015 rule curve)
versus the anticipated operation without a rule curve.
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Figure 3-4 Median Reservoir Elevations by Month for Current and Anticipated Operations

’ Anticipated Operations
Median Values
(feet PD) Jan Feb [ Mar | Apr | May | Jun Jul Aug | Sep Oct | Nov | Dec
742.89| 742.92| 743.23| 743.72| 744.99| 744.72| 743.26| 742.85| 742.88( 742.74| 742.62| 742.84
Jan |742.02] 0.87 | 091 | 1.21 | 1.71 1.24 | 0.83 | 0.87 | 0.72 | 0.61 | 0.82
Feb |742.02] 0.87 | 0.90 | 1.21 | 1.70 1.24 | 0.83 | 0.86 | 0.72 | 0.60 | 0.82
Mar | 742.03| 0.86 | 0.89 | 1.20 | 1.69 1.22 | 0.82 | 0.85 | 0.71 | 0.59 | 0.81
g Apr |742.08] 0.81 | 0.84 | 1.15 | 1.64 1.18 0.80 | 0.66 | 0.54 | 0.76
% May | 743.82| -0.93 | -0.90 | -0.59 | -0.09 | 1.17 | 0.90 | -0.56 -0.93
€ | Jun |74a.21) 232 | 129 | 0.98 | 0.9 | 0.7 | 0.51 | -0.96 6 | -1.33 <137
E’é Jul |744.03| -2.34 | -1.20 | -0.80 | -0.30 | 0.97 | 0.69 | -0.77 -1.14 | -1.28 | -1.40 | -1.18
g Aug |(743.18]| -0.29 | -0.25 | 0.05 | 0.55 | 1.82 | 1.54 | 0.08 -0.29 | -0.43 | -0.55 | -0.33
3 Sep |742.98| -0.09 | -0.05 | 0.25 | 0.75 | 2.02 | 1.74 | 0.28 -0.09 | -0.24 | -0.35 | -0.14
Oct |742.02) 0.87 | 091 | 1.21 | 1.71 1.24 087 | 0.73 | 0.61 | 0.82
Nov |742.01] 0.88 | 0.91 | 1.22 | 1.71 1.25 087 | 0.73 | 0.61 | 0.83
Dec |742.01] 0.88 | 0.91 | 1.22 | 1.71 1.24 087 | 0.73 | 0.61 | 0.83

It is important to utilize the current operation under the current rule curve and the baseline operation
under the pre-2015 rule curve for a proper analysis on a case-by-case basis for each type of resource.
This is important because some resources are sensitive to reservoir level changes and the current
occurrence of that resource may have already adapted to the current operation conditions that have been
in place since the 2015 Order. However, other more resilient resources are only sensitive to reservoir
level changes over the long-term. Therefore, the baseline analysis that simulates the operating
requirements that were in place prior to or prior to and after the 2015 Order can both be appropriate
comparisons depending upon the specific resource being analyzed.

3.1 General Description of the River Basin

3.1.1

Grand River Basin

The Pensacola Project is located on the Grand River, a tributary of the Arkansas River. The Grand River
begins as the Neosho River in east central Kansas, just north of the city of Council Grove. The Neosho
River generally flows southeast through Kansas for approximately 300 miles into Oklahoma. The Grand
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Dam is located at RM 77 and impounds water upstream approximately 66 miles, extending upstream of

the confluence of the Neosho River and Spring River approximately 14 miles up the Neosho River and 10
miles up the Spring River (Federal Energy Regulatory Commission, 1991). At flood pool, when the river is
under USACE jurisdiction, the water is impounded further upstream into the tributaries (Grand River Dam
Authority, 2008).

wi tPdnsatolae

The river basin covers a total area of 12,520 square miles in four states, including Kansas with
approximately 6,220 square miles, Missouri with approximately 2,960 square miles, Oklahoma with
approximately 2,930 square miles, and Arkansas with approximately 410 square miles. The river basin
ranges in elevation from approximately 1,500 feet mean sea level (msl) in the upper basin in Kansas to
about 500 feet msl in the lower basin in Oklahoma (Federal Energy Regulatory Commission, 1991).
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3.1.2 Major Land Uses

Land use in the Grand River Basin is devoted primarily to agriculture, mining, and recreational
development. Corn, small grains, sorghum, alfalfa, fruits, and vegetables are the principal crops
produced. Coal, clay, lead, zinc, lime, petroleum, and natural gas are mined in the basin (Federal Energy
Regulatory Commission, 1991). A more detailed description of current land use in the Project vicinity is
found in Section 3.9.

3.1.3 Major Water Uses

Water from the Pensacola Project serves multiple purposes including hydropower generation, water
supply, public recreation, fish and wildlife enhancement, and flood control. A more detailed description of
water use in the Project vicinity is found in Section 3.4.

3.1.4 Grand River Basin Flow Management

The Arkansas River watershed, and the Grand/Neosho subbasin in particular, has a well-established
history of significant flooding, which predates the original construction of the Project (Section 3.4.1.3.1).
One of the purposes of the Pensacola Dam, and USACE reservoirs both upstream and downstream of
Pensacola Dam, in fact, is to provide flood control. For purposes of flood control in the Grand River Basin
and overall Arkansas River Basin System, the Tulsa USACE office manages an elaborate and complex
system of eleven large reservoirs, including Grand Lake. Within the Grand/Neosho subbasin, USACE
manages three federal reservoirs upstream of the Pensacola Project, which consist of the Marion
Reservoir, Council Grove Reservoir, and John Redmond Reservoir. These three federal reservoirs have a
combined storage capacity of approximately 465,000 acre-f eet . Downstream of Grand Lal
Lake Hudson (Markham Ferry), USACE manages Fort Gibson Reservoir (919,000 acre-feet) on the
Grand River prior to its confluence with the Arkansas River.

Within this large system, USACE must provide the safe passage of flows to municipalities and lands as
far upstream as Emporia, Kansas, as well as downstream to Muskogee, Oklahoma and further down the
Arkansas River system, including Fort Smith, Russellville, Van Buren, and even Little Rock, Arkansas
(Grand River Dam Authority, 2017a).

Pensacola, Markham Ferry, and Fort Gibson reservoirs are regulated as a subsystem of the Arkansas
River Basin System, with similar percentages of the total flood control storage in each project utilized
during periods of high flow. The system is also balanced by percentage of flood control storage utilized
during evacuation (US Army Corps of Engineers, 1992). Under Section 7 of the Flood Control Act of 1944
and the NDAA 2020, USACE has the exclusive jurisdiction to prescribe releases from Pensacola Dam
under active or anticipated flood operations.?> A map showing the dams on the Grand River and Arkansas
River is in Appendix E-3.

3.1.5 Tributary Streams

Principal tributaries of the Grand River include the Cottonwood, Elk, and Spring Rivers and Big Cabin,
Labette, Lightning, and Spavinaw Creeks (Federal Energy Regulatory Commission, 1991).

% 33 USC §709.
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3.1.6 Climate

The climate in Delaware County and Ottawa County, Oklahoma, where the majority of the Project is
located, is temperate with average annual temperatures of 58.9 degrees Fahrenheit (°F) and 57.8°F,
respectively and an average annual precipitation of 46.68 inches and 46.02 inches, respectively
(Oklahoma Climatological Survey, n.d.a). Warm, moist air moving northward from the Gulf of Mexico often
influences weather, especially in the southern and eastern portion of the state resulting in increased
humidity, cloudiness, and precipitation (Oklahoma Climatological Survey, n.d.b).

3.2 Scope of Cumulative Effects Analysis

According to the Council on Environmental Qualityos
cumulative effectis definedas,ié t he effect on the environment that
of the Action when added to other past, present, or reasonably foreseeable future actions, regardless of

what agency (federal or non-federal) or person undertakes such other actions. Cumulative effects can

result from individually minor but collectively significant actions taking place over a period of time,

including hydropower and other land and water development activitieso (Federal Energy Regulatory

Commission, 2018a).

In SD2, the Commission stated it received analysis and comments from staff during the scoping process,
which indicated geology and soils, water quantity, land use, socioeconomics, and cultural resources have
the potential to be cumulatively affected by the proposed continued operation and maintenance of the
Project in combination with other hydroelectric projects and other activities within the Grand River Basin.

3.2.1 Geographic Scope
3.2.1.1 Geology and Soils

In SD2, the Commission identified the geographic scope for geology and soils to include the Grand River
Basin, which extends approximately 66 miles upstream from the Pensacola Dam and downstream to the
Markham Ferry Project Dam. The collective operation and maintenance of the Project, in combination
with other developmental and non-developmental uses of the Grand River Basin have the potential to
affect geology and soils in the Grand River (Federal Energy Regulatory Commission, 2018a). The
geology and soil resources that could potentially be cumulatively affected by continued operation of the
Project are discussed in Section 3.3.

3.2.1.2 Water Quantity

The Commission identified the geographic scope for water quantity to include the system of 11 dams
managed by USACE for the purposes of flood control. This system extends upstream from the Pensacola
Project, including the Marion, Council Grove, and John Redmond Reservoirs, and downstream from Grand
Lake to include GRReebvsir(ldie Hkd$on) and fhe Font Gibson Reservoir on the
Grand River prior to its confluence with the Arkansas River. This geographic scope was chosen because it
includes the entire Grand River Basin that is managed for flood control purposes. USACE flood control
operations in the Grand River Basin have the potential to affect water quantity directly and cumulatively at
Grand Lake (Federal Energy Regulatory Commission, 2018a). The water quantity resources that could
potentially be cumulatively affected by continued operations are discussed in Section 3.4.
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3.2.1.3 Land Use and Cultural Resources

The Commission identified the geographic scope for land use and cultural resources as Grand Lake to
elevation 750 feet PD, as well as any adjacent upland areas that are periodically inundated by Grand
Lake. The existing operation and maintenance of the Project, in combination with other developmental
and non-developmental activities within the Grand River Basin, have the potential to cumulatively affect
land use adjacent to the reservoir or cultural resources located on lands adjacent to the reservoir,
including by flooding of adjacent lands (Federal Energy Regulatory Commission, 2018a). The land use
and cultural resources that could potentially be cumulatively affected by continued operation of the
Project are discussed in Section 3.9 and Section 3.11, respectively.

3.2.1.4 Socioeconomic Resources

The Commission identified Craig, Delaware, Mayes, and Ottawa Counties, Oklahoma as the geographic

scope of analysis for socioeconomic resources. These counties contain the communities that are most

closely associated with Grand Lake and have the potential to be economically affected bythe Pr oj ect 6 s
operations (Federal Energy Regulatory Commission, 2018a). The socioeconomic resources that could

potentially be cumulatively affected by continued operations are discussed in Section 3.12.

3.2.2 Temporal Scope

The temporal scope of the cumulative effects analysis addresses past, present, and reasonably
foreseeable future actions and their effects on each affected resource. Based on the expected term of a
new license, the temporal scope of analysis will reasonably address foreseeable actions for 30 to 50
years into the future (Federal Energy Regulatory Commission, 2018a). It is reasonable to expect the
existing laws and regulations that are used to protect and manage resources within the Grand River
Basin that have the potential to be cumulatively affected by continued operation of the Project will remain
in place for the term of a new FERC license and will continue to balance human uses with the protection
of potentially impacted resources.

3.3 Geology and Soils
3.3.1 Affected Environment
3.3.1.1 Topography

The Pensacola Project spans two geomorphic provinces, which include the Ozark Plateau and Neosho
Lowland. Maps showing the geomorphic provinces of Oklahoma and general topography of the
Pensacola Project vicinity are in Appendix E-4 and Appendix E-5, respectively.

The eastern portion of the Project vicinity lies within the Ozark Plateau geomorphic province. Its
landscape is typified by locally rugged topography of deeply dissected limestones and cherts from the
Mississippian subperiod. Deep ravines and narrow stream valleys with branched systems transition into
gently rolling uplands (Grand River Dam Authority, 2017a). Hilltops adjacent to the Project in this province
range in elevation from 850 to over 1,000 feet.

The western portion of the Project vicinity lies within the Neosho Lowland geomorphic province. Its
landscape is typified by gently rolling plains with occasional hills and ridges. Generally, shorelines
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surrounding the Project reservoir in this geomorphic province have gentler slopes as compared to those
in the Ozark Plateaus. The Neosho Lowland geomorphic province was formed on shales from the
Pennsylvanian subperiod and is marked by occasion low escarpments and buttes capped by
Pennsylvanian sandstones and Mississippian limestones (Grand River Dam Authority, 2017a). Hilltops
adjacent to the Project in this province range in elevation from 800 to about 850 feet.

3.3.1.2 Geology

The major geologic provinces in Oklahoma are shown in Figure 3.3.1.2-1. The Pensacola Project is
almost entirely within the Ozark Uplift geologic province; the northwestern-most portion of the Project is in
the Cherokee Platform geologic province, which bounds the Ozark Uplift to the west.

Figure 3.3.1.2-1 Geologic Provinces of Oklahoma
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3.3.1.2.1 Regional Geology

The Ozark Uplift is a broad dome that covers large portions of northeastern Oklahoma, southern
Missouri, and northeast Arkansas. The western boundary of the Ozark Uplift with the Cherokee
Platform generally parallels the alignment of the Grand River and Spring River (Grand River Dam
Authority, 2021a). A majority of the Grand River upstream of its confluence with the Elk River is
incised into the very western portion of the Ozark Uplift and the Neosho River formed primarily in the
Cherokee Platform.

The Ozark Uplift is divided into three portions, which include the Salem Platform, Springfield
Structural Plain, and Boston Mountains. The Pensacola Project is located within the Springfield
Structural Plain. It is underlain largely by rocks of Mississippian age and slopes generally outward
from the center of the uplift to the west, southwest, and south (Grand River Dam Authority, 2021a).
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Structural features in the Project vicinity include the Horse Creek Anticline, Seneca Fault, and Locust
Grove Fault, all of which trend southwest to northeast. The Horse Creek Anticline is located about five
to six miles northwest of the Pensacola Dam. The Seneca Fault is approximately 100 miles in length
and extends from Pryor, Oklahoma to southwestern Missouri. The Seneca Fault is inactive and
passes approximately 1,700 feet downstream of the Pensacola Dam and is visible where it crosses
the main spillway channel. This fault also passes very close to the middle spillway and continues to
the northeast through Grand Lake. The Locust Grove Fault is approximately 10 miles long and is also
an inactive fault. This fault is located approximately 18 to 19 miles south-southwest of the Pensacola
Dam at its closest point (Grand River Dam Authority, 2021a).

3.3.1.2.2 Local Geology

Bedrock in the vicinity of the Pensacola Project consists of Mississippian-age rocks, which include the
Keokuk and Reed Spring Formations and underlying St. Joe Group. At greater depths, the St Joe
Group is underlain by Devonian-Mississippian Rocks (Grand River Dam Authority, 2021a).

The Keokuk Formation consists of massive, white to buff- and gray-mottled, fossiliferous chert and
irregular masses of blue-gray, dense, fine grain limestone. The thickness of this formation ranges up
to 250 feet with an average thickness of 60 to 80 feet. The formation is exposed primarily in the steep
slope at the west abutment of the Pensacola Dam (Grand River Dam Authority, 2021a).

The Reeds Spring Formation comprises the majority of the Pensacola Dam foundation and consists
of alternating gray, thin-bedded, fine-grained, dense limestone and dark gray to blue gray and tan
chert in nearly equal parts. This formation has a maximum thickness of 175 feet in the Project vicinity
(Grand River Dam Authority, 2021a).

The St. Joe Group comprises three distinct subdivisions in northeast Oklahoma. The upper Pierson
Formation includes up to 25 feet of gray, thick bedded, fine-crystalline limestone. Locally, this
formation passes into a thick crinoidal reef that may exceed 50 feet in thickness. The middle
Northview Formation consists of 3 to 5 feet of gray-green, calcareous shale or marlstone. The lower
Compton Formation includes up to ten feet of gray, nodular-weathering, heavy-bedded limestone
(Grand River Dam Authority, 2021a).

The Devonian-Mississippian age Chattanooga Formation underlies the St. Joe Group and consists of
a dark gray to black, thinly bedded shale with minor amounts of sandstone (Grand River Dam
Authority, 2021a).

3.3.1.3 Local Geomorphology

Geomorphic provinces are areas where the current character of the landforms differs significantly from
the landforms of the adjacent areas (Johnson, K.S. and K.V. Luza, 2008). As shown in Figure 3.3.1.3-1,
the major tributaries which form the northern and western areas of the reservoir as the Neosho River and
Spring River, were formed in the Neosho Lowland province, which is characterized by gently rolling shale
lowlands with few escarpments. The main tributaries that come together to form the eastern and southern
portions of the reservoir were formed in the Ozark Plateau province characterized by a deeply dissected
plateau of Mississippian limestones and Cherts.
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The differences in geomorphic province characteristics are evident in the river valleys forming the
reservoir and on its shorelines. The Neosho River Valley upstream of its confluence with the Spring River
typically has gradual slopes with mud substrates, silt deposits, and wetlands at confluences with small
tributaries (Grand River Dam Authority, 2017a). The other southern and eastern shorelines of the
reservoir typically have limestone bluffs and steep, rocky beaches (Grand River Dam Authority, 2017a).

Such as occurs in the Pensacola Project and its riverine system, changes due transitions from one
geomorphic province to another cause changes from upstream to downstream fluvial geomorphic
properties. Therefore, such fluvial geomorphic properties such as soil type, valley and thalweg slope,
valley and thalweg orientation, erodibility and sediment transport are generally different in the northern
and western portions of the Project compared to the southern and eastern portions of the Project.
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Figure 3.3.1.3-1 Geomorphic Provinces of Oklahoma
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Neville M, Curtis, Jr., William E. Ham, and
Kenneth S, Johnson, Oklahoma Geological Survey

A geomorphic provinee is pant of the Earth's
surface where a suite of ocks with similar geologic
character and structure underwent a similar geolog-
i¢ hiztory, and where the present-day chameter and
landforms differ significantly from adjacent provine-
es. The term used here is the same as “physiographic
province”

Most outerops in Oklahoma consist of horizon-
tal or gently dipping sandstones, sands, and shales
of Penmsylvaman, Permian, Cretaceous, and Tertiary
ages (see Geologic Map of Oklahoma on page 6).

Some sandstones {mainly in eastern Oklahoma) are
well indurated (cemented), but in most other parts of
Oklahoma they are not so well indurated and erode
casily; therefore, much of Oklahoma = gently rolling
hills and broad, flat plains, Elsewhere, erosion-resis-
tant layers of sandstone, limestone, or gypsum form
p\wtwrivc caps on buttes, cuestas, escatpments, and
high hills,

Among the mare impressive geomarphic proving-
s are several mountain beits and uplifts in southem
and northeastern Cklaboma. In the southern thind of

e 130000
# e

1 L

Oklahoma, well-indurated rocks were folded, fulted,
mduplified forming the Wichita, Arbuckle, mdOua-
chita Mountains, The mountains and high hills, the
resistant rock units, and the complex geology of these
three provinces contrast sharply with Oklahoma’s
typical rolling hills and broad plains. Inhilly, wooded
areas of the Ozark Platean and Boston Mountains in
northeastern Oklahoma, streams and rivers created
sharp relief locally by cutting down into resistant
limestones and sandstones.

Source: (Johnson, K.S. and K.V. Luza, 2008)
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3.3.1.4 Soils

Soil development is complex within the Project vicinity and is dependent on and varies with the underlying
geologic material, local topography, climate, land use, and habitat. In general, dominant soils of the Ozark
Plateau are ultisols, while those of the Neosho Lowlands are mollisols (Grand River Dam Authority, 2017a).

Ultisols of the Ozark Plateau are brown to light brown, silty soils with reddish clay subsoils on cherty
limestones. They are typically found under forests and are identified by intense leaching, a clay horizon,
and a low supply of bases below the surface level. Ultisols are generally well suited for shifting cultivation,
although they can be highly productive if used with fertilizers. Most soils in the Ozark Plateau will not
readily absorb ionic constituents found in infiltrating water (Grand River Dam Authority, 2017a).

The mollisols found under grasses in the Neosho Lowlands, are steppe soils with a relatively thick, dark,
and humus-rich surface layer. The mollisols in the Project vicinity are deep, dark-colored soils mostly with
clay subsoils developed on shales, sandstones, and limestones under tall grass prairies. These soils
often have distinct layers rich in clay, sodium, calcium, and other materials (Grand River Dam Authority,
2017a). Mollisols are well suited for agricultural use.

A review of the Natural Resource Conservation Service (NRCS) Web Soil Survey was completed on
October 20, 2022 and the resulting custom soil report for the Project vicinity is in Appendix E-6. The five
most prevalent soil series identified in the Project vicinity include Clarksville (49.0%), Osage (9.1%),
Verdigris (5.7%), Britewater (5.2%), and Choteau (3.9%). The general characteristics of each of these soll
series are shown in Table 3.3.1.4-1.

Table 3.3.1.4-1 Prevalent Soil Characteristics in the Pensacola Project Vicinity

) ) Drainage : Water Transmittal
Soil Series . Formation . Runoff Class
Classification Capacity
Clarksville Somewhat Steep side slopes of hills Moderately low Medium to
silt loams excessively drained and narrow ridge tops to high very high
Osage silty Poorly drained Flood plains very low to Very low
clays moderately low
\{erdlgrls Well drained Flood plains Moderatgly high Very low
silt loams to high
B_ntewater Well drained Stream terraces Moderat(_aly high Low
silt loams to high
Choteau silt Somewhat poorly High terraces or foot Moderately low to .
. . Low to medium
loams drained slopes of uplands moderately high

Source: (USDA Natural Resources Conservation Service, n.d.)

3.3.15

Erosion

The NRCS uses a computer software model called the Revised Universal Soil Loss Equation Version 2
(RUSLE 2) to estimate soil loss from erosion caused by rainfall on cropland. Several factors are viewed in

RUSLE 2 to estimate soil erosi on pfatergidclude hydroldygie grouim i |
T factor, Kf factor, and soil texture.
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The hydrologic group for each soil is based upon runoff potential for saturated and bare soils and range from
Group A to Group D, with Group A having the lowest runoff potential and Group D having the highest. The T
factor is an estimate of the maximum average rate of soil erosion in tons per acre that can occur without
affecting crop productivity over a sustained period. T factor values range from 1 to 5 tons per acre, with
higher values being less subject to damage from erosion. The T factor also relates to the ability of the soil
to revegetate once it is disturbed. The Kf factor gives an indication of how susceptible a soil type is to
sheet and rill erosion. Kf factor values range from 0.02 to 0.69, with 0.69 having the highest susceptibility
to erosion. NRCS also provides representative values of the amounts of sand, silt, and clay to describe
the representative soil texture in each soil type (USDA Natural Resources Conservation Service, 2001).

A summary of the RUSLE 2 related attributes for the five most prevalent soil series in the Project vicinity
are shown in Table 3.3.1.5-1.

Except for moderate slumping of an area downstream of the dam following the 2015 flood of record, no
instances of mass soil movement, slumping, or other forms of instability are present within the Project

boundary (Grand River Dam Authority, 2017a).

Table 3.3.1.5-1 RUSLE 2 Related Attributes for the Five Most Prevalent Soil Series in Project Vicinity

Percent Soil Texture
Soll mare of Proiect Hydrologic T Kf Representative Values
Vicinjit Group Factor | Factor % % %
y sand | Silt | Clay
Clarksville
gravelly silt loam 0.84 A 2.0 0.37 26.5 535 20.0
very gravelly silt loam 14.73 A 5.0 037 | 293 | 537 | 17.0
1-8% slopes
very gravelly silt loam
5-20% and 20-50% slopes 21.38 B 3.0 0.32 21.2 67.5 11.3
stony silt loams 12.03 A 2.0 0.32 26.3 52.7 21.0
Osage
silty clay 9.12 D | 50 [ 020 | 20 | 450 | 530
Verdigris
silt loam 421 B 5.0 0.37 11.3 67.7 21.0
silty clay loam 1.49 C 5.0 0.32 7.0 62.0 31.0
Choteau
silt loam 5.18 c | 50 | 032 | 250 | 530 | 220

Source: (USDA Natural Resources Conservation Service, n.d.)

3.3.1.6 Reservoir Shoreline

The Grand Lake shoreline ranges from forested areas with a variety of different vegetative cover types to
areas largely developed for commercial and residential uses. The overall vegetation in the Project vicinity
is dominated by deciduous forests.
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Soils along the Grand Lake shoreline can be cherty and have developed from carbonate rocks or
interbedded chert, sandstone, and shale. The primarily soils consist of stony, silt-loam soils on slopes
ranging from 5-20%. Timbered upland ridges in cherty limestone areas are also characterized by this soil
type. Within the Ozark Plateau, the Ozark highlands ecoregion is largely underlain by highly soluble and
fractured limestone and chert. Caves, sinkholes, and underground drainage occur, heavily influencing
surface water availability, water temperature, and the potential for surface and groundwater contamination.
Numerous sinkholes allow surface water to rapidly infiltrate into the subsurface and recharge the underlying
shallow aquifers. Clear, cold perennial spring-fed streams with bedrock bottoms are common. Numerous
small, dry valleys occur where overland flow is entirely driven by runoff. Losing streams are common,
permitting the flow of water directly into the groundwater system through streambeds. During the summer
dry period, springs and groundwater recharge help sustain stream flows (Grand River Dam Authority, 2017a).

The shoreline of upper Grand Lake along the northern and western portions is generally typified by
gentler slopes, while the shoreline of the southern and eastern portions is steep rocky beaches and bluffs.
Upper Grand Lake has large sections of primarily undeveloped shoreline. However, the lower reservoir
shoreline areas consist of limestone bluffs that are mainly developed for commercial and residential use
(Grand River Dam Authority, 2017a).

3.3.1.7 Sedimentation

3.3.1.7.1 Sedimentation Study Background

Sediment transport, erosion, and deposition are natural processes that can have impacts to
hydroelectric projects. Rivers carry sediment downstream, and as flow conditions change, they erode
or deposit that load. Where tributaries meet, streambed gradients change, floodplains widen, near
bridge and channel constrictions, and other places where flow velocities decrease, sediment tends to
drop out of the flow and create depositional features that have the potential to affect upstream flows.

During the relicensing process of the Pensacola Project, stakeholders expressed interest in a

Sedimentation Study to evaluate future impacts of sediment deposition in the system. The study had

two primary goals:

1 Determine potential effect of Project operations on sediment transport, erosion, and deposition in
the lower reaches of tributaries to Grand Lake upstream of Pensacola Dam.

9 Provide an understanding of sediment transport processes and patterns upstream of Grand Lake
on the Neosho River, Spring River, and Elk River, as well as on Tar Creek.

Tocompl ete the Updated Study Plan (USP) submitted to
requested modifications as provided in the May 2022 Study Modification Determination, GRDA has

used a fthree-legged-stoolomethodology to evaluate sedimentation in the study area (Anchor QEA,

LLC, et. al., 2022) (Federal Energy Regulatory Commission, 2022b). GRDA completed extensive

fieldwork to collect data on the existing system to support three different analyses. They performed a

Qualitative Analysis of the system, then a Quantitative Analysis, and finally developed a Sediment
Transport Model (STM)usingHy dr ol ogi ¢ Engineering Ce(HE@RAS)s Ri ver A
Findings from each leg supported the others and helped validate results. The culmination of the study

allowed GRDA to evaluate impacts to upstream water levels and reservoir storage due to expected

future sediment deposition.
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3.3.1.7.2 Field Data

GRDA used a variety of field data to complete the Sedimentation Study, which included both existing
datasets provided by USACE, USGS, OWRB, and other sources, as well as data collected by GRDA
during the study. Major datasets are described in the sections below and include bathymetry and
topography, inflow volumes and water levels, sediment loading, and sediment properties.

Bathymetry and Topography

Bathymetry and topography data were available from multiple dates for use in STM development.
This allowed GRDA to create a starting terrain for use in the STM, then simulate sedimentation in the
study area and compare to later terrain measurements for calibration and validation.

Bathymetric and topographic data are available from a range of sources. Grand Lake was surveyed
by OWRB in 2009, then again by USGS in 2019 (Oklahoma Water Resources Board, 2009); (Hunter,
S.L, et. al., 2020). Upstream surveys of the Neosho River, Spring River, and Elk River were
performed as part of the 1998 Grand Lake, Oklahoma Real Estate Adequacy Study (REAS) (US
Army Corps of Engineers, 1998). USGS surveyed those reaches again in 2017 (Smith S., et. al.,
2017). Topographic information was available from surveys performed in support of the 1998 REAS
and LiDAR flights conducted in 2011 (Dewberry, 2011). Other topographic information was obtained
from the USGS National Elevation Dataset one-third, arc-second datasets where LIDAR information
was unavailable. Circa-1940 topographic maps and cross-sectional survey information were digitized
for analysis of conditions at the time of dam construction (US Army Corps of Engineers, 1938) (US
Army Corps of Engineers, 1941) (US Army Corps of Engineers, 1942). Additionally, stage

storage- curves were available from circa-1940 USACE as-built drawings, as well as the more recent
Grand Lake bathymetry surveys.

Several of these datasets have significant uncertainties. This is especially true of the circa-1940 data
andhas been discussed at(AntherQgA, LLLC,ietnal., G0RT) #&nd YSRU S P
(Appendix E-7). Models and study results can only be as good as the data upon which they rely. The
circa-1940 data is based on low-resolution scans of topographic maps with 5-foot contour intervals
and non-georeferenced cross-sectional survey data. Limited resolution of the topographic maps
meant many contour labels were illegible. However, GRDA also recognizes these are the best
available information with known collection dates and, therefore, chose to use them in this study.
Because of the large uncertainties associated with the data, they included sensitivity analyses in their
modeling efforts as discussed in Section 3.3.1.7.5.

Inflow Volumes and Water Levels

Daily stream discharge information is available from USGS gaging stations along the Neosho River,
Spring River, and EIk River, as well as on Tar Creek (US Geological Survey, 2021a) (US Geological
Survey, 2021b) (US Geological Survey, 2021c) (US Geological Survey, 2021d) (US Geological
Survey, 2021e) (US Geological Survey, 2021f). There are also daily storage records at Pensacola
Dam that were converted to water levels based on USGS stage-storage curves (US Geological
Survey, 2022g). These records date back to approximately 1940. Continuous water surface elevation
(WSE) data are also available at these locations beginning in 2007.
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Data gaps existed within the period of record for USGS gaging stations within the Grand Lake
watershed, and the gaging network lacked spatial density. As a result, the study team developed a
field monitoring system to track WSE throughout the study area and fill data gaps. A set of

16 monitoring locations were selected, and pressure loggers were installed at each site in December
2016. Over the last 4.5 years, pressure and temperature were recorded at 30-minute intervals. The
record provided a detailed dataset of water levels used for model development and calibration.

The relevant datasets were used for STM development in several ways. They provided the hydraulic

calibration information for the model to ensure it was performing adequately. They also served as

input hydrographs for historical calibration and validation efforts, as well as a basis for future

simul ations. For future simulations, théeinwhovere randort
QEA, LLC, et. al., 2022).

Sediment Loading

USGS gaging stations also provide sediment transport data in the form of suspended sediment
concentration (SSC) measurements taken throughout the period of record at each gage (US
Geological Survey, 2021a) (US Geological Survey, 2021b) (US Geological Survey, 2021c) (US
Geological Survey, 2021d) (US Geological Survey, 2021e) (US Geological Survey, 2021f). These are
sporadic measurements, rather than the continuous monitoring available for discharge and stage at
the USGS gages.

GRDA collected SSC and bedload transport measurements on the Neosho River, Spring River, and
Elk River, as well as Tar Creek. These sampling efforts targeted high-flow events to fill in data gaps
present in USGS datasets. Each sample was collected according to USGS standards (US Geological
Survey, 2006).

Samples indicated most of the sediment moving through the system was fine silts and clays. Bedload

sampling showed no significant volume of coarse material moving through the system. These data
were used to create sediment loading files in the STM.

Sediment Properties

Sediment properties in the study area were defined by additional fieldwork. GRDA collected grab and
core samples on multiple occasions to parameterize sediment inputs. These included 62 grab
samples, 14 core samples for SEDflume analysis, and 24 cores using a vibracore sampler.

All grab samples and 22 of the vibracore samples were evaluated for grain size. Findings showed
significant portions of fine sediments in the silt and clay size range through much of the lacustrine
areas and higher proportions of coarse sand and gravel material in the upper reaches.

The SEDflume core samples were used to evaluate critical shear stress of the cohesive sediments in
the study area (Integral Consulting, 2020). The critical shear stress is the hydraulic shear stress (fluid
drag), at which sediment begins moving downstream. For non-cohesive materials like sand and
gravel, this can be approximated based on grain size and density. For cohesive materials, it is far
more complex and a function of depth in the soil column, degree of compaction, and other variables.
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SEDflume is used to measure critical shear stress for these sediments (McNeil, J.C. and Lick, W.,
1996). It uses a specialized hydraulic flume to pump water across a sediment core and measures the
erosion rate at different hydraulic shear stresses. Data can then be analyzed to determine critical
shear stress and erosion rates of cohesive material.

Vibracore sampling was used as a part of subsurface investigations. Vibracoring involves using a
vibratory machine to drive core tubes into the bed. Samples were used for two primary purposes:
grain size analysis and sediment layer dating. Sediment dating relied on cesium-137 (Cs-137) activity
evaluation at a specialized laboratory (Section 3.3.1.7.6).

This information was used to parameterize the sediment bed throughout the STM domain. The
importance of cohesive material in the study area complicated STM development. HEC-RAS is an
excellent tool for evaluating hydraulics and non-cohesive sediment transport but is more limited in its
ability to simulate cohesive sediment transport. As a result, it was necessary to model only the upper
portions of the system, rather than extending the model to Pensacola Dam, where cohesive materials
reduce the reliability of predictive HEC-RAS models. Calibration required more comprehensive inputs
to evaluate critical shear stress, erosion rates, and mobility parameters with the cohesive sediments.

This increased relevance of cohesive materials also introduced uncertainty to the model. Spatial
variations in erosive parameters are present in all sedimentation studies, but cohesive material
introduces significant temporal variability as well. As cohesive material accumulates, it compresses
and consolidates, increasing density and critical shear stress over time.

3.3.1.7.3 Qualitative Analysis
Qualitative analysis evaluated several features of the study area and included assessing the Project
itself, as well as geomorphic features over time.

Pensacola Dam

Like any impounded fluvial system, there is some amount of deposition near the headwaters which is
expected behavior and well-documented in the scientific literature (Fan, J. and G.L Morris, 1992) (US
Army Corps of Engineers, 1995) (Huang, J, et. al,, 2006) (Vanoni, V.A., 2006). Typical evolution of
such features shows under low flows, material is deposited on the top, then washed downstream
during higher flows. The net result is that most material is transported to the downstream face of the
delta feature; after an initial growth period, it does not increase appreciably in height. This is
illustrated in the evolution of the Cochiti Reservoir delta on the Rio Grande (Figure 3.3.1.7.3-1) and is
generally applicable to reservoir delta features. Recent surveys of the delta feature in Grand Lake
indicate it is currently at its maximum expected height and is in dynamic equilibrium.
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Figure 3.3.1.7.3-1 Typical Reservoir Delta Formation and Evolution - Progressive Bathymetric Surveys of the
Cochiti Reservoir Delta, Rio Grande River, New Mexico
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Bathymetric data review indicates the head of the Grand Lake delta feature is located at approximately
RM 122, which is more than 20 miles downstream of where the WSE of 745 feet PD at the top of the
conservation pool intersects the river thalweg at approximately 0.5 mile downstream of USGS
Commerce gage at East 60th Road Bridge. Data also suggested complex cohesive sedimentation
processes significantly impact deposition in the reservoir. Processes include density currents, fluid
mud flows, and changes in time of density, critical shear stress, and erosion rates.

Bridges
Bridges in the system also impact the volume and location of sediment deposition, particularly where

debris is caught on support piles. Support piles create hydraulic constrictions and backwater effects that
increase the likelihood of sediment deposition. The Burlington Northern Railroad Bridge and associated
embankment is an extreme example on the Grand River. This bridge features approximately 12,600
feet of embankment, which forces flow through an opening just 770 feet wide (Figure 3.3.1.7.3-2).
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Figure 3.3.1.7.3-2 Burlington Northern Railroad Bridge and Embankment at Twin Bridges Looking East
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Geologic Features

Vertical rock embankments and other features confine the stream at various locations in the Neosho
River. These cliffs eliminate the floodplain and confine flow to a relatively narrow cross section,
potentially creating upstream backwater and increasing deposition.

A now-submerged bioherm (ridge) composed of erosion-resistant limestone and chert was also
discovered by McKnight and Fischer (1970) at RM 108. This and other similar features are likely part
of the Ozark Uplift, specifically the Springfield Plateau. Their erosion resistance resulted in a change
in bank line grade as documented in the 1938 USACE topographic maps beginning at RM 108 and
extending upstream to approximately RM 115. These stable points affect sediment transport patterns
and increase the likelihood of deposition at the location of the delta feature.

Riverine Features

The rivers themselves also impact sediment transport. The confluences of the Neosho River with the
Spring River and Elk River provide opportunities for development of tributary bars. These form when
a steeper tributary flows into a stream with a shallower slope. The higher slopes of the Spring River
and Elk River allow them to carry more and coarser sediment than the Neosho River. When the two
rivers flow into the Neosho River, that decreased sediment carrying capacity results in deposition and
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the formation of tributary bars. The Spring River is approximately 7% steeper than the Neosho River,
and the Elk River is approximately 56% steeper.

Further upstream, there are flood-protection levees that disconnect the river from the floodplain.
Water is confined to the narrowed channels, raising water levels. During large flood events, this can
increase risk to communities not protected by levees.

3.3.1.7.4 Quantitative Analysis

The Quantitative Analysis was the second leg of the stool and was completed to help support the

ot her parts olégge@-Rdkappsoach.lit reked on a basis of the Qualitative Analysis and
helped validate the results of the STM (Section 3.3.1.7.3).

This analysis was developed in part because HEC-RAS was not purpose-built to accurately model
cohesive sediment transport in lacustrine systems. It is an effective tool for non-cohesive material in
streams, but the nature of Grand Lake and the type of sediment moving through the system meant an
alternative approach was recommended.

The Quantitative Analysis used sediment data, bathymetric information, and the hydraulically
calibrated STM to estimate deposition patterns in the study area. Historical bathymetry and sediment
data allowed quantification of deposition, as well as evaluation of sediment critical shear stress. The
STM hydraulic bed shear results allowed estimates of future deposition.

Sediment inflow rates were developed using the HEC-RAS fiSedi ment Rating Curve A
(US Army Corps of Engineers, 2022), which uses USGS and user-entered SSC data to create rating

curves for modeling. It also removes mathematical bias from log transformation of the SSC data and

allows evaluation of changes to sediment loading over time.

Sediment density was estimated using both core sampling (Integral Consulting, 2020) and grain size
distribution information (Lane, E.W. and V.A Koelzer, 1943). The analyses resulted in values of 58
pounds per cubic foot and 70 pounds per cubic foot, respectively.

The bathymetry was then evaluated to determine the percentage of sediment passing each analyzed
location through a given river location. That percentage was related to hydraulic shear stresses at
those locations, which showed a significant trend.

Future scenarios were then evaluated with a randomized 50-year hydrograph based on past
hydrology. The predicted STM bed shear stresses at the various river locations were used to estimate
the amount of deposition based on the shear stress versus percentage passing relationship found
previously. This allowed for prediction of the volume of deposition and increase in channel elevation.

The results showed greater than 95% of the sediment was transported downstream of RM 115, which
is the crest of the delta feature. Changes to average bed elevations predicted by this method are
shown in Figure 3.3.1.7.4-1.
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Figure 3.3.1.7.4-1 Average Bed Elevation Change 2020-2069 from Quantitative Analysis
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This analysis also included an evaluation of sediment loading throughout the period of record.
Findings indicated most of the sediment enters the system during flooding events. Flooding events
generally occur in just 20% of the record, yet approximately 76% of the total sediment moving into the

study area entered during this time. Sediment loadingisnotu nd e r

GRDAOSs

enters the system during flood events when GRDA does not have operational control of the Project.

3.3.1.75

Sediment Transport Model

The STM and computer modeling was the final component of the three-legged-stool approach. The
STM results were validated by the Qualitative Analysis and Quantitative Analysis discussed in
Section 3.3.1.7.3 and Section 3.3.1.7.4, respectively.

Development
The STM was developed as a quasi-unsteady one-dimension (1D) model in HEC-RAS. GRDA

created the circa-1940 geometry as a starting point for calibration and validation efforts, then used the
most recent surveys (USGS 2017 tributaries and 2019 Grand Lake) to create a modern terrain

(her

eafter referred to as

the 2019 terraino)

Hydraulic calibration of the circa-1940 data relied on land-use information because water level data
was not available from USGS gaging stations.

control
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Hydraulic calibration of the 2019 terrain used a combination of USGS gage station data, high water
marks, and GRDA water level monitoring data. Six events were modeled, and flow roughness factors
were adjusted to improve hydraulic calibration. The final model calibration showed good agreement
with field measurements. A comparison of USGS WSE records (US Geological Survey, 2021a) (US
Geological Survey, 2021b) (US Geological Survey, 2021c) (US Geological Survey, 2021d) (US
Geological Survey, 2021e) (US Geological Survey, 2021f) (US Geological Survey, 2021f) and model
results are shown in Figure 3.3.1.7.5-1.

Figure 3.3.1.7.5-1 Overprediction and Underprediction of Simulated WSE at USGS Gages
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It should be emphasized that several of the datasets used in developing the model come with
significant uncertainty. Specifically, the circa-1940 data are based on low-resolution scans of the
original contour maps and un-georeferenced cross-sectional survey information. There are also
guestions about the 2009 OWRB survey of Grand Lake as discussed in Section 2.1.1 of the
Sedimentation Study Report (Appendix E-8). The calibration is only as good as the accuracy of
those datasets; while they are imperfect, they are also the best available data.

Sediment calibration used the circa-1940 terrain as the starting point and ran simulations from
October 1942 at the beginning of continuous daily records for the Project water levels until 2019.
Sediment properties and loading rates were determined through the analyses described above.
Deposition calibration volumes were derived from changes between measured circa-1940 cross
sections and more modern geometry. Validation volumes were collected using the same method.

The model predicted sediment deposition throughout the study area, and results were compared to
measured changes. Statistical analyses including the Nash-Sutcliffe Efficiency (NSE), Percent Bias
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(PBIAS), and RMSE-Observations Standard Deviation Ratio (RSR) were used following the
methodology of (Moriasi, D.N, et. al., 2007) to evaluate model predictions. The model was calibrated
and validated according to Table 3.3.1.7.5-1 and Figure 3.3.1.7.5-2.

Table 3.3.1.7.5-1 Model Reaches and Available Survey Data for STM Development

Reach Starting Survey Calibration Survey | Validation Survey
Upper (above RM 120.1) Circa-1940 USACE Circa-1998 REAS 2017 USGS
Lower (RM 120.11 RM 100) | Circa-1940 USACE 2009 OWRB 2019 USGS
Elk River (above RM 5.47) Circa-1940 USACE 2017 USGS N/A
Reservoir (below RM 100) Circa-1940 USACE 2009 OWRB* 2019 USGS

*2009 OWRB data were not used for long-term analysis downstream of RM 100 (Section 2.1.1.5.1 of Sedimentation Study USR in
Appendix E-7). Sedimentation rates from 1940 to 2009 were implausibly different than those from 2009 to 2019, so an
assessment of deposition from 1940 to 2019 was used instead.

Figure 3.3.1.7.5-2 Modeled Reaches Used for Calibration and Validation by Available Survey Data (All Starting
Geometry was Based on Circa-1940 Data)
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Model results on the Neosho River were generally reasonable. The model overpredicted deposition
on the downstream face of the delta feature, below RM 105, where the system becomes lacustrine
and cohesive material plays a major role in deposition. Uncertainty in the RM 130.01 topographic
data led to significant uncertainty in the measured deposition at that location (Figure 3.3.1.7.5-3).
Excluding those cross sections, the model performed adequately on the Neosho River (Table

3.3.1.7.5-2).

Figure 3.3.1.7.5-3 Neosho River Volume Change from Circa 1940
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Table 3.3.1.7.5-2 Statistical Calibration Evaluation Parameters of STM on the Neosho River

104.18, 100.82

Reach NSE (Target: > 0.5) | PBIAS (|Target|: <0.55) | RSR (Target: < 0.70)
All Locations -0.94 0.19 0.69
Excluding RM 130.01, 0.95 0.01 0.92

The model did not perform as well on the Spring River and EIk River. This is largely due to the
difficulty georeferencing the circa-1940 surveyed cross sections on these streams. The information
available for the Neosho River included measurements on and near bridges, making it easy to locate
those sections; the Spring River and Elk River cross sections did not offer such reference points and

as a result are less reliable.

Validation results for each river were comparable to the calibration data. More detailed information
regarding calibration and validation of the STM is available in Section 6.2.2 of the Sedimentation
Study Report (Appendix E-8).
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Calibration was also evaluated using the average channel and average section profiles of the
datasets. These are similar to thalweg profiles but use the entire dataset for analysis, rather than a
single point, and, therefore, offer a more complete picture of model performance. The Neosho River
results showed a mean error of -1.2 feet in the channel (Figure 3.3.1.7.5-4) and -1.8 feet in the
average section (Figure 3.3.1.7.5-5). Given the original 5-foot contour maps the starting data was
based on, this is a good result.

Figure 3.3.1.7.5-4 Neosho River Comparison of Measured and Modeled Average Channel Profiles
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Figure 3.3.1.7.5-5 Neosho River Comparison of Measured and Modeled Average Section Profiles
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Future Predictions
The STM was then used to evaluate future sediment deposition in the study area. This included a
sensitivity analysis for sediment loading, as well as analysis of the impact of Project operations.

Initial comparisons were between predicted bed geometries from the simulations. Figure 3.3.1.7.5-6
shows the difference in average channel profiles between the current geometry (2019), High
Sedimentation, and Low Sedimentation modeling. Most deposition occurs downstream of RM 109,
meaning there is little growth to the vertical height of the delta feature.

Figure 3.3.1.7.5-6 Neosho River Average Channel Showing Predicted Effects of Sediment Loading
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The comparison between Project operations scenarios (Figure 3.3.1.7.5-7) showed similar results.
The differences between average channels are more sensitive to sediment loading than to Project
operations. The mean difference between High Sedimentation and Low Sedimentation is 0.47 foot,
while the mean difference between Baseline Operations and Anticipated Operations is 0.24 feet
below RM 115.35 (crest of delta feature). Sediment loading scenarios differ by 2.09 feet, and Project
operations differ by only 0.45 feet, indicating sediment loading, which is not controlled by GRDA, has
approximately 3.76 times the impact of Project operations.
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Figure 3.3.1.7.5-7 Neosho River Average Channel Showing Predicted Effects of Operations

760
al|= 5 =
e - G
2 | E 3
T | — = \
750 | |3 <
= 3
& o
o
-
=
I

~
=N
o

Elevation (ft PD)
~
w
o

720 ¥
710 g ol |8 8
700 =] 3 lo <
99 109 119 129 139 149 159
River Mile
—2019 Baseline Ops ——Anticipated Ops ——Landmarks

Future scenarios were based on a randomization of the inflow hydrology and coordination with the
OM to predict future water levels at Pensacola Dam. Because analysis of the historical record did not
indicate significant trends in discharge, the record was simply randomized with no adjustment. The
basic process was as follows:

f
f

The initial stage-storage curve was extracted from the 2019 HEC-RAS terrain.

This initial curve with the synthetic hydrographs was run in the OM to determine the downstream
WSE hydrograph. STM was then run with the downstream WSE boundary computed by the OM.
Upon completion of the HEC-RAS sediment simulation, the resulting geometry was processed
and stage-storage upstream of RM 100 was extracted from the model. This method does not
provide information about the impacts on storage downstream of the model domain. Adjustments to
account for the loss of storage below RM 100 are provided below.

The OM was re-run with a dynamic stage-storage curve based on a temporal linear interpolation
between the starting 2019 curve and the curve output from Step 3.

The STM was then re-run with the downstream WSE boundary computed by the second storage-
interpolated iteration of the OM. The stage-storage output from this second STM run was
compared to the initial output to determine if storage values changed significantly, which would
indicate the need for another iteration.
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To estimate stage-storage impacts on the downstream portion of the study area, the measured
historical vertical accumulation rate at the dam was projected forward in time to estimate the
minimum storage elevation at the dam. Table 3.3.1.7.5-3 provides the estimated minimum storage
elevation at the dam and total change in storage estimated from measured stage-storage curves (US
Army Corps of Engineers, 1941) (Smith S., et. al., 2017) for the various future conditions.

Table 3.3.1.7.5-3 Historical Stage-Storage Information Used to Develop Future Stage-Storage Curves
Downstream of RM 100

D, | P
1940 USACE 610.93 --

2019 USGS 621.04 319,473

2069 (Baseline Operations) 627.44 224,332

2069 (Anticipated Operations) 627.44 224,332

2069 (High Sedimentation) 627.44 269,258

2069 (Low Sedimentation) 627.44 179,505

Based on the change in storage between 1940 and 2019, the long-term sediment deposition at the
base of Pensacola Dam is approximately 0.13 foot per year. Projecting that rate into the future
provides an estimated low point of approximately 627.44 feet. Because dam operations depend on
storage changes, but not the specific location of sediment deposition near the dam, the low point is
relatively unimportant to overall storage volume change and was therefore held constant for all
predictive simulations.

To determine approximate storage volume change downstream of RM 100, the thalweg elevation at
RM 100 was used as a reference point (Figure 3.3.1.7.5-8). This elevation was 684.01 feet PD at the
time of the 2019 USGS survey.
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Figure 3.3.1.7.5-8 Schematic Representation of Neosho River Thalweg for lllustration Purposes
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All material deposited below elevation 684.01 feet PD was therefore necessarily deposited downstream
of RM 100. Material deposited upstream of RM 100 is modeled directly in the STM simulations. The
remaining volume was accounted for using trap efficiencies and relative sediment loading.

The volume of sediment entering, depositing in, and leaving the model domain in each simulation is
summarized in Table 3.3.1.7.5-4.

Table 3.3.1.7.5-4 Modeled Sediment Loading

Modeled Modeled Deposited Deposited Total Storage
. . Incoming Outgoing in Modeled Below Volume
Simulation Load Load Reach RM 100 Change
(acre-feet) (acre-feet) (acre-feet) (acre-feet) (acre-feet)
194212019 402,733 236,242 166,491 152,982 319,473
(measured)
(Basezlﬁéoéigfagﬁons) 280,481 | 173,978 | 106,503 | 117,882 224,385
_ 202012069 280,481 | 166,282 | 114,200 | 110,185 224,385
(Anticipated Operations)
(Hé%zggéﬁrggnt) 336,573 | 202,377 | 134,196 | 135062 269,258
(Lgv?/zgéji?:sm) 204382 | 127,682 96,700 82,806 179,506

Note: Values are approximated by converting to volume using a sediment density of 58 pounds per cubic foot.
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Total change in storage within the reservoir between 1940 and 2019 can be evaluated based on
published stage-storage curves from USACE and USGS. For this period, the total sediment inflow as
modeled was approximately 402,733 acre-feet, and total measured storage volume change was
approximately 319,473 acre-feet. This corresponds to a trap efficiency of approximately 0.8.

Trap efficiency of the entire system is not expected to change drastically from one simulation to the
next, so the same study-area-wide trap efficiency of 0.8 was used for all analyses. It should be noted
this may differ from trap efficiencies calculated by other methods; it relies on measured data and
model results to ensure consistency through the analysis. It is not the trap efficiency for the
unmodeled area alone; it includes deposition and erosion upstream of RM 100.

For the Baseline Operations and Anticipated Operations simulations, the total inflow volume of
sediment was identical and the expected trapping efficiency is the same. Therefore, the total
expected change in storage volume is also expected to match (Table 3.3.1.6.5-4).

Relative sediment loading rates were used to calculate the storage volume change in the lower left
gquadrant of the schematic in Figure 3.3.1.7.5-9. The volume lost in that quadrant between 1940 and
2019 was measured to be 69,926 acre-feet. Storage volume change was assumed to scale with
inflow volumes and adjusted accordingly (Table 3.3.1.7.5-5).

Table 3.3.1.7.5-5 Sediment Loading Compared to Storage Volume Change Below Elevation 684.01 feet PD and
Storage Total Volume Change Downstream of RM 100

Modeled Total Storage Change Total Storage Change
Simulation Incoming Load Below 684.01 feet PD Downstream of RM 100
(acre-feet) (acre-feet) (acre-feet)
19421 2019 402,733 69,926 --
(measured)
20201 2069
(Baseline Operations) 280,481 48,668 132,450
20201 2069
(Anticipated Operations) 280,481 48,668 123,926
(Hé?ng:ai?rggnt) 336,573 58,038 141,973
(st?/zgégi(r)r?é)nt) 224,382 38,949 87,389

Note: *Loss downstream of RM 100 includes both the upper and lower quadrants of Figure 3.3.1.7.5-8 and cannot be precisely
determined through available rating curves.

This storage volume change was applied to elevations below 684.01 feet PD at a rate proportional to
the additional storage volume increment at each elevation step.

Accounting for additional storage changes in the upper left quadrant of Figure 3.3.1.7.5-8 used a
similar approach. The difference between modeled deposition calculated by the method above was
assumed to have been in the upper left quadrant. It was assumed to also apply at a rate proportional
to the incremental change in storage volume at each elevation step.
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The change in total storage below 684.01 feet PD was assumed to be identical under Baseline
Operations and Anticipated Operations scenarios. There is no information to determine the exact
location of deposition downstream of RM 99.82, but the expected total change in volume is identical
between the scenarios as discussed above. No changes were made to storage change below 684.01
feet PD, but the expected storage change was accounted for when calculating deposition in the upper
left quadrant of Figure 3.3.1.7.5-8.

This resulted in the stage-storage curves for projected future bathymetry discussed below.

The STM was used to evaluate deposition for several scenarios. The first was a comparison between
operation effects, analyzing the differences between Baseline Operations and Anticipated Operations.
The next was done to help account for uncertainty associated with terrain and sediment loading
datasets and was a comparison of High Sedimentation and Low Sedimentation rates.

High Sedimentation and Low Sedimentation simulations used the results of the rating curves from
model calibration. However, analysis of sediment loading over time indicates future loading is expected
to be lower than in the past. Construction of John Redmond Dam upstream of Grand Lake, changes in
land use, and improved agricultural practices have all decreased sediment loading over time.

The High Sedimentation and Low Sedimentation scenarios increased and decreased sediment
loading by 20% from baseline, respectively. These relatively conservative values (i.e., they introduce
more sediment than would be expected for future loading £20%) should result in higher deposition
than would be predicted by current trends in sediment loading.

The results produced the following important findings:

1 Sediment tends to deposit primarily on the downstream face of the delta feature, which matches
expected patterns found in literature (Vanoni, V.A., 2006) and in the Quantitative Analysis in
Section 3.3.1.7.4.

9 Differences in sediment deposition due to changes in Project operations are generally smaller
than differences in deposition due to changes in sediment loading rates.

1D Upstream Hydraulic Model Evaluations

After simulations of future sediment loading, the final STM geometry was imported to a 1D Upstream
Hydraulic Model (1D UHM) for hydraulic analysis. This model is distinct from both the STM and the
Upstream Hydraulic Model (UHM) that was developed for the hydrologic and hydraulic study. The 1D
UHM was used to simulate the fully unsteady July 2007 (4-year) and synthetic 100-year flow events
with starting pool elevations of 740, 745, and 750 feet PD for a total of six simulations. The results
allow comparison of different sedimentation parameters on upstream water levels.

Comparisons were made between the current 2019 geometry and projected 2069 geometry under
Anticipated Operations. For the July 2007 event, the largest increase in WSE near Miami between
RM 133 and RM 137 occurs with a starting pool elevation of 740 or 745 feet PD. The maximum
increase (i.e., projected 2069 geometry results are higher than the current 2019 results) is upstream
of the Tar Creek confluence and is 0.11 foot (Figure 3.3.1.7.5-9).
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Figure 3.3.1.7.5-9 Changes in July 2007 Event WSE Due to 50 Years of Expected Sedimentation under
Anticipated Operations Compared to Existing Conditions from RM 130 to RM 140
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For the 100-year event, the largest increase in WSE near Miami occurs with a starting pool elevation
of 740 or 745 feet PD. This maximum increase is located upstream of the Tar Creek confluence and
is also 0.11 foot (Figure 3.3.1.7.5-10). This change is immaterial to urbanized areas despite 50 years

of sedimentation.

Figure 3.3.1.7.5-10 Changes in 100-Year Event WSE Due to 50 Years of Expected Sedimentation under
Anticipated Operations Compared to Existing Conditions from RM 130 to RM 140
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Comparisons between sediment loading scenarios showed similar results. For the July 2007 event,
the largest increase in WSE near Miami occurs with a starting pool elevation of 745 feet PD. The
maximum increase (i.e., the High Sedimentation results are higher than the Low Sedimentation
results) is near the abandoned railroad bridge and is 0.06 foot (Figure 3.3.1.7.5-11).

Figure 3.3.1.7.5-11 Changes in July 2007 Event WSE Due to 50 Years of Sedimentation under High and Low

Sedimentation Conditions from RM 130 to RM 140
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For the 100-year event, the largest increase in WSE near Miami occurs with a starting pool elevation
of 750 feet PD. This maximum increase is located upstream of the Tar Creek confluence and is 0.07
foot (Figure 3.3.1.7.5-12). This change is immaterial to urbanized areas, regardless of the range of

sediment loading evaluated.

Figure 3.3.1.7.5-12 Changes in 100-Year Event WSE Due to 50 Years of Sedimentation under High and Low

Sedimentation Conditions from RM 130 to RM 140
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Comparisons between Project operation scenarios showed similar results. For the July 2007 event,
the largest increase in WSE near Miami occurs with a starting pool elevation of 740 feet PD. The
maximum increase (i.e., the Anticipated Operations results are higher than the Baseline Operations
results) is near the Highway 69 Bridge and is 0.03 foot (Figure 3.3.1.7.5-13).

Figure 3.3.1.7.5-13 Changes in July 2007 Event WSE Due to 50 Years of Expected Sedimentation under
Anticipated and Baseline Operations Conditions from RM 130 to RM 140
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For the 100-year event, the largest increase in WSE near Miami occurs with a starting pool elevation
of 750 feet PD. This maximum increase is located upstream of the Tar Creek confluence and is 0.12
foot (Figure 3.3.1.7.5-14). This change is immaterial to urbanized areas, regardless of the range of
Project operations evaluated.

Figure 3.3.1.7.5-14 Changes in 100-Year Event WSE Due to 50 Years of Expected Sedimentation under
Anticipated and Baseline Operations Conditions from RM 130 to RM 140
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3.3.1.7.6  Delta Feature

Bathymetry information indicates the presence of a delta feature between Twin Bridges at approximately
RM 122 and the Elk River at RM 105. This is an area of historical deposition; comparisons of bed
elevations between the circa-1940 data and more recent surveys indicate there have been accretion
in this reach. Stakeholders indicated concern Project operations created the delta feature and the
deposit would continue to grow in height and increase flood risk in upstream communities.

This argument was based in part on the claim the delta feature had formed between the 1998 REAS
data collection and 2009 OWRB survey of Grand Lake. As covered in more detail in Section 2.2.1 of
the Sedimentation Study Report (Appendix E-8), that claim is not supported by the evidence. The
USACE REAS documentation showed there were no surveys below RM 120.1 on the Neosho River
(US Army Corps of Engineers, 1998) and the remaining portions of the data were based on unknown
data likely collected circa 1940. Therefore, the lack of a delta feature in that dataset does not
conclusively show a lack of a delta feature in 1998 (Figure 3.3.1.7.6-1).

Figure 3.3.1.7.6-1 Hydrographic Survey Limits for REAS

Source: (US Army Corps of Engineers, 1998)
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A range of factors influence the formation and evolution of the delta feature. Where steeper tributaries
join a stream, sediment is often deposited in the form of tributary bars as sediment transport capacity
drops in the shallower stream (Figure 3.3.1.7.6-2). There are also bedrock geologic features that flatten
the stream at this location, increasing the likelihood of sediment deposition. Constrictions such as bridges
and associated embankments create constrictions that cause backwater effects; these are worsened
with debris allowed to accumulate on the bridge piers and reduce flow capacity. This location also
features connections to wide floodplains that result in decreased flow velocities and increased deposition.

Figure 3.3.1.7.6-2 lllustration of Types of Bars that Occur in Alluvial Channels

Pool in Bendway

Middle Bar
Alternate Bor

PRO

FILE 2
Point Bar l Pool !Tributory Bar
SECTION I-I SECTION 2-2

Source: (Simons and Senturk, 1992)

Furthermore, the most recent surveys of the delta feature (Oklahoma Water Resources Board, 2009)
(US Geological Survey, 2019) show the delta feature has reached a dynamic equilibrium height
(Figure 3.3.1.7.6-3). This follows normal reservoir delta formation and evolution patterns as

documented in the scientific literature (Vanoni, V.A., 2006).

Figure 3.3.1.7.6-3 Historical Neosho River Thalweg Comparison
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Vibracore Sediment Dating

Two vibracore samples were sent for Cs-137 analysis to determine the approximate age of sediments
and evaluate potential deposition rates on the delta feature. These cores were taken from RM 112.34
to confirm and expand on a 2008 USGS study (Juracek, K.E. and M.F. Becker, 2009), which took

cores from various locations in Grand Lake (Figure 3.3.1.7.6-4).

Figure 3.3.1.7.6-4 Map Showing Locations of USGS and GRDA Core Samples Analyzed for Cs-137 Activity
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Cs-137 is a non-naturally occurring isotope. It is created as a byproduct of nuclear fission and was
first introduced to the atmosphere in approximately 1945. Ongoing nuclear testing increased Cs-137
concentration in the atmosphere until a nuclear test ban treaty in 1963, after which point Cs-137
concentrations have gradually decreased (Figure 3.3.1.7.6-5). In areas of continual deposition,
concentrations in the soil follow similar trends and the isotope can therefore be used to estimate the
date of deposition throughout a sediment column.

Figure 3.3.1.7.6-5 USGS Cesium Activity Results of Core Samples Taken from Delta Feature
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Note: Sample GL-1 does not have a typical peak in Cs-137 activity, indicating all deposition occurred after 1963. Sample GL-2 has the
well-defined Cs-137 activity peak (labeled) indicating continual deposition and allowing estimation of deposition rates.

Source: (Juracek and Becker, 2009)

G R D A 6 s137QGJating in the delta feature found similar results to a 2008 USGS study (Juracek, K.E.
and M.F. Becker, 2009) that suggested the delta feature is not continually depositional (Figure
3.3.1.7.6-6). The material in the top 10 feet of sediment was all deposited after 1963, indicating
cyclical erosion and deposition. As discussed by Juracek and Becker (2009), because it is relatively
shallow, the sediment can be disturbed by waves and natural high-flow events. This further confirms
the delta feature is behaving as a typical reservoir delta at dynamic equilibrium.
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Figure 3.3.1.7.6-6 Comparisons of Relative Cesium Activity Between USGS Core Sample GL-1 and GRDA
Samples 5.1-1 and 5.2-1
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sediment collected in the core was deposited after 1963.

This finding is consistent with literature regarding reservoir delta features (Fan, J. and G.L Morris,
1992) (US Army Corps of Engineers, 1995) (Huang, J, et. al,, 2006) (Vanoni, V.A., 2006). It is also
consistent with the findings of the Quantitative Analysis, which showed most sediment will be
deposited on the downstream face of the delta feature. Further, it is confirmed by the STM results,
which again indicate deposition will occur primarily on the downstream face of the delta feature. The
delta feature will not continue to grow appreciably, nor will future sedimentation have a significant
impact on upstream water levels.

Study results demonstrate sedimentation rates in Grand Lake and the associated tributaries are
dictated primarily by the future incoming sediment loads, rather than Project operations. The
differences in deposition rates and patterns for the Baseline Operations and Anticipated Operations
scenarios are smaller than the differences between the High Sedimentation and Low Sedimentation
scenarios. Furthermore, for all modeled scenarios, the sediment deposition follows typical reservoir
deposition patterns, with sedimentation largely occurring downstream of the existing delta feature,
rather than continuing to increase the delta feature crest elevation.

The City of Miami has claimed that Project operations will increase the delta feature size, thereby
raising water levels in Miami. To assess the impact of Project operations on the delta feature size and
upstream water levels, geometry from the predicted future sedimentation pattern was imported to the
1D UHM to evaluate flooding events and the effect on flooding in upstream reaches of the Neosho
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loading rates, not GRDA Project operations, produced the largest impacts to both storage volume
change and upstream water levels. Furthermore, the STM showed a majority of incoming material
depositing on the downstream face of the delta feature, as expected based on literature reviews,
typical delta feature evolution patterns, and the Quantitative Analysis.

1D UHM results were compared to determine relative impacts of 50 years of sediment accumulation

under expected loading, High Sedimentation versus Low Sedimentation rates, and Baseline

Operations versus Anticipated Operations. The results indicate that sediment loading, a natural
phenomenon outside GRDA®&s control, has the | argest
River, overshadowing any impacts caused by Project operations. Any impacts of the Project on water

levels in the City of Miami for all evaluations are immaterial. Project operations, sediment loading, and

future geometry show immaterial changes to water levels in the vicinity of the City of Miami. GRDA

does not control the volume of incoming sediment, and the simulations indicate that, much like the

findings of the H&H Study, natural processes dictate incoming sediment loads and therefore water

levels in the study area, not Project operations.

Bathymetry and Vibracore Sampling near Miami Low Head Dam

There is a low head dam at the Miami fairgrounds (approximately RM 135.25) on the Neosho River.
This structure was completed in 1923, meaning it has been in place for approximately 100 yearsd
and well in advance of the original construction of Pensacola Dam. During that time, it has served as
an obstacle to transport of coarse gravel and sand moving as bedload that cannot be readily lifted
over the structure and carried downstream. The City has continued to claim that coarse material is
moving downstream in significant quantities; if that were correct, the area immediately upstream of
the low head dam would be filled to approximately the elevation of the dam crest. Thus, to
substanti at e tGRBA plannedaddspermrimediameiditional field investigation in
November 2022 to determine whether course material has, in fact, filled the area immediately
upstream of the low head dam.

The fieldwork consisted of two primary components: a bathymetric survey and vibracore sampling.
Bathymetry data was collected with a sonar system using differential GPS to determine location.
Vibracore sampling followed similar procedures to those in the previous effort described above.

Bathymetry data showed that the dam protrudes approximately 6 feet above the bed of the
surrounding stream (Figure 3.3.1.7.6-7). After nearly 100 years of sediment transport through this
area, the dam continues to protrude above the surrounding bed, indicating that there is not significant
bedload transport. If there were, that coarse material traveling along the bed would be trapped
upstream of the structure, creating an upstream channel elevation equal to the dam crest. Instead,
there is a noticeable difference in elevation between the stream channel and the dam, which means
that there is only limited, if any, bedload sediment transport in this area.
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Figure 3.3.1.7.6-7 Bathymetry Map of the Surveyed Area near the Miami Low Head Dam

@ Sediment Cores
—Conlours

Bed Elevation (ft NAVD 88)
<734

734 .735

735738

736 - 737

737 -738

Em738-739

739 -740

E2740 - 741

£3741-742

Seven locations were selected for vibracore sampling (Figure 3.3.1.7.6-7). These locations were
selected to provide data from across the channel and at multiple depths. At each location, a 3-inch
diameter vibracore was driven to refusal. Two of the seven recovered no sediment and had a depth to
refusal of 0.0 feet. The remaining five samples collected 0.67 foot of sediment or less (Table 3.3.1.7.6-1).

Grand River Dam Authority E - 69 Revised July 2024
© Copyright 2024 Grand River Dam Authority



Pensacola Hydroelectric Project

FERC Project No. 1494

Final License Application i Revised Exhibit E

Environmental Analysis

Table 3.3.1.7.6-1 Vibracore Sampling Depths and Core Lengths

Core ID | Depth (ft) | Core Length (ft)
Core 1l 7.6 0.00
Core 2 5.7 0.62
Core 3 4.5 0.37
Core 4 5.67 0.56
Core 5 6.25 0.50
Core 6 10.25 0.00
Core 7 7.33 0.67

Four of the recovered samples consisted of coarse material, with several showing signs of natural
armoring (Figure 3.3.1.7.6-8). Core 7 consisted of finer sediments. The armoring of the bed is an
expected natural process that increases resistance to bedload transport. This phenomenon has been
described by Bunte and Abt (2001) and happens because a stream is able to transport fine sediments
further downstream, leaving behind only coarser material. Sediment below the surface is protected by
overlying layers, and as the smaller sediment is winnowed away by streamflow, the coarse armor
layer is all that remains (Bunte & Abt, 2001).

Figure 3.3.1.7.6-8 Sample Image of Core 4 Showing Natural Armor Layer at Bed Surface and Finer Material Below
. -

Grand River Dam Authority

E-70
© Copyright 2024 Grand River Dam Authority

Revised July 2024



Pensacola Hydroelectric Project Final License Application i Revised Exhibit E
FERC Project No. 1494 Environmental Analysis

3.3.1.8 Contaminated Sediments

3.3.1.8.1  Sources of Contamination

The Tri-State Mining District (TSMD) encompasses an area of approximately 2,500 square miles that
was extensively mined for lead and zinc from 1850 to 1950. The TSMD has a total of four superfund
sites spanning Kansas, Missouri, and Oklahoma. In particular, Tar Creek and the Tar Creek
Superfund site are located in the towns of Pitcher and Cardin, Oklahoma. The Tar Creek Superfund
site, formerly known as the Picher Mining District, is a 40 square mile area within the TSMD that was
highly productive. Cessation of mining operations in the mid-20th century left behind tailing piles and
cavernous subterranean mines which have leached cadmium (Cd), lead (Pb), zinc (Zn), and other
metals into nearby groundwater, streams, and rivers including Tar Creek and its tributaries (Andrews,
W.J., et. al., 2009).%¢

The leachate and dust from the Tar Creek Superfund site transports metals into the Project. In
addition, similar leaching processes occur at other TSMD mining sites located in the Spring River
watershed, which transport metals into the Project via the Spring River. Although other metals such
as iron, aluminum, and manganese are byproducts of mining process; these metals are also likely
present from naturally occurring sources of local soils and bedrock such as clays or shales (Andrews,
W.J., et. al., 2009).

The Tar Creek Superfund Site and other Superfund Sites within the TSMD have been thoroughly
documented and the potentially responsible parties have been identified by the EPA. GRDA is not
identified as a potentially responsible party.

3.3.1.8.2 Downstream Transport of Contamination

Cadmium can easily attach to sediments and become sequestered in those sediments upstream of
the Project. Cd also has a high propensity to dissolve rather than precipitate. Both properties of Cd
are the reason for the lack of detectable Cd in downstream sediments within the Project (Andrews,
W.J., et. al., 2009).

Lead and zinc both oxidize readily and precipitate as oxides. Insoluble Pb oxides, carbonates,
sulfides and Zn oxides, hydroxides, and hydroxycarbonate minerals all have great tendencies to
adsorb onto organic or inorganic sediment surfaces (Andrews, W.J., et. al., 2009). If these sediment
particles are small (i.e., silts and clays) as commonly identified by GRDA in recent sampling, they
may be sequestered upstream of the Project, be passed from upstream into the Project in
suspension, and accumulate in the Project or be passed through the Project downstream of
Pensacola Dam.

An EPA Phase 1 Diagnostic-Feasibility Study showed sediments have a longitudinal decrease in Cd,
Pb, and Zn concentrations from the Neosho-Spring confluence to the Pensacola Dam (OWRB and
0OSU, 1995). Temporally, the USGS found depositional profiles for Pb and Zn peaked in the 1980s,
which could be attributed to a number of interacting factors such as historical mining activities, mine
drainage, remediation, landscape stabilization, precipitation and associated runoff, and the erosion

% Pparts of Tar Creek also flowed into collapses and increased the flow of water through the mine workings (Andrews et.al., 2009).
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and transport of contaminated and clean sediments within the Grand Lake Basin (Juracek, K.E. and
M.F. Becker, 2009).

3.3.2 Environmental Effects

In SD1 and SD2, the Commission identified the following issues related to geology and soils: (1) the
effects of Project operation and maintenance on soil erosion and shoreline erosion; and (2) the effects of
Project operations on sedimentation, including the transport and subsequent deposition of potentially
contaminated sediment.

3.3.2.1 Effects of Project Operation and Maintenance on Erosion

Under the baseline operation (under the pre-2015 rule curve), GRDA implements an approved SMP to
manage activities within the Project boundary for protection and maintenance of shoreline conditions.?’

The plans focus on maintaining vegetated shorelines to help stabilize and control the potential effects of
erosion. Shoreline protection measures have also been approved in several developed areas of the
reservoir. Continued implementation of the plans will ensure erosion of Project lands resulting from
authorized uses is prevented or minimized. The SMP is discussed in more detail in Section 3.9.

GRDA has a SMP that provides a comprehensive management system to ensure the reservoir and

shoreline are managed in a manner consistent with |icel
environmental, public recreation, cultural, and scenic values. The SMP sets minimum standards for

activities and improvements along the Project shoreline to minimize or avoid erosion from ground

disturbing or vegetation management activities authorized on Project lands.

GRDA plans to continue the implementation of the SMP under the anticipated operation of the Project.
Therefore, there are no differences between the baseline operation (under the pre-2015 rule curve) and
the anticipated operation of the Project regarding erosion of the shoreline managed through the SMP.

In addition, the Comprehensive Hydraulic Model (CHM) Study evaluated a variety of inflow events with a
range of starting pool elevations at Pensacola Dam in order to evaluate the maximum water surface
elevations, extent of inundation and duration of inundation both upstream and downstream of the dam.
The study results indicate anticipated operation (without a rule curve) have an immaterial impact on water
surface elevations and inundation when compared to baseline operation (under the pre-2015 rule curve).
The study has demonstrated the influence of the natural process is so great that any impact of the
anticipated operation (without a rule curve) on erosion in the Project vicinity is negligible. The CHM is
discussed in more detail in Section 3.4. Since neither the baseline operation (under the pre-2015 rule
curve) of continuing with the current operation (under the current post-2015 rule curve) of the Project
under the current license nor the anticipated operation of the Project have a material effect on any
erosion due to reservoir elevation during high inflow conditions, from a reservoir elevation operation
standpoint, there are no differences between the baseline operation (under the pre-2015 rule curve) and
the anticipated operation of the Project.

27 The VMP is the portion of the SMP that addresses vegetation management activities.
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3.3.2.2 Effects of Project Operation on Sedimentation?®

Sedimentation and associated impacts to water levels are not driven by Project operations. This finding is
consistent with that of the H&H Study, which demonstrated that Project operations have limited ability to
dictate WSE upstream of Pensacola Dam. GRDA has no control over the incoming sediment loads and
adjusting Project operations does not have a meaningful impact on sediment depositional patterns.
Impacts of future sedimentation are the result of incoming material, not Project operations. Therefore,
there are no differences between the baseline operation (under the pre-2015 rule curve) and the
anticipated operation of the Project.

The Sedimentation Study has shown that sediment moving through the system consists of fine, cohesive
material. It has also evaluated a range of datasets for stream bathymetry and overland topography in the
study area and concluded significant portions of the 1998 REAS data are unreliable, and the circa-1940
data are limited. To bound the uncertainties of the available datasets, multiple sediment transport
simulations were performed, and the study showed that natural processes, not Project operations,
dictates the rate of sedimentation in Grand Lake. Any material impacts to upstream WSE during large
flow events are the result of sediment loading, which GRDA does not control. Furthermore, when the water
level in Grand Lake is above 745 feet PD or expected to rise beyond that level, USACE assumes exclusive
jurisdiction over Project operations and dictates operation of the reservoir to mitigate downstream flooding,
and most (75.6%) of the sediment is delivered to the reservoir under exactly these conditions.

3.3.2.3 Effects of the Project Operation on Contaminated Sediment

GRDA extensively studied sediment transport in the approved study plan, including the development of a
Sediment Transport Model. The STM found that Project operations do not materially affect sediment
transport, whether over bank or otherwise. Project operations have limited ability to dictate water surface
elevations upstream of Pensacola Dam. GRDA has no control over incoming sediment loads. Sediment
depositional patterns would not be meaningfully impacted by adjusting Project operations. Future
sedimentation impacts will be the result of the incoming supply of material; future anticipated Project
operations will not impact sedimentation.

G R D A énticipated operations (without a rule curve) do not have an effect on upstream water levels or
the transport of contaminated sediment. Moreover, GRDA is not responsible for the presence of the
heavy metals in the TSMD upstream of the Project. Therefore, there are no differences between the
baseline operation (under the pre-2015 rule curve) and the anticipated operation of the Project.

3.3.3 Cumulative Effects

The proposed actioninthiscased FERC6s i ssuance ofoisamotlikelctehavee t o GRDA
significant effects on geology and soils but may result in cumulative effects on geology and soils when

considered in the context of a variety of other activities in the Project area unrelated to the Project,

including urban and suburban development and agricultural operations 66 miles upstream of the

Pensacola Dam and 30 miles downstream to the Markham Ferry Project.

28 GRDA is in the process of addressing the study modifications outlined in the study determination dated March 14, 2023. The
results will be available by July 24, 2023.
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When compared to baseline operation (underthepre-2 015 rul e curve), GRDAO&s antici
operation (without a rule curve) would not have a significant impact on water surface elevation and, thus,

effects on geology and soils resulting from reservoir elevation fluctuation (Section 3.4, CHM Study).

However, GRDAO&s ant i ci(wthouta dule urve),jwben tonsagredindhe context of

other activities that occur in the Project area, including urban and suburban development, agricultural

operations, and infrastructure improvements, may contribute to effects on geology and soils.

In this case, the cumulative effect of the proposed action and other activities in the Project area may
result in increased erosion, which may in turn result in increased sedimentation and turbidity and have the
potential to transport and deposit contaminated soils and sediments. These contaminated sediments
could have deleterious effects on water quality and fisheries, including potential effects on spawning. As
set forth in Section 3.3.1.8.1, EPA has jurisdiction over the Tar Creek Superfund Site and other
Superfund sites within the Project area that have been identified by stakeholders. These sites have been
thoroughly documented and the potentially responsible parties have been identified by EPA. FERC has
previously acknowledged GRDA bears no responsibility.

Nevertheless, GRDA plans to continue to implement its existing SMP, which provides a comprehensive

shoreline management program and is included as Appendix E-28 of this FLA. As part of this relicensing

process, GRDA has wupdated its SMP to incorporate addit
environmental, public recreation, cultural, and scenic values, including provisions to address vegetation

management, wetland impacts, and wildlife habitat impacts, as described in Section 3.9. The SMP, as

updated, establishes a system to keep the Project shoreline stable along with ensuring the reservoir and

shoreline are managed in a manner consistent with license requirements. The SMP also sets minimum

standards for activities and improvements along the Project shoreline to minimize or avoid erosion from

ground disturbing or vegetation management activities authorized on Project lands.

Consistent with its SMP, GRDA plans to continue its process of issuing authorizations for activities on its
shorelines owned in fee, to ensure such activities do not result in additional soil erosion.

3.3.4 Proposed Environmental Measures

GRDA is proposing to continue implementation of an updated SMP to minimize or eliminate erosion or
sedimentation impacts from authorized shoreline activities. No additional or new environmental measures
related to geology and soil resources are proposed at this time.

3.3.5 Unavoidable Adverse Impacts

With the implementation of the proposed environmental measures discussed above, continued operation
of the Project is not expected to adversely affect geology and soil resources under either the baseline
operation (under the pre-2015 rule curve) o r G R Bnficipated operation (without a rule curve) proposal.
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3.4 Water Resources
3.4.1 Affected Environment
3.4.1.1 Water Quantity

3.4.1.1.1 Existing Uses of Project Waters

The powerhouse has six main hydroelectric units with Francis-style hydraulic turbines and associated
generators. The six hydroelectric units have an as-built turbine head of 117.5 feet. One additional
hydroelectric unit, the house unit, has an as-built turbine head of 115 feet.2®

Each of the six turbines has a nameplate capacity of 17,446 kW (23,395 hp) at a nameplate flow of
1,950 cfs. Each turbine operates at 150 rpm and the normal maximum flow for each turbine is 2,317
cfs (Grand River Dam Authority, 2004a). The house turbine, which operates at 720 rpm, has a name
plate capacity of 500 kW (666 hp).3° The combined generation capacity of all turbines is 105.176 MW.31

Each of the six main generating units has a generator nameplate rating of 21.60 MW and 24 MVA at
90% nameplate power factor. The generators are Westinghouse A/C, 60-cycle models generating at
13.8 kV.

The 500-kW house unit generator has a nameplate rating of 500 kW and 625 kVA at 80% nameplate
power factor. The generator is a Westinghouse A/C, 60-cycle model which operates at 480 volts.

Based on the 2019 bathymetric survey of Grand Lake performed by the USGS, the Project reservoir
encompasses 41,581 acres with a gross storage capacity of 1,307,289 acre-feet at a reservoir
elevation of 742 feet PD (the bottom of the anticipated operating range). At a reservoir elevation of
745 feet PD, the reservoir encompasses 45,056 acres with a gross storage capacity of 1,437,348 acre-
feet. The useable storage capacity of the Pensacola Project within the range of 742 to 745 feet PD is
therefore 130,059 acre-feet (Hunter, S.L, et. al., 2020). The bathymetric map is in Appendix E-9.

Grand Lake is a drinking water source and is used by approximately 21,000 residential households
and 500 commercial customers. In addition, GRDA issues yearly permits for domestic and agricultural
water use (Grand River Dam Authority, 2017a).

3.4.1.1.2 Proposed Uses of Project Waters

GRDA will continue to use Project waters for multiple purposes under the new license including

hydropower generation, water supply, public recreation, and wildlife habitat. Instead of managing the

Project to target a speci faitigpdtedopesmton (withbut aerdlesccomae)t i on, GRI
may fluctuate reservoir levels within the elevational range of 742 to 745 feet PD for purposes of

responding to grid demands, market conditions, and the public interest, such as environmental and
recreational c 0 n sanhtidigatedhopdratiam withou® &rilléAcdirge) are described in

more detail in Section 2.2.

2 The house unit is currently inoperable and scheduled to return to service in 2025.
30 Horsepower is calculated from watts: 750 watts equals 1 hp.
31 Qutput is turbine-limited for the six main units.
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3.4.1.1.3 Hydrology and Streamflow

Inflow to the Pensacola Project comes mainly from three rivers which are tributaries to Grand Lake
and include the Neosho River, Spring River, and Elk River. Flow data for the Neosho River is
recorded by USGS surface water gaging station No. 07185000 and includes a drainage area of 5,926
square miles (US Geological Survey, 2022a). Flow data for the Spring River is recorded by USGS
surface water gaging station No. 07188000 and includes a drainage area of 2,516 square miles (US
Geological Survey, 2022b). Flow data for the Elk River is recorded by USGS surface water gaging
station No. 07189000 and includes a drainage area of 851 square miles (US Geological Survey,
2022c). The drainage area at Pensacola Dam is 10,345 square miles (US Geological Survey, 2022).
Mean daily flow data was retrieved for the period of record from January 1, 1965 to December 31,
2021 for each river and the flows were combined to determine the total tributary flows and adjusted
for the drainage area at the Project. Daily mean flows were obtained only for dates after January 1,
1965, to account for completion of the upstream John Redmond Reservoir in 1964.

Mean monthly flows at the Pensacola Dam for the period of record are shown in Table 3.4.1.1.3-1.

Table 3.4.1.1.3-1 Mean Monthly Flows at Pensacola Project, 1965-2021

Month Mean M(c::rflé?ly Flow
January 5,077
February 6,079

March 10,009

April 10,897
May 13,783
June 11,980
July 6,904
August 3,386
September 4,197
October 5,051
November 6,438
December 5,611

Source: (US Geological Survey, 2022a), (US Geological Survey, 2022b), (US Geological Survey, 2022c)

3.4.1.2 Water Quality

3.4.1.2.1 Water Quality Standards

Okl ahomads water quality standards (OWQS) are publi st
785, Chapter 45 and consist of designation of beneficial uses, water quality criteria to protect the

designated uses, and antidegradation policies. The water quality criteria applicable to the Pensacola

Project are included in Table 3.4.1.2.1-1.

The beneficial uses designated for Grand Lake include public and private water supply, and fish and
wildlife propagation (FWP) as a warm water aquatic community (WWAC), agriculture irrigation, and
primary body contact recreation (Oklahoma Water Resources Board, n.d.a).
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Waters within the Project boundary are divided into four sections, each with a separate waterbody ID,
in regard to whether the waterbody is meeting the designated water quality standards. These include
Grand Lake Upper, Grand Lake Middle, Grand Lake Lower, and Grand River (Neosho River) below
Pensacola Dam. All three sections of Grand Lake are impaired for fish consumption due to the
presence of lead in fish tissue. In addition, Grand Lake Upper is impaired due to turbidity impacting
the warm water aquatic community, and Grand Lake Lower is impaired due to low DO impacting the
warm water aquatic community. Grand River (Neosho River) below Pensacola Dam is listed as
impaired due to low DO impacting the warm water aquatic community and is listed for fish
consumption (Oklahoma Department of Environmnetal Quality, 2022).

Table 3.4.1.2.1-1 Water Quality Criteria Applicable to the Pensacola Project

Parameter

Narrative/Numeric Criteria

Temperature

At no time shall heat be added to any surface water in excess of the amount that
will raise the receiving water temperature more than 2.8 degrees Celsius (°C)
outside the mixing zone.

pH

The pH values shall be between 6.5 and 9.0 in waters designated for fish and
wildlife propagation; unless pH values outside that range are due to natural
conditions.

DO

Except for naturally occurring conditions, dissolved oxygen criteria are set forth in
Table 1 of Appendix G of this Chapter.32

Additionally:

For streams, no more than two DO samples shall exhibit a DO concentration of less
than 2.0 mg/L in any given year.

For lakes, no more than 50% of the water volume shall exhibit a DO concentration
less than 2.0 mg/L. If no volumetric data is available, then no more than 70% of the
water column at any given sample site shall exhibit a DO concentration less than 2.0
mg/L. If a lake specific study including historical analysis demonstrates a different
percent volume or percent water column than described above is protective of the
WWAC use, then that lake specific result takes precedence.

Bacteria

(a) Primary Body Contact Recreation involves direct body contact with the water

where a possibility of ingestion exists. In these cases, the water shall not contain
chemical, physical, or biological substances in concentrations that are irritating to
skin or sense organs, or are toxic or cause illness upon ingestion by humans.

(b) In waters designated for Primary Body Contact Recreation, the following limits
for bacteria set forth in (c) of this section shall apply only during the recreation
period of May 1 to September 30. The criteria for Secondary Body Contact
Recreation will apply during the remainder of the year.

(c) Compliance with 785:45-5-16 shall be based upon meeting the requirements of
one of the options specified in (1) or (2) of this subsection (c) for bacteria. Upon
selection of one (1) group or test method, said method shall be used exclusively
over the time period prescribed therefore. Provided, where concurrent data exist for
multiple bacterial indicators on the same waterbody or waterbody segment, no
criteria exceedances shall be allowed for any indicator group.

Escherichia coli (E. coli): The E. coli geometric mean criterion is 126/100 milliliters
(mL). For swimming advisory and permitting purposes, E. coli shall not exceed a

32

Table 3.4.1.2.1-2 in this section includes 785:45 Table 1 of Appendix G information regarding warm water aquatic communities

that are applicable to the Pensacola Project.
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Parameter

Narrative/Numeric Criteria

monthly geometric mean of 126/100 mL based upon a minimum of not less than five
(5) samples collected over a period of not more than thirty (30) days. For swimming
advisory and permitting purposes, no sample shall exceed a 75% one-sided
confidence level of 235/100 mL in lakes and high use waterbodies and the 90%
one-sided confidence level of 406/100 mL in all other Primary Body Contact
beneficial use areas. These values are based upon all samples collected over the
recreation period. For purposes of Sections 303(d) and 305(b) of the Federal Clean
Water Act as amended, beneficial use support status shall be assessed using only
the geometric mean criterion of 126/100 mL compared to the geometric mean of all
samples collected over the recreation period.

Enterococci: The Enterococci geometric mean criterion is 33/100 mL. For swimming
advisory and permitting purposes, Enterococci shall not exceed a monthly
geometric mean of 33/100 mL based upon a minimum of not less than five (5)
samples collected over a period of not more than thirty (30) days. For swimming
advisory and permitting purposes, no sample shall exceed a 75% one-sided
confidence level of 61/100 mL in lakes and high use waterbodies and the 90% one-
sided confidence level of 108/100 mL in all other Primary Body Contact Recreation
beneficial use areas. These values are based upon all samples collected over the
recreation period. For purposes of Sections 303(d) and 305(b) of the federal Clean
Water Act, as amended, beneficial use support status shall be assessed using only
the geometric mean criterion of 33/100 mL compared to the geometric mean of all
samples collected over the recreation period.

(A) Aquatic life in all waterbodies with the beneficial use designation of Fish and
Wil dlife Propagation ( excl ueédandatga kweadt)e rss
exhibit degraded conditions as indicated by one or both of the following:
Comparative regional reference data from a station of reasonable similar watershed
size or flow, habitat type, and Fish and Wildlife beneficial use subcategory designation

Biological or by comparison with historical data from the waterbody being evaluated.
Criteria
(B) Compliance with the biological criteria to protect Fish and Wildlife Propagation
set forth in this paragraph shall be based upon measures including, but not limited
to, diversity similarity, community structure, species tolerance, trophic structure,
dominant species, indices of biotic integrity (IBI), indices of well- being (IWB), or
other measures.
(A) Turbidity from other than nature sources shall be restricted to not exceed the
following numerical limits:
Lakes: 25 Nephelometric Turbidity Units (NTU); and
other surface waters: 50 NTU.
o (B) In waters where the background turbidity exceeds these values, turbidity from
Turbidity point sources shall be restricted to not exceed ambient level.
(C) Numerical criteria listed in (A) of this paragraph apply only to seasonal base flow
conditions.
(D) Elevated turbidity levels may be expected during, and for several days after, a
runoff event.
_ Concentrations of loads of suspended or bedded sediments that are caused by
Sediments  |human activity shall not impair the Fish and Wildlife Propagation use or any

subcategory thereof.

Source: (Oklahoma Water Resources Board, n.d.b)
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Table 3.4.1.2.1-2 DO Criteria to Protect Fish and Wildlife Propagation for WWAC

: : Minimum DO Seasonal
Life Stage Dates Applicable Criteria (mg/L)® Temperatu
Early life stages April 1 to June 15 6.03%4 2535
Other life stages
1 Summer Conditions June 16 to October 15 5.031 32
1 Winter Conditions October 16 to March 31 5.0 18

Source: (Oklahoma Water Resources Board, n.d.b)

3.4.1.2.2 Existing Water Quality Conditions

Water quality in Grand Lake and the Project tailwater supports a healthy warm water fishery and is a
popular recreation area. Grand Lake is dendritic with numerous major and minor coves. It exhibits
longitudinal zonation including a riverine zone, transition zone, and lacustrine zone. Each zone
possesses unique physical, chemical, and biological characteristics. Grand Lake can be classified as a
warm monomictic lake with the water column mixing freely in the winter at or above 4°C while thermal
stratification occurs from mid-spring through mid-autumn. Grand Lake is classified as eutrophic based
on measurements of chlorophyll, water clarity, and phosphorus (Grand River Dam Authority, 2017a).

Water quality is largely flow dependent and changes depending on inflow from its major tributaries.
Ongoing water quality data collection in the Grand River watershed identified several water quality
stressors on Grand Lake. Major influences of water quality include nutrient runoff from nonpoint
sources (primarily agricultural), internal nutrient loading, point discharge from municipal and industrial
effluent, and runoff from acid mine drainage originating from abandoned mines within the TSMD
upstream of the Project boundary in the Spring River and Neosho River watersheds (Grand River
Dam Authority, 2017a).

3.4.1.2.3 Current Water Monitoring Data

GRDA has been monitoring water quality in Grand Lake from 1986 to 1992 and 2011 to the present.
The current monitoring program, which has been in place since 2013, includes both near-surface
sampling and water column profiles. GRDA collects water quality samples in Grand Lake at 15
sampling sites as shown in Figure 3.4.1.2.3-1. Samples are generally collected on a seasonal
schedule during autumn, winter, spring, and summer. The autumn monitoring period is defined by the
months of September, October, and November; winter period is defined by the months of December,
January, and February; spring period is defined by the months of March, April, and May, and summer
period is defined by the months of June, July, and August. Grab samples are collected within the top
one meter of the water column and sent to the lab for analysis. Water profile samples measure water
quality parameters in the field (Grand River Dam Authority, 2017a). Table 3.4.1.2.3-1 lists the water
quality variables measured at each site. Table 3.4.1.2.3-2 includes the measured parameters and
water quality monitoring results in Grand Lake from 2017 to 2021 collected by GRDA.

33

34

35

DO shall not exhibit concentrations less than the criteria magnitudes expressed above in greater than 10% of the samples as
assessed across all life stages and seasons.

Because of natural diurnal DO fluctuations, a 1.0 mg/L DO concentration deficit shall be allowed for not more than eight hours
during any twenty-four-hour period.

Discharge limits necessary to meet summer conditions will apply from June 1 of each year. However, where discharge limits
based on Early Life Stage (spring) conditions are more restrictive, those limits may be extended to July 1.
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Figure 3.4.1.2.3-1 Locations of Fifteen Sample Locations
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Although the water quality data shows evidence of stressors to Grand Lake, the current data
suggests the overall water quality has been stable to improving when compared to data from the late
1980s. Generally, Grand Lake water quality is comparable to that of other similar sized eutrophic
subtropical reservoirs (Grand River Dam Authority, 2017a).
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Table 3.4.1.2.3-1 Water Quality Variables Measured at Each of the Fifteen Sites

Variable Unit Depth
Temperature Celsius Full profile
Conductivity us/cm Full profile
pH standard unit Full profile
Turbidity NTU (depending on sonde) Full profile
Chl-a in situ3® micrograms per liter (ug/L) Full profile
DO mg/L Full profile
BGA-PC cells/mL Full profile
Laboratory Analytes/Grab Samples
Variable Unit Depth
Chl-a Mg/l im
I_I?éag)Suspended Solids mg/L 1m
Total Hardness mg/L im
Total Alkalinity mg/L im
Total Coliforms MPN/100mL im
E. coli MPN/100mL Im
Total Nitrogen (TN) mg/L im
Total Phosphorous (TP) mg/L im
Nitrate+Nitrite (NOx-N) mg/L im
Orthosphosphate (PO4-P) mg/L im
Ammonia (NHz) mg/L im
Secchi Depth feet Recorded for routine sampling

36 Not recommended for data analysis.
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Table 3.4.1.2.3-2 Results of Surface Water Quality Monitoring in Grand Lake from 2017-2021 (unless otherwise noted displayed as arithmetic mean + standard deviation)®’

Lower Middle Upper
Parameter (Sample Sites: PDAM, DREAM, DRIP, DROWN, DUCK, and TREE) (Sample Sites: HONEY, HORSE, SAIL, SHANG, and WOOD) (Sample Sites: ELK, GRAND, NEOSHO, and SPRING)
Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn
Secchi 1.32+0.55 1.02+0.44 1.24 £ 0.59 1.39+0.54 0.98 + 0.45 0.80 + 0.34 0.99+0.37 0.96 + 0.31 0.92 + 0.47 0.52+0.31 0.67 £ 0.27 0.57+0.21
™) Max: 2.51 Max: 1.81 Max: 2.96 Max: 2.4 Max: 2.08 Max: 1.54 Max: 2.13 Max: 1.62 Max: 1.61 Max: 1.26 Max: 1.3 Max: 0.86
Min: 0.5 Min: 0.31 Min: 0.25 Min: 0.45 Min: 0.16 Min: 0.22 Min: 0.3 Min: 0.3 Min: 0.1 Min: 0.18 Min: 0.25 Min: 0.28
TsS 437 +2.37 9.54 +9.97 6.16 + 4.93 4.2+ 1.69 10.04 + 14.12 12.65 + 8.15 7.61+5.01 6.74 £ 2.17 26.35+ 48.24 22.52 + 15.80 14.51 + 9.51 26.50 + 26.83
(mglL) Max:21.3 Max: 53.26 Max:35.0 Max: 8.44 Max: 78.67 Max: 47.06 Max: 39.17 Max: 52.38 Max: 197.65 Max: 51.3 Max: 85.45 Max: 226.26
Min:1.0 Min: 1.00 Min: 1.40 Min: .80 Min: 1.38 Min:3.57 Min: 1.70 Min: 0.00 Min: 4.0 Min: 1.80 Min: 3.56 Min: 0.00
Hardness 128.22 + 9.96 119.58 £ 27.98 | 103.56 + 14.23 110.95 + 6.25 130.66 = 14.74 119.65 + 35.17 109.54 + 19.1 113.63 £ 7.43 158.41 + 40.36 132.02 £ 34.28 | 129.76 + 28.83 120 + 15.14
(mg/L) Max: 151.6 Max: 159.2 Max: 151.6 Max: 154.0 Max: 176.4 Max: 217.0 Max: 168.0 Max: 145.6 Max: 228.4 Max: 195.2 Max: 194.4 Max: 174.8
Min: 64.8 Min: 54.8 Min: 70.0 Min: 95.6 Min: 73.6 Min: 52.0 Min: 9.8 Min: 104.8 Min: 104.4 Min: 64.8 Min: 71.2 Min: 99.2
Alkalinity 100.52 + 11.87 93.35+ 21.98 85.77 + 11.98 93.02 + 8.83 101.98 + 12.81 95.53 + 23.69 88.77 + 14.71 94.38 + 9.5 127.33 £ 28.73 106.5 + 28.36 107.2 + 20.52 107.94 + 16.02
(mglL) Max: 126.4 Max: 133.6 Max: 133.2 Max: 141.6 Max: 131.6 Max: 146.0 Max: 141.6 Max: 133.2 Max: 152.0 Max: 166.0 Max: 160.0 Max: 152.4
Min: 48.4 Min: 49.2 Min: 56.8 Min: 79.6 Min: 60.4 Min: 50.4 Min: 60.0 Min: 81.2 Min: 68.0 Min: 67.6 Min: 62.8 Min: 79.6
™ 1.12+0.48 1.40 £ 0.46 0.66 = 0.47 0.94+1.72 1.09 £ 0.58 147 £0.49 0.64 +0.40 0.69 + 0.43 1.75 £ 0.65 1.65 £ 0.52 0.90 £ 0.43 1.15+0.58
(mg/L) Max: 1.9 Max: 2.15 Max: 4.21 Max: 1.44 Max: 2.23 Max: 2.42 Max: 1.72 Max: 1.91 Max: 3.25 Max: 2.92 Max:2.22 Max: 2.72
Min: 0.53 Min: 0.67 Min: <0.01 Min: 0.11 Min: 0.52 Min: <0.01 Min: 0.22 Min: <0.01 Min: 1.04 Min: 1.2 Min: 0.22 Min: 0.63
NHs 0.05 + 0.04 0.06 + 0.06 0.05 + 0.08 0.03 £ 0.02 0.06 + 0.04 0.07 + 0.06 0.03 £ 0.02 0.04 + 0.03 0.07 + 0.07 0.09 + 0.06 0.06 + 0.15 0.08 + 0.04
(mg/L) Max: 0.15 Max: 0.19 Max: 0.91 Max: 0.14 Max: 0.19 Max: 0.24 Max: 0.24 Max: 0.41 Max: 0.25 Max: 0.39 Max: 1.02 Max: 0.22
Min: <0.01 Min: 1.00 Min: 1.4 Min: 0.80 Min: <0.01 Min: 3.57 Min: 1.70 Min: <0.01 Min: <0.01 Min: <0.01 Min; <0.01 Min: <0.01
NOX-N 0.85 + 0.46 1.20+0.25 0.28 +0.27 0.44 +0.40 0.94 + 0.58 1.18+0.34 0.29+0.28 0.53 +0.57 1.63+0.75 1.36 £ 0.42 0.42 +0.39 0.96 +1.17
(mg/L) Max: 1.56 Max: 1.62 Max: 1.69 Max: 1.26 Max: 1.94 Max: 1.96 Max: 1.24 Max: 1.8 Max: 3.3 Max: 3.43 Max: 2.47 Max: 2.89
Min: 0.06 Min: 0.04 Min: <0.01 Min: <0.01 Min: 0.01 Min: 0.17 Min: <0.01 Min: <0.01 Min: 0.21 Min: 0.3 Min: <0.01 Min: 0.01
P 0.14 +0.08 0.13+0.07 0.26 £ 1.21 0.16 + 0.27 0.14 + 0.07 0.21 +0.39 0.08 + 0.05 0.12+0.21 0.17 +0.11 0.22+0.13 0.10 + 0.05 0.13+0.08
(mg/L) Mr_;\x: 0.41 Mr_;\x: 0.33 Max:0.97 M.’?\x: 0.25 ng: 0.32 ng: 0.39 M?XZ 0.31 ng: 0.26 ng: 0.33 M?.XZ 0.44 M?.XZ 0.54 ng: 0.32
Min: 0.06 Min: 0.01 Min: <0.01 Min: 0.02 Min: 0.05 Min: 0.44 Min: 0.01 Min: 0.05 Min: 0.02 Min: 0.02 Min: 0.02 Min: 0.04
POs 0.08 + 0.03 0.06 + 0.04 0.09 £ 0.19 0.05+0.03 0.08 + 0.05 0.06 + 0.04 0.04 +0.04 0.05 + 0.02 0.09 + 0.07 0.08 + 0.05 0.05 + 0.04 0.04 +0.03
(mglL) Max: 0.14 Max: 0.35 Max: 0.19 Max: 0.20 Max: 0.23 Max: 0.38 Max: 0.15 Max: 0.24 Max: 0.25 Max: 0.2 Max: 0.18 Max: 0.22
Min: 0.01 Min: <0.01 Min: <0.01 Min: 0.01 Min: 0.01 Min: 0.01 Min: <0.01 Min: 0.02 Min: <0.01 Min: 0.01 Min: 0.01 Min: 0.02
Chl-a 5.67 +9.83 13.87 + 17.0 19.45 + 16.19 5.21+4.18 9.27 +11.31 17.37 +15.21 21.63 + 17.27 9.04 + 7.52 6.54 + 4.6 5.89 + 6.82 24,79 + 15.59 15.37 + 20.51
(ug/L) Max: 48.64 Max: 107.48 Max: 166.56 Max: 30.21 Max: 48.04 Max: 87.07 Max: 91.15 Max: 59.19 Max: 33.74 Max: 59.43 Max: 73.8 Max: 70.26
Min: 0.25 Min: 0.0 Min: 0.56 Min: 0.84 Min: 0.25 Min: 0.04 Min: 0.62 Min: 1.96 Min: 0.61 Min: 0.06 Min: 0.52 Min: 0.25
Total 33.1 126.6 841.4 126.45 118.35 436 1299.7 248.1 80.9 2420 613.1 1046.2
Coliforms® (13.85-123.65) (22.8-950.6) (295.08 - 420) (77.73-189.3) (20.52-71.25) (61.3 -1413.6) (307.6 - 2420) (187.2 - 547.5) (18.6-1378.2) (296.45-2420) (223.65-2419.6) (281.6 - 2420)
(MPN/100mL) Max: >2419.6 Max: >2419.6 Max: >2419.6 Max: >2419.6 Max: >2419.6 Max: >2419.6 Max: >2419.6 Max: >2419.6 Max: >2419.6 Max: >2419.6 Max: >2419.6 Max: >2419.6
Min: 1.0 Min: <1.0 Min: 36.4 Min: 27.2 Min: 1.0 Min: <1.0 Min: 18.7 Min: 47.1 Min: 5.2 Min:20.3 Min: 41.4 Min: 104.3
2 3.1 0.5 3.1 25 7.5 1 3.1 3.1 93.9 1 17.5
E. coli*®® (1-3.1) (1-22.8) (0.5-2) (2-7.5) (0.5-22.375) (1-59.8) (0.5-3.1) (0.5-18.5) (1-235.9) (19.45-312.2) (0.5-6.2) (0.75-37.55)
(MPN/100mL) Max: 727.0 Max: 87.8 Max: 123.6 Max: 549.3 Max: >2419.6 Max: 547.5 Max: 387.3 Max: 920.8 Max: 2419.6 Max: 1986.3 Max: >2419.6 Max: 1732.9
Min: <1.0 Min: <1.0 Min; <1.0 Min: <1.0 Min: <1.0 Min: <1.0 Min:; <1.0 Min: <1.0 Min: <1.0 Min: 1.0 Min; <1.0 Min: <1.0
The terms ALower o, AMi ddl eo, and AUppero refer to he |l ocations i Grand Lake.

38 Displayed geometric mean + standard deviation.
% Displayed geometric mean + standard deviation.
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Lower Middle Upper
Parameter (Sample Sites: PDAM, DREAM, DRIP, DROWN, DUCK, and TREE) (Sample Sites: HONEY, HORSE, SAIL, SHANG, and WOOD) (Sample Sites: ELK, GRAND, NEOSHO, and SPRING)
Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn
Temp 6.41+2.23 15.56 + 5.30 27.61+2.16 19.5+5.39 6.09+1.73 16.75+ 5.25 27.81+2.13 18.9+6.17 6.71+2.17 22.55+5.41 28.43 £ 1.67 18.12+ 7.71
C) Max: 14.86 Max: 26.04 Max: 32.3 Max: 29.61 Max: 12.34 Max: 26.47 Max: 32.18 Max: 30.25 Max: 12.75 Max: 25.67 Max: 32.39 Max: 29.52
Min: 2.55 Min: 4.48 Min: 21.56 Min: 10.43 Min: 2.24 Min: 5.55 Min: 21.36 Min: 9.15 Min: 1.6 Min: 3.56 Min: 22.22 Min: 8.19
Do 11.61+1.39 10.48 + 1.97 9.81+11.51 746+1.44 11.76 + 0.80 10.31+1.88 8.40+2.49 8.27 +1.52 11.97+ 1.0 8.07 +2.38 8.27+2.28 8.26 + 1.83
(mg/L) Max: 16.49 Max: 15.45 Max: 18.94 Max: 11.94 Max: 14.68 Max: 15.77 Max: 16.97 Max: 13.83 Max: 13.73 Max: 13.04 Max: 17.0 Max: 13.74
Min: 8.39 Min: 5.08 Min: 1.32 Min: 4.09 Min: 9.2 Min: 5.16 Min: 2.94 Min: 4.32 Min: 9.78 Min: 4.05 Min: 0.0 Min: 5.38
cond 280.09 + 23.0 267.19 + 54.48 | 239.61 + 27.57 255.46 + 10.43 290.34 + 32.81 277.32+ 61.23 251 +22.61 262.13 + 16.25 327.29 + 80.83 331.09+71.17 | 300.23 + 67.69 274.4 + 42.16
Max: 341 Max: 397 Max: 329 Max: 295 Max: 380 Max: 435 Max: 384 Max: 333 Max: 483 Max: 484 Max: 432 Max: 381
(uSfem) Min: 142 Min: 147 Min: 167 Min: 205 Min: 155 Min: 147 Min: 164 Min: 199 Min: 237 Min: 191 Min: 167 Min: 200
pH 7.96 + 0.63 758+1.71 8.14 + 0.55 7.50+0.76 8.03+1.06 7.38+2.29 8.15+0.54 7.64 +0.94 8.05+ 0.6 7.92+0.44 8.15+0.36 7.72+0.33
(standard unit) Meflx: 9.47 Méx: 9.22 M'?\x: 9.37 M.ax: 9.1 Méx: 8.87 Méx: 9.21 M?.XZ 9.38 Malx: 9.16 Mlax: 8.6 M?X: 8.81 Ma.x: 9.08 Mellx: 9.08
Min: 6.79 Min: 6.99 Min: 6.93 Min: 6.47 Min: 7.18 Min: 7.14 Min: 7.08 Min: 6.7 Min: 7.21 Min: 6.23 Min: 7.1 Min: 7.22
Chi-a in-situ 6.27 +7.48 19.34 + 30.28 7.81+ 4.56 5.25+2.74 6.56 + 2.98 21.91+£29.79 9.51+521 9.45+10.25 8.23+8.08 34.57 £ 52.68 13.69 + 8.87 8.02 +4.23
(ug/L) Max: 52.1 Max: 177.9 Max: 102.6 Max: 26.4 Max: 37.0 Max: 148.8 Max: 61.4 Max: 36.8 Max: 22.9 Max: 148.8 Max: 127.4 Max: 44.5
Min: 1.5 Min: 1.8 Min: 2.4 Min: 1.0 Min: 1.8 Min: 3.1 Min: 3.4 Min: 1.0 Min: 0.5 Min: 3.1 Min: 5.7 Min: 0.5
1871.44 + 4155.98 + 8209.19 4301.55 + 21195+ 4920.77 £ 8872.51 + 5218.48 + 2206.75 + 4263.91 + 11099.1 + 6665.7 +
BGA PC 2049.17 2543.29 5708.49 3318.23 1453.49 3162.86 7318.32 4138.55 2808.30 3572.1 6855.68 4991.89
(cells/mL) Max: 20257 Max: 7593 Max: 48561 Max: 16229 Max: 5928 Max: 11919 Max: 53043 Max: 17260 Max: 7131 Max: 5401 Max: 27926 Max: 20086
Min: 36 Min: O Min: 134 Min: 463 Min: 309 Min: 0 Min: 897 Min: 224 Min: 92 Min: 0 Min: 224 Min: 1649
Turbidity 6.54 +5.38 18.80 + 19.38 9.79+ 15.51 7.11+6.88 13.96 + 21.86 20.56 + 18.57 10.46 + 14.25 9.93+7.74 73.59 + 162.85 23.65 + 22.69 13.9+ 15.0 25.72 + 21.61
(NTU) Max: 49.3 Max: 71.9 Max: 68.6 Max: 22.3 Max: 108.2 Max: 71.2 Max: 69.0 Max: 41.9 Max: 614.9 Max: 268.4 Max: 113.3 Max: 72.6
Min: 0.4 Min: 0.5 Min: 0.0 Min: 0.0 Min: 0.5 Min: 1.1 Min: 0.0 Min: 1.0 Min: 1.9 Min: 2.6 Min: 0.0 Min: 3.8
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Temperature and Dissolved Oxygen

Heat in water, measured as temperature, is primarily derived from incoming solar radiation absorbed
by water molecules, dissolved organic compounds, turbidity, and other physiochemical properties in
the impinged water. Average water temperatures in Grand Lake range from 6.4°C in the winter to
28.4°C in the summer, as shown in Table 3.4.1.2.3-2. Water temperatures can vary both spatially and
temporally within the reservoir. Spatially, water temperatures in the spring are cooler in the lacustrine
zone, warmer in the riverine zone, and vice versa in the fall. This phenomenon is likely the result of
differences in water volume as the high specific heat of water buffers temperature changes between
the riverine and lacustrine areas of the lake (Grand River Dam Authority, 2017a).

The Grand Lake water column mixes at or above 4°C in the winter and is thermally stratified during
the late spring, summer, and early fall, as shown in Table 3.4.1.2.3-3 (Nikolai, S.J. and A.R.
Dzailowski, 2014) and Figure 3.4.1.2.3-2. Thermal stratification is observed in late April/early May as
the day length increases past the spring equinox and the lake surface water absorbs solar energy
and dissipates it as heat. As the surface water absorbs the solar energy, the water layers where light
is extinguished remain the same temperature or increase at a slower rate. This uneven heating of the
water creates a temperature and density difference at depth; forming a stratified epilimnion, which is a
surface is characterized by increased water temperature, pH, and DO due to its exposure to the air,
wind mixing, and photosynthesis. The hypolimnion is characterized by cooler, denser water isolated
from the surface, receiving no wind mixing and not enough light for photosynthesis. Thermal
stratification typically dissipates by November (Grand River Dam Authority, 2017a).

Table 3.4.1.2.3-3 Mean Surface Temperature, Thermocline, and Anoxic Depth for Grand Lake from June to
October 2011

Date Mean Surface Thermocline Anoxic Secchi Disk
Temperature (°C) Depth (m) Depth (m) Depth (m)

June 6 29.9 2.2 27.0 -
June 21 25.4 9.8 15.3 -
July 5 29.6 12.4 11.2 1.2
July 19 31.9 10.8 7.3 1.1
August 1 325 10.0 6.9 1.3
August 17 28.3 12.2 11.3 -
September 7 26.8 15.4 15.2 1.7
September 23 22.8 195 17.9 -
October 14 21.6 23.0 19.3 2.0
October 28 18.5 - 27.6 1.3

Source: (Nikolai, S.J. and A.R. Dzailowski, 2014)
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Figure 3.4.1.2.3-2 Water temperature isopleth of Pensacola Dam sample site Locations of Fifteen Sample
Locations
___Temperature (C’

Depth (m)

Source: (Grand River Dam Authority, 2017a)

Solar radiation variability and heat directly influences the DO dynamics of Grand Lake. As with
temperature, DO varies temporally over the course of the year. In the winter, DO is generally at or
near saturation in a fully mixed water column as heat is evenly distributed. Due to lack of light and
heat, photosynthesis rates and biomass of algae are low while respiration rates and oxygen
consumption by bacteria are reduced. As the amount of solar radiation increases from winter to
spring, production by algae and respiration rates increase. DO is the byproduct of photosynthesis and
reaches levels exceeding the saturation point of the water in the epilimnion. In the denser, cooler, and
isolated water in the hypolimnion, microbial detritivores continue to break down the abundance of
allochthonous material derived from the large agricultural watershed upstream of the lake, which
deletes oxygen in this water layer until the lake mixes in October and November (Grand River Dam
Authority, 2017a).4° An isopleth of DO levels at the Pensacola dam monitoring site is provided in
Figure 3.4.1.2.3-3.

Figure 3.4.1.2.3-3 DO concentration isopleth of Pensacola Dam sample site Locations of Fifteen Sample
Locations
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Source: (Grand River Dam Authority, 2017a)

pH, Alkalinity and Hardness

The underlying geology of the area influences the pH in Grand Lake and the Grand River. Hydrogen
ion activity, measured as pH, is decreased from neutrality in Grand Lake as the result of the
dissolution of carbonate rich minerals, including limestone and dolomite, within the watershed. Grand
Lake is a bicarbonate-type lake with moderately hard to hard water as a result of the dissociation
equilibrium of carbonate minerals within the watershed. The total alkalinity, or acid neutralizing ability,

40 Allochthonous material is sediment or rock that originated at a distance from its present location.
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of Grand Lake water is generally in a desirable range of 80-125 mg/L. Total hardness on Grand Lake
ranges from moderately hard to hard, which indicates an abundance of cations. (e.g., Ca*, Mg?*)
(Grand River Dam Authority, 2017a).

The acidity as measured by pH in Grand Lake ranges from neutral to alkaline, as shown in Table
3.4.1.2.3-2. During summer stratification, pH in the epilimnion may temporarily deviate from the state
standard of 9.0 during periods of intense photosynthetic activity caused by seasonal algal blooms
typical of large, eutrophic, warm-water reservoirs. The pH in the hypolimnion is consistently near
neutral at 7.0 (Grand River Dam Authority, 2017a)

Nutrients

The overall driver of nutrient input into Grand Lake is the Neosho River, followed by the Spring and
Elk Rivers. Internal phosphorus loading generally occurs from July through September and causes a
notable late-summer boost to phosphorus concentrations within the reservoir upon late summer
thermocline erosion (Grand River Dam Authority, 2017a). Based on current nutrient levels, Grand
Lake is classified as eutrophic.

Nitrogen and phosphorus are important in driving the productivity of the system. However, an excess
of nutrients can lead to negative consequences such as unsightly and/or toxic algae blooms, taste
and odor issues for municipal drinking water customers, and general stress to aquatic communities.
Anthropogenic nutrient sources are derived from agricultural runoff (e.g., fertilizer, manure), municipal
sources (e.g., wastewater treatment), and industrial activities (e.g., poultry rendering) (Grand River
Dam Authority, 2017a).

Phosphorus is measured in the form of total phosphorus (TP) and orthophosphorus. In Grand Lake, TP
and orthophosphorus vary spatially and temporally, as shown in Table 3.4.1.2.3-2. Phosphorus
concentrations decrease longitudinally along the river/reservoir gradient as the result of desorption
from clay particles and uptake of phosphorus by algae.

Nitrogen as an element is available as dissolved gas (N2), nitrate (NO3s), nitrite (NO2), and ammonia
(NHs). In Grand Lake, Total Nitrogen ranges from 0.5-2.25 mg/L with the highest concentrations
occurring in the spring and in the upper portions of Grand Lake. The same temporal and spatial
variability occur with nitrate-nitrite and ammonia concentrations (Grand River Dam Authority, 2017a).

Heat and DO levels also play a role in the biochemical cycling of nutrients in Grand Lake. Specific
processes including internal phosphorus loading, denitrification, and nitrification all contribute to
available nutrients for algal growth and production. Following the consumption of nitrate-nitrite,
internal release of phosphorus occurs under anoxic condition. In cold months, Grand Lake is mixing;
both nitrogen and phosphorus are evenly distributed in the water column similar to DO. Under
stratified conditions, oxygen depletion from aerobic respiration leads to anaerobic respiration in the
hypolimnion. Denitrification, the process of microbial-mediated nitrate reduction, forms nitrogen gas
and as a result, nitrate-nitrite in the hypolimnion is depleted. As redox conditions continue to fall and
following the extirpation of nitrate, anaerobic bacteria begin to use iron as in their respiration chain,
causing the release of iron-bound phosphate back into the water column. Furthermore, the
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breakdown of organic nitrogen in sediment detritus causes the increase in ammonia through
ammonification. Upon thermocline erosion and mixing in the fall, these nutrients upwell from the
hypolimnion, giving a late-season pulse of nutrients to an otherwise nutrient limited water column
following the summer algal peak (Grand River Dam Authority, 2017a).

Bacteria

Fecal indicator bacteria are used to monitor water quality and protect recreational uses of the water.

Table 3.4.1.2.3-2 summarizes seasonal data on bacteria levels collected during routine sampling

around Grand Lake. GRDA collects E. coli samples during the recreation season. GRDA currently
voluntarily i mpl e nBacdriz Magagement Plan foeDesignated Swinemindg Areas

in the Grand River Watersheddo f or body contact in the designated sw
where bacteria sources can be ascertained to further protect and assess risk to health and public

safety. The guidelines specify GRDA will actively investigate any reported illness associated with

designated swimming areas in the waters and continue to monitor heavily used coves. In the event of

contamination, GRDA developed steps in collaboration with other relevant state agencies to better

assess risk to health and public safety and to determine and manage the sources of fecal
contamination, which were based on the EPAG6s recreati
recommendations developed by interagency working groups (Grand River Dam Authority, 2015).

3.4.1.2.4 Metals/Tri-State Mining District

The TSMD, as described in Section 3.3.1.8, includes Tar Creek and the Tar Creek Superfund site
which are located in the towns of Pitcher and Cardin, Oklahoma. Tar Creek is a tributary to the
Neosho River at RM 142. Mining left behind tailing piles and cavernous subterranean mines which
have leached Cd, Pb, Zn, and other metals into nearby groundwater, streams, and rivers. Tribal,
state, and federal agencies continue to conduct cleanup and research efforts throughout the TSMD.
Extensive data is available from the 1970s to the present day, which indicate the relative impact of
the TSMD on Grand Lake water, sediment, and wildlife is limited (Grand River Dam Authority, 2017a).

Water Contamination from Tar Creek Superfund Site

The Neosho River and Spring River upstream of the Project vicinity, as well as Grand Lake, are on
the ODEQ impaired water list for total recoverable lead (Oklahoma Department of Environmnetal
Quality, 2022).

Toxicity Investigations

The effect the TSMD metals contamination has had on organisms is well documented and primary
impacts have been upstream of the Pensacola Project. In areas near abandoned mines and mine
waste piles within the TSMD, cases of acute and chronic toxicity to both terrestrial and aquatic wildlife
are found. Canada geese collected from mine waste ponds experience elevated lead concentrations.
Crayfish at sites affected by mining have shown decreased population densities and increased metals
concentrations (Grand River Dam Authority, 2017a).

Grand River Dam Authority E-87 Revised July 2024
© Copyright 2024 Grand River Dam Authority



Pensacola Hydroelectric Project Final License Application i Revised Exhibit E
FERC Project No. 1494 Environmental Analysis

Many investigations into the effects of mine waste and runoff in organisms in Grand Lake have been
completed over the past 30 years. McCormik extracted Grand Lake sediments at a pH of 6 for use in
Daphnia bioassays and found no acute toxicity (McCormik, C.A., 1985).

An EPA Phase 1 study which evaluated overall toxicity in the area of the superfund site concluded there

were no significant toxic effects upon sensitive species of small fish or micro-crustaceans exposed to

water samples collected from Grand Lake. Furthermore, the study concluded the contaminants of

concern appear to be chemically bound to sediments since toxic concentrations of metals could not be

extracted under conditions that occur naturally in the lake. This study provided additional analysis on

organis mé6s chronic exposure to Cd, Pb, and Zn by evaluat
The researchers concluded the lake sediments were likely not causing or substantially contributing to

toxicity of sediment dwelling organisms (Grand River Dam Authority, 2017a).

In 2013, Oklahoma State University (OSU) and GRDA investigated toxicity of amphipods (Heilisoma
azteca) and pond snails (Heilisoma trivolvis) in near shore sediment under conditions that would
simulate sediment disturbance (e.g., wave action and dredging). In the EPA Phase 1 study, it was
hypothesized sediment disturbance could cause the release of toxic concentrations of metals.
Researchers from OSU and GRDA found survival and biomass, under both disturbed and
undisturbed conditions, did not exhibit any significant differences between contaminated (Neosho,
Spring, and Grand Rivers) and uncontaminated reference sites (Elk River) (Grand River Dam
Authority, 2017a).

In summary, research spanning past decades indicated no acute or chronic toxicity as a result of
metals contamination within Grand Lake. The result of the studies is consistent with expectations.
Based on Grand Lake water chemistry including pH, hardness, and the presence of anoxic sediments,
bioavailability of metals would be expected to be low (Grand River Dam Authority, 2017a).

Lead Fish Consumption Advisories

In 2007, ODEQ issued a fish consumption advisory due to lead levels for waters affected by runoff
from the TSMD, including Grand Lake. Carcass preparations (i.e., skin-on, headless, eviscerated fish,
with bones) of non-game fish (i.e., carp, freshwater drum, redhorse sucker, and smallmouth buffalo)
from the Neosho River and Grand Lake; and catfish, non-game fish, and sunfish in the Spring River
have led to concentrations high enough to warrant consumption restriction recommendations.
Skinless fish fillets, the most common preparation type, are safe to eat from the Neosho River and
Grand Lake. However, consumption of skinless fillets from non-game fish from the Spring River
should be limited (Grand River Dam Authority, 2017a).

Mercury Fish Consumption Advisories

Mercury (Hg) contamination in fish is observed worldwide. Mercury is released through various
anthropogenic and natural processes. Upon deposition from the atmosphere, mercury runs off into
lakes, rivers, streams, and oceans. Chemical changes in the water alter the bioavailability of the
deposited Hg to methylmercury (MeHg), which is taken up into the food chain where it biomagnifies in
predators (Grand River Dam Authority, 2017a).
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In 2011, seasonal Hg and MeHg dynamics were studied in Grand Lake. Researchers found Hg
concentrations were driven by high inflow conditions. During low-flow conditions, biogeochemistry of
the system controlled MeHg enrichment, sequestering both Hg and MeHg. This suggested Grand
Lake sequesters watershed derived Hg inputs for reservoirs downstream. Furthermore, this research
suggested Hg exposure to organisms is greatest during floods and in the upper reaches of the
reservoir as most Hg enrichment occurs in deep anoxic waters that are not conducive to supporting
life (Grand River Dam Authority, 2017a).

Between April 2010 and February 2013, 1,300 fish representing 30 species were collected from
Grand Lake, Lake Hudson, and nearby farm ponds. Researchers found with the exception of Gar,
meanHgl evel s for all species were below EPAG6s f
values. When compared to other Oklahoma lakes Hg tissue concentrations in Grand Lake were far
below the Oklahoma average (Grand River Dam Authority, 2017a).

3.4.1.3 Flood Control

3.4.1.3.1 History of Flooding in the Basin

GRDA compiled a complete history of flooding in the Project vicinity upstream of the Pensacola Dam,
which is provided in Appendix E-10. There is a long history of flooding along the Grand (Neosho)
River and its tributaries prior to the creation of the Pensacola Dam and the River has cycled through
flooding and drought for millennia.#! The archaeological record of Indigenous people who lived in the
watershed in Kansas, which includes the tributary Cottonwood River, indicates many groups moved
seasonally from semipermanent settlements in the floodplain to higher locations, depending on the
season and level of the river.#2 As growing numbers of non-Indigenous people forced Indigenous
people off their traditional lands and onto reservations over the course of the nineteenth century,
people of mostly European descent entered and occupied the area that would become Kansas and
Oklahoma. Many settled permanently in the Neosho floodplain to take advantage of the rich
agricultural and grazing lands they found there; others populated growing communities and towns
where they established or worked for the businesses, schools, churches, and other organizations that
supported their economy.

Along the entire course of the Neosho River and its many tributaries, non-Indigenous farmers,
industrialists, and townspeople alike found themselves occupying land subject to almost annual
floodingd sometimes, multiple times per yeard that varied from nuisance water on fields or in
basements to floods of epic and disastrous proportions. So too, these people grappled with periods of
extreme drought in which rivers, creeks, and smaller waterbodies would dry up, creating shortages of
fresh water because the remaining water was often polluted with raw sewage and other waste.
Although extreme weather events compelled some people to give up and move away, most non-
Indigenous people who settled along the Neosho and its tributaries resigned themselves to coexisting
with the cycle of flooding and drought. Individuals, local groups, municipalities, state officials, and

41 The Grand (Neosho) River is commonly known as the Neosho River in Kansas and the Grand River (not to be confused with the
Grand River in Missouri) when referring either to the watercourse south of the Oklahomai Kansas state line or the junction with
the Spring River south of Miami, Oklahoma. For consistency with the name of the Grand River Dam project currently under
relicensing, we use Grand River here but note that both historical and contemporary sources use either or both variously.

2Arthur H. Rohn and Alice E. Emer s o Wichitd BatedJaitersi§ Publtatihsih es at
Anthropology No. 1, 1984, quotation on 15. On file at lola (Kansas) Public Library.
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eventually, federal agencies participated in flood-control measures in the area that became Kansas
and Oklahoma. Indeed, flood control features became and remain ubiquitous for those living and
working along the Neosho River.

Documents from the time of non-Indigenous settlement of the area indicate the Neosho River

experienced fiseasons of fl oodo aldacumgntaiionbegan.®ur se al mo s
Weather patterns in the watershed and the geology of the riverbed and its surrounding environment

both contribute to the regular flooding. The area is
areas, as well as to general st or*“Bsthtgpeseofstolmacage port i c
cause channel overflow on limited reaches of the river or flood conditions over extensive portions of

the river valley. As a result, a flood or floods occurred somewhere on the Neosho River or one of its

tributaries most years on record; however, these floods varied in location and magnitude. A 1935

USACE report noted the difference in flood frequencies in the Grand (Neosho) River watershed

between the reaches above and below the mouth of the Spring River just south of Miami, Oklahoma.

As the report explained, thi s di f f erence was due to two conditions.
large amount of channel storage in the Kansas [and far northeastern corner of Oklahoma] area][s],

flood flows in the upper reach are reduced in peak flow with consequent increaseind u r a t*iTlen . 0

ot her was fithe | arge channel capacity in the main ste
it Acapable of carrying any flood from the Kansas ar e
considerable flow from Spring and Elk Riversandother t r i but ar i éJheiCorpsOk|l ahoma. o
estimated that fl oods above the mouth of Spring River
maj or flood every 7 years; one moderate flood every ¢
person explained, the anmiruadatedroyevarydnajdfiflcemdronthe Neasbdo i b e e
River before [ Pens &8pdomparBan, e Graral $§Nedsho) below. thie mouth of

the Spring River only experienced about Aone major f|I
years, and one mi no% Stdtidticallydhe areacamoynd NMiamy hmsasufferedomore

4 Quotation from Defence of Western Frontier, Letter from the Secretary of War, in Reply to the Resolution of the House of
Representatives of the 24th Ultimo, Relative to the Plan Proposed for the Defence of the Western Frontier; also, What Tribes of
Indians Inhabit the Country Immediately West of Arkansas and Missouri, April 1, 1840, 2, Referred to the Committee on Military
Affairs, April 1, 1840, 26th Congress, 1st Session, Serial Set Vol. No. 366, Session Vol. No. 4, House Doc. No. 161. See also
Grand(Neos ho) Ri ver, Okla., Watershed, Adjacent Area, and Details of L
Appendix 1 of S. L. Scott, Lt. Chief Engineer, Little Rock District, to Chief of Engineers (via Southwestern Division), Report on
Survey of Pensacola, Markham Ferry, and Fort Gibson Reservoir Sites, Grand (Neosho) River, Okla., October 29, 1938, House
Document No. 107, U.S. Congressional Serial Set (Washington, DC: GPO, 1939): 1i [viii]. The Grand River moves from north to
south through Marion, Lyon, Coffey, Woodson, Allen, Neosho, Labette, and Cherokee Counties in Kansas, and Craig, Ottawa,
Delaware, Mayes, Wagoner/Cherokee, and Muskogee Counties in Oklahoma. General statements about flooding frequency in
this paragraph is based on reviewing and cataloging numerous sources (including historical society manuscript and photograph
collections, newspapers, federal and state agency reports, and other relevant documents) gathered in Kansas and Oklahoma, as
well as through databases and online sources such as newspapers.com, HathiTrust, the Congressional Record, and so on.
4 Grand (Neosho) River and Its Tributaries, Oklahoma, Kansas, Missouri, and Arkansas, February 19, 1946, reprinted with
correspondence in U.S. Congressional Serial Set (Washington, DC: GPO, 1948):1i71, quotati on on 23. According
total of 62 storms having an average rainfall over a major division of the watershed of 3 inches or more in the period January 1900
through June 1944, with 53 of these stoomsh avi ng an average rainfall over th2).entire water
4 Report of the Division Engineer, Arkansas River and Tributaries, 3 Vols., Report of Corps of Engineers, part 10, House Document
No. 308, reprinted with illustrations in U.S. Congressional Serial Set (Washington, DC: GPO, 1936): 12151 341, quotation on
1231. Although the report refers to valley storage in fA¥ennsaso and
Oklahoma above the Spring River, the division of the river into two distinct reaches divided at the mouth of the Spring in the report
and the similarity in topography around the Grand River between southeast Kansas and northeast indicates that this description
of fAKansaso should include t hmamrhafltheSmimgcti on of the river in Okl ah
46 Report of the Division Engineer, Arkansas River and Tributaries 12307 231.
47 Walter C. Burnham to Douglas G. Wright, Administrator, July 28, 1947, Operation Grand River Dam Project, GRDA-HQ.
“8 Report of the Division Engineer, Arkansas River and Tributaries, 1231.
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flooding than other, nearby reaches of the Neosho River. This increased probability of flooding
predates the existence of Pensacola Dam.

As shown in the long and storied historical flood chronologies contained in Figures 3.4.1.3.1-1
through 3.4.1.3.1-7, the historical record indicates that especially disastrous floods at various
locations in the Neosho River watershed occurred in 1826, 1844, 1885, 1895, 1902, 1903, 1904,
1909, 1927, 1941, 1943, 1948, 1951, 1986, and 1993. Specifically in the two southernmost Kansas
counties, Neosho and Labette, and the two northeastern most Oklahoma counties, Ottawa and
Delaware, the worst years were 1826, 1844, 1895, 19021 1904, 19171 1918, 1922, 1928, 1941, 1943,
1948, 1951, 1986, 1993, and 2007. During the nearly 200-year period outlined in the chronology, a
major flood recurs about every other year.
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Figure 3.4.1.3.1-1 Historical Flood Chronology 1826-1889

’ Neosho River Watershed Flooding Chronology \
— —

Year | Event

1826 4 Kansas climatologist T. B. Jennings described flooding on the Neosho in 1826 as
“carrying away wigwams, houses, and gathered and ungathered crops.”

1836 4 According to accounts gathered in the Coffey County Historical Society,(CCHS) Sac and Fox chief
Soconut, “swam his horse from bluff to bluff (Indian Hill to Ottumwa Hill)” during the 1836
Neosho flood.

1844 4 Superintendent Thomas H. Harvey arrived at the Osage Sub Agency on May 22, 1844, where
he found the Neosho, “very high, having overflowed its banks and covered the bottoms to a
considerable depth, . . . in most places more than a mile wide.”

1854 < According to residents of Osage Mission (later St. Paul), the flood that year was a “record breaker.”

?g-SS- “Spring rains sent the Neosho River out of its banks, flooding lowlands all through the area that

1856 | was to be colonized [by a group of vegetarians.” (lola Register)

1857 4 A compilation of historical information from Emporia and Lyon Counties, Kansas, reported,
“A destructive flood swept down the Neosho, carrying with it wigwams, houses and crops.”

1865 4 Neosho County Journal (NCJ) described the Neosho as “very high.”

1866 4 Neosho Indian Agent, G. C. Snow, reported that the Quapaws had suffered “severely” in
1866 “for food and clothing. Their crops were quite all destroyed last year by the floods”

1867 4 Neosho “overflow” in early July. (NC))
1868 4 Neosho “overflowed for several days during the first part of September.” (NCJ)

1869 91 Neosho”rose twenty feet in nine hours and washed the ferry boats away.” July saw the region
“submerged with the highest water in fifteen years,” with the Neosho “rushing along over
a stretch a mile in width.” (NC))

1870 4 A “small flood” occurred in late October. (NCJ)
1871 < In]uly, the Neosho valley was flooded. (NCJ)
1873 4 Neosho was “very high” and had flooded the Osage Mission fairgrounds. (NCJ)

1875 4 A “smallflood” occurred in August. (NCJ)
1876 4 Another “small flood” occurred in May. (NCJ)

1877 4 May 1877 flood was one “which makes the traditional oldest inhabitant shrug his shoulders
and scratch his head, and reluctantly admit that he ‘never did saw anything like it in these
parts afore.”” (Marion County Record)

1878 9 The Neosho washed out the railroad track “again.” (NCJ)
1881 9 Another flood on the Neosho. (NCJ)
1884 4 “Big flood; no mail for four days” in May and another Neosho overflow in October. (NC/)

1885 4 A 1948 Kansas State Board of Agriculture climate report noted that the July 1885 flooding of
the Neosho was “one of the greatest on record” at Burlington and “also close to the highest
water ever known” at Oswego.

1888 4 Chanute resident and weather watcher, Henry Stoelzing, reported a Neosho flood that year.
1889 4 Neosho “was five miles wide at Humboldt” during the 1889 flood. (Spirit of Kansas)

\_
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Figure 3.4.1.3.1-2 Historical Flood Chronology 1890-1909

f Neosho River Watershed Flooding Chronology ‘
e ST

Year | Event

1890 4 Three separate Neosho floods at Chanute in 1890, with the highest in November. (Stoelzing)
1891 4 City of Miami founded within Indian Territory.

1891 4 According to a history of Emporia and Lyon Counties, in June 1891, the water was within three
inches of the 1877 high mark.

1892 4 First levees built on the Neosho in Neosho County.

1892 4 Neosho had “been out of its banks for the past week, and within two feet of the 1885 marks.
Much wheat has been destroyed.” (NCJ)

1894 4 Neosho was “very hrig h” that spring. (Terral Times)

1895 4 The U.S. Army Corps of Engineers (Corps) called the 1895 flood, “one of the greatest floods”

in the history of the Neosho River valley. Originating in southern Kansas, the flood “was constantly
augmented in crest flow as it traveled downstream throughout the Oklahoma reach, where it
caused exceptionally high stages at Wyandotte as well as at Wagoner.” The Corps estimated the
peak discharge at Grove at 250,000 cfs.

1896 4 “Rising” Neosho was expected to cause “much damage” at Humboldt in late May. (Tecumsah Herald)

1898 4 “Average-size flood” lasted approximately a week in May. (NC)

1899 4 Neosho was “out of its banks . . . and steadily rising,” with levees breached “in several places,”
the bottom lands flooded “for miles up and down the river,” and the water nearly reaching the
height of the 1885 flood. (Kansas City Star)

1900 4 Flood in Chanute lasted seven days in September. (Stoelzing)

1901 4 St. Louis-San Francisco Railway (“Frisco”) railroad truss bridge constructed over the
Neosho in Miami.

1901 o As reported in a local history, on April 13 the Cottonwood River south of Emporia was a mile
wide and the Neosho up 22 feet.

1902 4 Neosho “reached the highest mark this morning and is still rising. . . . Theriver is a mile wide.”
(Oklahoma City Weekly Times Journal)

“Floods in Indian territory have delayed traffic on the railroads seriously.” Neosho was three miles
wide in some locations and “covered with water [up] to ten feet deep. The Neosho river above
Miami, |.T. has covered the prairie farms for miles south of the river’s main channel.”

(Guthrie Daily Leader)

1904 4 Neosho inundated the new Miami toll bridge with “three feet of water. The freshet ruined a
thousand acres of corn. Rural mail wagons cannot get one mile from the post office. The water
reached within two feet of the Frisco bridge.” (Norman Democrat Topic)

1903 -

1905 4 “One of the heaviest rains known to the oldest settlers visited this section of the country Friday
night. As a result, both the Neosho and Spring rivers were out of their banks.”
(Miami Record-Herald [MRH])

1906 - | ﬁe;v; ;ins “caused flood stage”s’ilrw é con;iier;ble;o;ien c;f &J&ZSQBSE&&]’ 777777
(Monthly Weath i Tl IR :

1907 4 Neosho overflowed from January 18-24, 1907. (NC)) i

1908 - j Frlroodrsitrages at almost every Iocatiog epihe ,Nef’s"?, between E and Fort Gibsonf (MWR,L

1909 - Neesho and Cottonwood Rivers “broke all previous records” for flooding during the winter

season. (Topeka Capital)
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Figure 3.4.1.3.1-3 Historical Flood Chronology 1910-1932
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