
ECOSYSTEMS & WATERSHED 
MANAGEMENT 
420 Hwy 28, PO Box 70 
Langley, OK 74350-0070  
918-256-5545, 918-256-0906 Fax 

October 29, 2021 

Kimberly D. Bose, Secretary 
Federal Energy Regulatory Commission 
888 First Street, N.E. 
Washington, DC 20426 
 

RE: Pensacola Project (1494-438) 
 Summary of Initial Study Report Meeting 
 

Dear Secretary Bose: 
 
The Grand River Dam Authority (GRDA) is relicensing the Pensacola 
Hydroelectric Project (FERC No. 1494) using the Federal Energy Regulatory 
Commission’s (Commission or FERC) Integrated Licensing Process (ILP). In 
accordance with section 5.15(c) of the Commission’s regulations, GRDA filed its 
Initial Study Report (ISR) on September 30, 2021.  Following its filing of the ISR, 
GRDA held ISR meetings with federal and state resource agencies, Native 
American tribes, local governmental entities, and other interested stakeholders on 
October 12-14, 2021. Due to Covid-19, the ISR meetings were conducted virtually; 
however, GRDA estimates that approximately 60 individuals participated in the 
ISR meetings.  GRDA appreciates the commitment to this process by all relicensing 
participants and the productive technical dialogue that occurred in the ISR 
meetings. 
 
With this letter, and as required by section 5.15(c)(3) of the Commission’s 
regulations, GRDA is filing its summary of the ISR meetings. GRDA’s meeting 
summary consists of the agenda for each day of the meeting (Attachment A), an 
attendee registration list (Attachment B), and the PowerPoint presentation for each 
study (Attachment C).  With regard to the presentation materials for the Cultural 
Resources Working Group meeting held on October 14, 2021 (Attachment D), this 
material contains sensitive information regarding cultural resources, and therefore 
is being filed as privileged information that is exempt from public disclosure.  In 
accordance with FERC regulations, GRDA respectfully requests the Commission 
to place this information in the non-public file.  See 18 C.F.R. § 388.112.  
 
Following GRDA’s filing of the meeting summary today, relicensing participants 
have 30 days—until November 29, 2021—to file any disagreements with the 
summary or any proposed modified or new studies, in accordance with section 
5.15(c)(4). 
 



ECOSYSTEMS & WATERSHED 
MANAGEMENT 
420 Hwy 28, PO Box 70 
Langley, OK 74350-0070  
918-256-5545, 918-256-0906 Fax 

If there are any questions or comments regarding this submittal, please contact me 
by phone at (918) 981-8472 or by email at darrell.townsend@grda.com. 
 
Sincerely, 

 
Darrell E. Townsend II, Ph.D. 
Vice President 
Ecosystems and Watershed Management 
 
cc:  Stakeholder Distribution List (via email) 
 
Attachment A: Agenda 
Attachment B: Attendee List 
Attachment C: Study Report Presentations 
Attachment D: Cultural Resources Information (Privileged) 
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* Denotes correspondence was mailed to relicensing participants without a known email address. 
 
Federal Agencies: 
 
Dr. John Eddins 
Advisory Council on Historic Preservation 
Federal Permitting, Licensing and 
Assistance Section 
401 F Street NW, Suite 308 
Washington DC 20001-2637 
jeddins@achp.gov 
 
Mr. Andrew Commer, Chief 
U.S. Army Corps of Engineers, Tulsa 
District 
Attn:  CESWT-RO (Regulatory Branch) 
2488 East 81st Street 
Tulsa, OK 74137 
Andrew.Commer@usace.army.mil 
 
Mr. Mike Abate 
U.S. Army Corps of Engineers 
2488 East 81st Street 
Tulsa, OK 74137 
mike.r.abate@usace.army.mil 
 
Ms. Jennifer Aranda 
U.S. Army Corps of Engineers 
2488 East 81st Street 
Tulsa, OK 74137 
jennifer.a.aranda@usace.army.mil 
 
Mr. William Chatron 
U.S. Army Corps of Engineers 
2488 East 81st Street 
Tulsa, OK 74137 
william.a.chatron@usace.army.mil 
 
Mr. Scott Henderson 
U.S. Army Corps of Engineers 
2488 East 81st Street 
Tulsa, OK 74137 
scott.a.henderson@usace.army.mil 
 
Ms. Dawn Rice 
U.S. Army Corps of Engineers 
2488 East 81st Street 
Tulsa, OK 74137 
dawn.rice@usace.army.mil 
 

Mr. Terry Rupe 
U.S. Army Corps of Engineers 
2488 East 81st Street 
Tulsa, OK 74137 
terry.d.rupe@usace.army.mil 
 
Mr. David Williams 
U.S. Army Corps of Engineers 
2488 East 81st Street 
Tulsa, OK 74137 
david.j.williams@usace.army.mil 
 
Ms. Eva Zaki-Dellitt 
U.S. Army Corps of Engineers 
2488 East 81st Street 
Tulsa, OK 74137 
eva.a.zaki-dellitt@usace.army.mil 
 
Mr. Eddie Streater 
Regional Director 
U.S. Bureau of Indian Affairs 
Eastern Oklahoma Regional Office 
PO Box 8002 
Muskogee, OK 74401-6206 
eddie.streater@bia.gov 
 
Ms. Jessie Durham 
Deputy Regional Director 
U.S. Bureau of Indian Affairs 
Eastern Oklahoma Regional Office 
PO Box 8002 
Muskogee, OK 74401-6206 
jessie.durham@bia.gov 
 
Mr. Mosby Halterman 
Division Chief 
U.S. Bureau of Indian Affairs 
PO Box 8002 
Muskogee, OK 74401 
mosby.halterman@bia.gov 
 
Ms. Allison Ross 
Environmental Protection Specialist 
U.S. Bureau of Indian Affairs 
Eastern Regional Office  
PO Box 8002 
Muskogee, OK 74401 
allison.ross@bia.gov 
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Mr. William Brant 
Regional Archaeologist 
U.S. Bureau of Indian Affairs 
Eastern Regional Office 
PO Box 8002 
Muskogee, OK 74401 
william.brant@bia.gov 
 
Ms. Lisa Atwell 
U.S. Bureau of Indian Affairs 
Eastern Regional Office 
PO Box 8002 
Muskogee, OK 74401 
lisa.atwell@bia.gov 
 
Ms. Kate Moore 
Regional Archaeologist 
Southern Plains Regional Office 
1 Mile North of City, Hwy 281 & Riverside 
Drive 
PO Box 368 
Anadarko, OK 73005 
kate.moore@bia.gov 
 
Mr. James Schock 
Regional Director 
U.S. Bureau of Indian Affairs  
Southern Plains Office 
PO Box 368 
Anadarko, OK 73005 
james.schock@bia.gov 
 
Ms. Crystal Keys 
Water Program Manager 
U.S. Bureau of Indian Affairs 
Southern Plains Office 
PO Box 368 
Anadarko, OK 73005 
crystal.keys@bia.gov 
 
Mr. John Worthington 
Natural Resources Officer 
U.S. Bureau of Indian Affairs 
Southern Plains Regional Office 
PO Box 368 
Anadarko, OK 73005 
john.worthington@bia.gov 
 

Mr. Robert Pawelek 
Field Manager 
U.S. Bureau of Land Management 
Oklahoma Field Office 
201 Stephenson Parkway, Suite 1200 
Norman, OK 73072 
rpawelek@blm.gov 
blm_nm_comments@blm.gov  
 
U.S. Department of the Army * 
1645 Randolph Road 
Fort Sill, OK 73503 
 
Mr. Conor Cleary 
U.S. Department of the Interior 
Tulsa’s Field Office of the Solicitor 
7906 East 33rd Street, Suite 100 
Tulsa, OK 74145 
conor.cleary@sol.doi.gov 
 
Ms. Valery Giebel 
Attorney 
Tulsa Field Solicitor's Office 
U.S. Department of the Interior 
P.O. Box. 470330 
Tulsa, Oklahoma 74147 
valery.giebel@sol.doi.gov 
 
Ms. Kimeka Price 
NEPA Project Manager 
U S Environmental Protection Agency 
Region 6 
Fountain Place 
1201 Elm Street 
Dallas, TX 75202-2760 
price.kimeka@epa.gov 
 
Mr. Ken Collins 
U.S. Fish and Wildlife Service 
9014 E 21st Street 
Tulsa, OK 74129-1428 
ken_collins@fws.gov 
 
Mr. Daniel Fenner 
U.S. Fish and Wildlife Service 
9014 E 21st Street 
Tulsa, OK 74129-1428 
daniel_fenner@fws.gov 
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Mr. Kevin Stubbs 
Field Supervisor 
U.S. Fish and Wildlife Service 
9014 E 21st Street 
Tulsa, OK 74129-1428 
kevin_stubbs@fws.gov 
 
Chief Vicki Christiansen 
U.S. Forest Service 
1400 Independence Avenue, SW 
Washington, DC 20250 
vcchristiansen@fs.fed.us 
 
Jason Lewis, Director 
U.S. Geological Survey 
Oklahoma Water Science Center 
202 NW 66th Street, Building 7 
Oklahoma City, OK 73116 
jmlewis@usgs.gov 
 
Acting Chief Terry Cosby 
U.S. Natural Resources Conservation 
Service 
1400 Independence Avenue, SW Room 
5744-S 
Washington DC 20250 
Terry.cosby@usda.gov 
 
Mike Reynolds 
Regional Director 
National Park Service 
12795 Alameda Parkway 
Denver, CO 80225 
IMRextrev@nps.gov 
 
Ms. Nicole McGavock 
National Weather Service 
Tulsa, OK Weather Forecast Office 
10159 E 11th Street, Suite 300 
Tulsa, OK 74128 
nicole.mcgavock@noaa.gov 
 
Mr. James Paul 
National Weather Service 
Tulsa, OK Weather Forecast Office 
10159 E 11th Street Suite 300 
Tulsa, OK 74137 
james.paul@noaa.gov 
 
 
 

Tyler Gipson 
Southwestern Power Administration 
1 W 3rd Street, Suite 1600 
Tulsa OK 74103 
tyler.gipson@swpa.gov 
 
William Hiller 
Southwestern Power Administration 
1 W 3rd Street, Suite 1600 
Tulsa OK 74103 
william.hiller@swpa.gov 
 
 
State Agencies: 
 
Dr. Kary Stackelbeck 
State Archeologist 
Oklahoma Archeological Survey 
University of Oklahoma 
111 East Chesapeake Street, Room 102 
Norman, OK 73019-5111 
kstackelbeck@ou.edu 
 
Mr. Scott Mueller 
Secretary of Commerce and Workforce 
Development 
Oklahoma Department of Commerce 
900 North Stiles Avenue 
Oklahoma City, OK 73104 
scott.mueller@okcommerce.gov 
 
Mr. Brooks Tramell 
Director of Monitoring, Assessment & 
Wetlands 
Oklahoma Conservation Commission 
2800 North Lincoln Boulevard, Suite 200 
Oklahoma City, OK 73105 
brooks.tramell@conservation.ok.gov 
 
Ms. Shanon Phillips 
Director of Water Quality Division 
Oklahoma Conservation Commission 
2800 North Lincoln Boulevard, Suite 200 
Oklahoma City, OK 73105 
shanon.phillips@conservation.ok.gov 
 

mailto:Kevin_stubbs@fws.gov
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mailto:Terry.cosby@usda.gov
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Chairman Todd Hiett * 
Director of Administration 
Oklahoma Corporation Commission 
2101 North Lincoln Boulevard 
Oklahoma City, OK 73105 
contacttoddhiett@occ.ok.gov 
jana.slatton@occ.ok.gov 
 
Mr. Blayne Arthur 
Commissioner 
Oklahoma Department of Agriculture 
Food and Forestry 
2800 North Lincoln Boulevard, Suite 100 
Oklahoma City, OK 73105 
blayne.arthur@ag.ok.gov 
 
Mr. Joe Long 
Environmental Programs Manager 
Watershed Planning Section 
Oklahoma Department of Environmental 
Quality 
PO Box 1677 
Oklahoma City, OK 73101-1677 
joe.long@deq.ok.gov  
 
Ms. Elena Jigoulina 
Environmental Programs Specialist 
Oklahoma Department of Environmental 
Quality 
PO Box 1677 
Oklahoma City, OK 73101-1677 
elena.jigoulina@deq.ok.gov 
 
Mark Gower 
Oklahoma Office of Emergency 
Management 
PO Box 53365 
Oklahoma City, OK 73152-3365 
mark.gower@oem.ok.gov 
 
Commissioner Lance Frye* 
Oklahoma Department of Health 
1000 NE 10th Street 
Oklahoma City, OK 73117 
 
Mr. Tim Gatz 
Executive Director 
Oklahoma Department of Transportation 
200 NE 21st Street 
Oklahoma City, OK 73105 
tgatz@odot.org 

Mr. Jerry Winchester 
Executive Director 
Oklahoma Tourism and Recreation 
Department 
900 North Stiles Avenue 
Oklahoma City, OK 73104 
jerry.winchester@travelOK.com 
 
Ms. Kris Marek 
State Parks and Resorts 
Oklahoma Tourism and Recreation 
Department 
900 North Stiles Avenue 
Oklahoma City, OK 73104 
kris.marek@travelOK.com 
 
Mr. JD Strong 
Director 
Oklahoma Department of Wildlife 
Conservation 
PO Box 53465 
Oklahoma City, OK 73152 
jd.strong@odwc.ok.gov 
 
Mr. Barry Bolton 
Chief of Fisheries Division 
Oklahoma Department of Wildlife 
Conservation 
PO Box 53465 
Oklahoma City, OK 73152 
barry.bolton@odwc.ok.gov 
 
Mr. Wade Free 
Assistant Director 
Oklahoma Department of Wildlife 
Conservation 
PO Box 53465 
Oklahoma City, OK 73152 
wade.free@odwc.ok.gov 
 
Mr. Josh Johnston 
NE Region Fisheries Supervisor 
Oklahoma Department of Wildlife 
Conservation 
PO Box 1201 
Jenks, OK 74037 
josh.johnston@odwc.ok.gov 
 

mailto:contacttoddhiett@occ.ok.gov
mailto:jana.slatton@occ.ok.gov
mailto:blayne.arthur@ag.ok.gov
mailto:joe.long@deq.ok.gov
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Mr. Josh Richardson 
Wildlife Biologist 
Oklahoma Department of Wildlife 
Conservation 
PO Box 53465 
Oklahoma City, OK 73152 
josh.richardson@odwc.ok.gov 
 
Mr. Bill Dinkines 
Chief of Wildlife Division 
Oklahoma Department of Wildlife 
Conservation 
PO Box 53465 
Oklahoma City, OK 73152 
bill.dinkines@odwc.ok.gov 
 
Mr. Brad Johnston 
Fisheries Biologist 
Oklahoma Department of Wildlife 
Conservation 
61091 E 120 Road 
Miami, OK 74354 
brad.johnston@odwc.ok.gov 
 
Mr. Ken Cunningham 
Assistant Chief of Fisheries 
Oklahoma Department of Wildlife 
Conservation 
PO Box 53465 
Oklahoma City, OK 73152 
kenneth.cunningham@odwc.ok.gov 
 
Mr. Mike Plunkett 
NE Region Wildlife Supervisor 
Oklahoma Department of Wildlife 
Conservation 
9097 N 34th Street West 
Porter, OK 74454 
mike.plunkett@odwc.ok.gov 
 
Ms. Lynda Ozan 
Deputy State Historic Preservation Officer 
Oklahoma Historical Society 
800 Nazih Zuhdi Drive 
Oklahoma City, OK 73105-7917 
lozan@okhistory.org 
 

Ms. Kristina Wyckoff 
Oklahoma Historical Society 
800 Nazih Zuhdi Drive 
Oklahoma City, OK 73105-7917 
kwyckoff@okhistory.org 
 
Ms. Julie Cunningham 
Executive Director 
Oklahoma Water Resources Board 
3800 North Classen Boulevard 
Oklahoma City, OK 73118 
julie.cunningham@owrb.ok.gov 
 
Mr. William Cauthron 
Acting Director, Water Quality Division 
Oklahoma Water Resources Board 
3800 North Classen Boulevard 
Oklahoma City, OK 73118 
bill.cauthron@owrb.ok.gov 
 
Ms. Nikki Davis 
Staff Secretary, Water Quality Division 
Oklahoma Water Resources Board 
3800 North Classen Boulevard 
Oklahoma City, OK 73118 
nikki.davis@owrb.ok.gov  
 
Mr. Lance Phillips 
Environmental Programs Manager 
Oklahoma Water Resources Board 
3800 North Classen Boulevard 
Oklahoma City, OK 73118 
lance.phillips@owrb.ok.gov 
 
Mr. Monty Porter 
Section Head, Water Quality Standards 
Oklahoma Water Resources Board 
3800 North Classen Boulevard 
Oklahoma City, OK 73118 
monty.porter@owrb.ok.gov 
 
Mr. Chris Neel 
Planning and Management Division  
Oklahoma Water Resources Board 
3800 North Classen Boulevard 
Oklahoma City, OK 73118 
chris.neel@owrb.ok.gov 
 

mailto:josh.richardson@odwc.ok.gov
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Ms. Brittnee Preston 
Director of Federal and Congressional 
Affairs 
Oklahoma Water Resources Board 
Oklahoma Department of Wildlife 
Conservation 
23422 Spice Bush Terrace 
Ashburn, VA 20148 
brittnee.preston@owrb.ok.gov 
 
Harold Thompson 
Office of State Fire Marshal 
2401 NW 23rd Street, Suite 4 
Oklahoma City, OK 73107 
harold.thompson@fire.ok.gov 
 
Tribal Organizations: 
 
Inter-Tribal Council Inc. * 
PO Box 1308 
Miami, OK 74355 
 
Chief Nelson Harjo  
Alabama-Quassarte Tribal Town 
PO Box 187 
Wetumka, OK 74883 
nharjo@alabama-quassarte.org 
 
Chairman Bobby Komardley  
Apache Tribe of Oklahoma 
511 E Colorado  
Anadarko, OK 73005 
info@apachetribe.org 
 
Chairman Bobby Gonzalez 
Caddo Nation of Oklahoma 
PO Box 487 
Binger, OK 73009 
bgonzalez@mycaddonation.com 
 
Mr. Jonathan Rohrer 
Caddo Nation of Oklahoma 
Tribal Historic Preservation Officer 
PO Box 487 
Binger, OK 73009 
jrohrer@mycaddonation.com 
 

 
Chief Chuck Hoskin, Jr. 
Cherokee Nation 
PO Box 948 
Tahlequah OK 74465 
chuck-hoskin@cherokee.org 
 
Ms. Elizabeth Toombs  
Cherokee Nation 
Tribal Historic Preservation Officer 
PO Box 948 
Tahlequah, OK 74465  
elizabeth-toombs@cherokee.org  
 
Mr. Tom Elkins 
Administrator 
Cherokee Nation Environmental Programs 
PO Box 948 
Tahlequah, OK 74465 
tom-elkins@cherokee.org 
 
Ms. Deborah Dotson 
President 
Delaware Nation 
PO Box 825 
Anadarko, OK 73005 
ddotson@delawarenation.com 
 
Erin Thompson 
Delaware Nation 
PO Box 825 
Anadarko, OK 73005 
ethompson@delawarenation-nsn.gov 
 
Dr. Brice Obermeyer 
Historic Preservation Office 
Delaware Tribe of Indians 
1200 Commercial Street 
Roosevelt Hall, Room 212 
Emporia KS 66801 
bobermeyer@delawaretribe.org 
 
Chief Glenna J. Wallace 
Eastern Shawnee Tribe of Oklahoma 
70500 E 128 Road 
Wyandotte, OK 74370 
gjwallace@estoo.net 
 

mailto:brittnee.preston@owrb.ok.gov
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mailto:tom-elkins@cherokee.org
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Chairman Edgar B. Kent, Jr. 
Iowa Tribe of Oklahoma 
335588 E 750 Road 
Perkins, OK 74059 
ekent@iowanation.org 
 
Ms. Renee Hagler * 
Acting Tribal Administrator 
Iowa Tribe of Oklahoma 
335588 E 750 Road 
Perkins, OK 74059 
 
Ms. Kellie Lewis  
Acting Tribal Historic Preservation Officer 
Kiowa Tribe Office of Historic Preservation 
PO Box 369 
Carnegie, OK 73015 
kellie@tribaladminservices.org 
 
Ms. Regina Gasco-Bentley * 
Little Traverse Bay Bands of Odawa Indians 
7500 Odawa Circle 
Harbor Springs, MI  49740 
tribalchair@ltbbodawa-nsn.gov 
 
Chief Douglas G. Lankford 
Miami Tribe of Oklahoma  
PO Box 1326 
Miami, OK 74354 
dlankford@miamination.com 
 
Julie Olds 
Miami Tribe of Oklahoma 
PO Box 1326 
Miami, OK 74354 
jolds@miamination.com 
 
Ms. Robin Lash 
General Counsel 
Miami Tribe of Oklahoma 
PO Box 1326 
Miami, OK 74354 
rlash@miamination.com 
 
Mr. Joe Halloran 
Counsel for Miami Nation 
Jacobson Law Group 
180 East 5th Street, Suite 940 
St. Paul, MN 55101 
jhalloran@thejacobsonlawgroup.com 
 

Mr. Phil Mahowald 
Jacobson Law Group 
180 East 5th Street, Suite 940 
St. Paul, MN 55101 
pmahowald@thejacobsonlawgroup.com 
 
Mr. Jeff Holth 
Jacobson Law Group 
180 East 5th Street, Suite 940 
St. Paul, MN 55101 
jholth@thejacobsonlawgroup.com 
 
Chief Bill Follis 
Modoc Tribe of Oklahoma 
515 G Street SE 
Miami, OK 74354 
modoctribe@cableone.net 
 
Chief David Hill 
Muscogee (Creek) Nation 
PO Box 580 
Okmulgee, OK 74447 
dhill@mcn-nsn.gov 
 
Ms. RaeLynn Butler 
Historic and Cultural Preservation 
Department, Manager 
Muscogee (Creek) Nation 
PO Box 580  
Okmulgee, OK 74447 
raebutler@mcn-nsn.gov 
 
Chief Geoffrey Standing Bear * 
Osage Nation 
627 Grandview Avenue 
Pawhuska, OK 74056 
gdstandingbear@osagenation-nsn.gov 
 
Mr. James Munkres 
Archaeologist  
Osage Nation Historic Preservation Office 
627 Grandview Avenue 
Pawhuska, OK 74056 
jwmunkres@osagenation-nsn.gov 
 
Dr. Andrea Hunter 
Osage Nation Historic Preservation Office  
627 Grandview Avenue 
Pawhuska, OK 74056 
ahunter@osagenation-nsn.gov 
 

mailto:ekent@iowanation.org
mailto:kellie@tribaladminservices.org
mailto:tribalchair@ltbbodawa-nsn.gov
mailto:dlankford@miamination.com
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mailto:jhalloran@thejacobsonlawgroup.com
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Chairman John Shotton 
Otoe-Missouria Tribe of Indians 
8151 Hwy 177 
Red Rock, OK 74651 
jshotton@omtribe.org 
 
Ms. Elsie Whitehorn  
Tribal Historic Preservation Officer 
Otoe-Missouria Tribe of Indians 
8151 Hwy 177 
Red Rock, OK 74651 
ewhitehorn@omtribe.org 
 
Chief Ethel Cook 
Ottawa Tribe of Oklahoma 
PO Box 110 
Miami, OK 74354 
cethel.oto@gmail.com 
 
Ms. Rhonda Hayworth 
Tribal Historic Preservation Officer 
Ottawa Tribe of Oklahoma 
PO Box 110 
Miami, OK 74354 
rhonda.oto@gmail.com 
 
Chief Craig Harper 
Peoria Tribe of Oklahoma 
118 South Eight Tribes Trail 
Miami, OK 74354 
chiefharper@peoriatribe.com 
 
Mr. Logan Pappenfort 
Special Project Manager 
NAGPRA Representative 
Peoria Tribe of Oklahoma 
118 S Eight Tribes Trail 
PO Box 1527 
Miami, OK 74355-1527 
lpappenfort@peoriatribe.com 
 
Chairman Joseph T. Byrd 
Quapaw Tribe of Oklahoma 
PO Box 765 
Quapaw, OK 74363  
joseph.byrd@quapawnation.com 
 

Mr. Everett Bandy 
Quapaw Tribe of Oklahoma 
PO Box 765 
Quapaw, OK 74363 
ebandy@quapawnation.com 
 
Chief Justin Wood 
Sac and Fox Nation of Oklahoma 
920883 S Hwy 99, Building A 
Stroud, OK 74079 
justinwood@sacandfoxnation-nsn.gov 
 
Chief William Fisher 
Seneca-Cayuga Nation 
PO Box 453220 
Grove, OK 74345-3220 
wfisher@sctribe.com  
 
Mr. William Tarrant 
Tribal Historic Preservation Officer 
Seneca Cayuga Nation 
23701 South 665 Road 
Grove, OK 74344 
wtarrant@sctribe.com 
  
Richard Schlottke 
Seneca Cayuga Nation 
23701 S 665 Road 
Grove, OK 74344 
rschlottke@sctribe.com 
 
Chief Ben Barnes 
Shawnee Tribe of Oklahoma 
PO Box 189 
Miami, OK 74354 
chief@shawnee-tribe.com 
 
Ms. Tonya Tipton 
Tribal Historic Preservation Officer 
Shawnee Tribe of Oklahoma 
PO Box 189 
Miami, OK 74355 
tonya@shawnee-tribe.com 
 
President Russell Martin  
Tonkawa Tribe of Oklahoma 
1 Rush Buffalo Road 
Tonkawa OK 74653  
rmartin@tpmlawatribe.com 
 

mailto:jshotton@omtribe.org
mailto:ewhitehorn@omtribe.org
mailto:cethel@cableone.net
mailto:rhonda.oto@gmail.com
mailto:chiefharper@peoriatribe.com
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mailto:rmartin@tpmlawatribe.com
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Chief Joe Bunch 
United Keetoowah Band of Cherokees 
PO Box 746 
Tahlequah, OK 74465 
jbunch@ukb-nsn.gov 
 
Director Ernestine Berry  
United Keetoowah Band of Cherokees 
PO Box 1245 
Tahlequah, OK 74465 
eberry@ukb-nsn.gov 
 
President Terri Parton 
Wichita and Affiliated Tribes 
PO Box 729 
Anadarko, OK 73005 
terri.parton@wichitatribe.com 
 
Mr. Gary McAdams 
Tribal Historic Preservation Officer 
Wichita and Affiliated Tribes 
PO Box 729 
Anadarko, OK 73005 
gary.mcadams@wichitatribe.com 
 
Chief Billy Friend 
Wyandotte Tribe of Oklahoma 
64700 East Highway 60 
Wyandotte, OK 74370 
bfriend@wyandotte-nation.org 
 
Ms. Sherri Clemons 
Tribal Historic Preservation Officer 
Wyandotte Tribe of Oklahoma 
64700 East Highway 60 
Wyandotte, OK 74370 
sclemons@wyandotte-nation.org 
 
Mr. Norman Hildebrand, Jr. 
Second Chief 
Wyandotte Nation 
64700 East Highway 60 
Wyandotte, OK 74370 
nhildebrand@wyandotte-nation.org 
 
Mr. Christen Lee 
Environmental Director 
Wyandotte Nation 
64700 East Highway 60 
Wyandotte, OK 74370 
clee@wyandotte-nation.org 

Congressional Delegation: 
 
The Honorable James Mountain Inhofe 
United States Senate 
205 Russell Senate Office Building 
Washington DC 20515 
jennie_wright@inhofe.senate.gov 
 
The Honorable James Lankford 
United States Senate 
316 Hart Senate Office Building 
Washington DC 20510 
jeff_underwood@lankford.senate.gov 
 
The Honorable Markwayne Mullin 
1113 Longworth House Office Building 
Washington DC 20515 
debbie.dooley@mail.house.gov 
 
The Honorable Michael Bergstrom 
Oklahoma State Senate, District 1 
2300 North Lincoln Boulevard, Room 522 
Oklahoma City, OK 73105 
bergstrom@oksenate.gov 
 
The Honorable Marty Quinn 
Oklahoma State Senate, District 2 
2300 North Lincoln Boulevard, Room 417B 
Oklahoma City, OK 73105 
quinn@oksenate.gov 
 
The Honorable Blake Stephens 
Oklahoma State Senate, District 3 
2300 North Lincoln Boulevard, Room 325 
Oklahoma City, OK 73105 
bstephens@oksenate.gov 
 
The Honorable Josh West 
House of Representatives, District 5 
2300 North Lincoln Blvd, Room 242A 
Oklahoma City, OK 73105 
josh.west@okhouse.gov 
 
The Honorable Rusty Cornwell 
House of Representatives, District 6 
2300 North Lincoln Boulevard, Room 509 
Oklahoma City, OK 73105 
rusty.cornwell@okhouse.gov 
 

mailto:jbunch@ukb-nsn.gov
mailto:eberry@ukb-nsn.gov
mailto:terri.parton@wichitatribe.com
mailto:gary.mcadams@wichitatribe.com
mailto:bfriend@wyandotte-nation.org
mailto:sclemons@wyandotte-nation.org
mailto:nhildebrand@wyandotte-nation.org
mailto:clee@wyandotte-nation.org
mailto:jennie_wright@inhofe.senate.gov
mailto:jeff_underwood@lankford.senate.gov
mailto:debbie.dooley@mail.house.gov
mailto:bergstrom@oksenate.gov
mailto:quinn@oksenate.gov
mailto:shaw@oksenate.gov
mailto:josh.west@okhouse.gov
mailto:chuck.hoskin@okhouse.gov
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The Honorable Steve Bashore 
House of Representatives, District 7 
2300 North Lincoln Boulevard 
Oklahoma City, OK 73105 
steve.bashore@okhouse.gov 
 
The Honorable Tom Gann 
House of Representatives, District 8 
2300 North Lincoln Boulevard, Room 500 
Oklahoma City, OK 73105 
tom.gann@okhouse.gov 
 
The Honorable Kevin Stitt* 
Governor of Oklahoma 
2300 North Lincoln Boulevard, Suite 212 
Oklahoma City, OK 73105 
 
The Honorable Kenneth (Ken) Wagner 
Secretary of Energy and Environment 
204 North Robison, Suite 1010 
Oklahoma City, OK 73102 
kenneth.wagner@ee.ok.gov 
 
Other Governmental Entities: 
 
Afton Public Works Authority 
PO Box 250 
Afton, OK 74331 
phyllistoa@att.net 
 
Mr. Bill Keefer 
City Manager 
City of Grove 
104 West 3rd 
Grove, OK 74344 
wmkeefer@sbcglobal.net 
 
Ms. Debbie Bottoroff 
Assistant City Manager 
City of Grove 
104 West 3rd 
Grove, OK 74344 
dbottoroff@sbcglobal.net 
 
Mayor Bless Parker 
City of Miami 
PO Box 1288 
Miami, OK 74355 
bparker@miamiokla.net 
 

Mr. Bo Reese 
City Manager 
City of Miami 
PO Box 1288 
Miami, OK 74355 
breese@miamiokla.net 
 
Ms. Barbara S. Jost 
Davis Wright Tremaine LLP 
1919 Pennsylvania Avenue, NW 
Suite 800 
Washington, DC 20006-3401 
barbarajost@dwt.com 
 
Mr. Craig Gannett 
Davis Wright Tremaine LLP 
1201 Third Avenue, Suite 2200 
Seattle, WA 98101 
craiggannett@dwt.com 
 
Mr. Walker Stanovsky 
Davis Wright Tremaine LLP 
1201 Third Avenue, Suite 2200 
Seattle, WA 98101 
walkerstanovsky@dwt.com 
 
Ms. Amber Prewett 
City of Miami 
PO Box 1288 
Miami, OK 74355 
aprewett@miamiokla.net 
 
Fire Chief Robert Wright  
City of Miami 
PO Box 1288 
Miami, OK 74355 
rwright@miamiokla.net 
 
Police Chief Thomas Anderson 
City of Miami 
PO Box 1288 
Miami, OK 74355 
tanderson@miamiokla.net 
 
Kevin Browning 
Public Works Director 
City of Miami  
PO Box 1288 
Miami, OK 74355 
kbrowning@miamiokla.net 
 

mailto:ben.loring@okhouse.gov
mailto:tom.gann@okhouse.gov
mailto:phyllistoa@att.net
mailto:wmkeefer@sbcglobal.net
mailto:dbottoroff@sbcglobal.net
mailto:rschultz@miamiokla.net
mailto:dean@miamiokla.net
mailto:barbarajost@dwt.com
mailto:craiggannett@dwt.com
mailto:walkerstanovsky@dwt.com
mailto:aprewett@miamiokla.net
mailto:rwright@miamiokla.net
mailto:tanderson@miamiokla.net
mailto:kbrowning@miamiokla.net
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Coo-Y-Yah Museum * 
847 Highway 69 
South 8th Street 
Pryor, OK 74361 
 
Mr. Lowell Walker 
Craig County Commissioner 
District 1 
210 W Delaware Avenue, Suite 106 
Vinita, OK 74301 
ccd1@junct.com 
 
Mr. Hugh Gordon 
Craig County Commissioner 
District 2 
210 W Delaware Avenue, Suite 106 
Vinita, OK 74301 
ccd2@ruralinet.net 
 
Mr. Dan Peetom 
Craig County Commissioner 
District 3 
210 W Delaware Avenue, Suite 106 
Vinita, OK 74301 
joni.jones_18@yahoo.com 
 
Mr. Morris Bluejacket 
Craig County Flood Plain Manager 
210 West Delaware, Suite 103 
Vinita, OK 74301-4236 
ccem@junct.com 
 
Amanda Montgomery 
District Conservationist 
Craig County Conservation District 
235 West Hope Avenue 
Vinita, OK 74301-1302 
amanda.montgomery@ok.usda.gov 
 
Mr. David Poindexter 
Delaware County Commissioner 
District 1 
2001 Industrial 10 RD 
Grove, OK 74344 
delcohwy1086@gmail.com 
 

Mr. Jake Callihan 
Delaware County Commissioner 
District 2 
327 South 5th Street 
Jay, OK 74346 
delbarn2@yahoo.com 
 
Martin Kirk 
Delaware County Commissioner 
District 3 
327 South 5th Street 
Jay, OK 74346 
delco.d3@gmail.com 
 
Mr. Travis Beesley 
Delaware County Floodplain Administrator 
PO Drawer 309 
429 South 9th Street 
Jay, OK 74346-0309 
delawarecountyem@yahoo.com 
 
Delaware County Historical Society & 
Museum * 
538 Krause Street 
Jay, OK 74346 
 
Delaware County Conservation District 
2749 State Highway 20 
Jay, OK 74346 
delawareccd@conservation.ok.gov 
 
Eastern Trails Museum 
215 West Illinois Avenue 
Vinita, OK 74301 
etmuseum@junct.com 
 
Ms. Jill Lambert 
Ketchum Public Works Authority 
PO Box 958 
Ketchum, OK 74349 
jclabornkpwa@wavelinx.net 
 
Mr. Matt Swift  
Mayes County Commissioner 
District 1 
One Court Place, Suite 140 
Pryor, OK 74361 
mswift@mayes.okcounties.org 
 

mailto:ccd1@junct.com
mailto:ccd2@ruralinet.net
mailto:joni.jones_18@yahoo.com
mailto:ccem@junct.com
mailto:amanda.montgomery@ok.usda.gov
mailto:delcohwy1086@gmail.com
mailto:delbarn2@yahoo.com
mailto:delco.d3@gmail.com
mailto:delawarecountyem@yahoo.com
mailto:delawareccd@conservation.ok.gov
mailto:etmuseum@junct.com
mailto:jclabornkpwa@wavelinx.net
mailto:kwhiteside@mayes.okcounties.org
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Ms. Darrell Yoder* 
Mayes County Commissioner 
District 2 
One Court Place, Suite 140 
Pryor, OK 74361 
 
Mr. Ryan Ball 
Mayes County Commissioner 
One Court Place, Suite 140 
Pryor, OK 74361 
rball@mayes.okcounties.org 
 
Mayes County Conservation District 
4238 N E 1st 
PO Box 36 
Pryor, OK 74362 
mayesccd@conservation.ok.gov 
 
Mr. Johnny Janzen 
Mayes County Floodplain Manager 
One Court Place, Suite 140 
Pryor, OK 74361 
mayescountyem@yahoo.com 
 
Mr. Jeremy Hogan 
Superintendent 
Miami Public Schools 
26 N Main Street 
Miami, OK 74354 
jhogan@mpswardogs.com 
 
Cindy Morris 
Director 
Miami Regional Chamber of Commerce 
11 South Main 
Miami, OK 74354 
cmorris@miamiokchamber.com 
 
Mr. Brian Estep 
Council Member 
NE Ward 1 
PO Box 1288 
Miami, OK 74355-1288 
bestep@miamiokla.net 
 
Mr. Kevin Dunkel 
Council Member 
NE Ward 2 
PO Box 1288 
Miami, OK 74355-1288 
kdunkel@miamiokla.net 

Mr. Ryan Orcutt 
Council Member 
SW Ward 3 
PO Box 1288 
Miami, OK 74355-1288 
ward3@miamiokla.net 
 
Mr. Chad Holcom 
Ottawa County Emergency Management 
Certified Floodplain Manager  
123 East Central Ave., Suite 103 
Miami, OK 74354 
 
Mike Furnas 
Ottawa County Commissioner 
District #1 
102 East Central Avenue, Suite 202 
Miami, OK 74354 
ottawacountyd1@sbcglobal.net 
 
Mr. Steven Chasteen 
Ottawa County Commissioner 
District #2 
310 West Walker 
Wyandotte, OK 74370 
d2commissioner@ottawa.okcounties.org 
 
Mr. Russell Earls 
Ottawa County Commissioner 
District #3 
102 East Central Avenue, Suite 202 
Miami, OK 74354 
rearls@ruralinet.net 
 
Ottawa County Conservation District 
630 East Steve Owens Boulevard, Suite 3 
Miami, OK 74354-7800 
ottawaccd@conservation.ok.gov 
 
Ottawa County Historical Society * 
(Dobson Museum) 
110 A Street SW 
Miami, OK 74354 
 
Mr. Matt Outhier 
RWD #3 Delaware County 
PO Box 1228 
Jay, OK 74346 
aquazena@yahoo.com 
 

mailto:rball@mayes.okcounties.org
mailto:mayesccd@conservation.ok.gov
mailto:mayescountyem@yahoo.com
mailto:jhogan@mpswardogs.com
mailto:cmorris@miamiokchamber
mailto:bforrester@miamiokla.net
mailto:dweston@miamiokla.net
mailto:njohnson@miamiokla.net
mailto:ottawacountyd1@sbcglobal.net
mailto:d2commissioner@ottawa.okcounties.org
mailto:rearls@ruralinet.net
mailto:ottawaccd@conservation.ok.gov
mailto:aquazena@yahoo.com
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RWD #3 Mayes County – Disney 
PO Box 279 
Disney, OK 74340 
mayesrwd3@grand.net 
 
Town of Afton * 
PO Box 250 
Afton, OK 74331 
 
Town of Bernice * 
209 S Broadway 
Bernice, OK 74331 
 
Town of Disney 
PO Box 318 
Disney, OK 74340 
townofdisney@outlook.com 
 
Town of Fairland * 
PO Box 429 
Fairland, OK 74343 
 
Town of Ketchum * 
PO Box 150 
Ketchum, OK 74349 
 
Ms. Melissa Yarbrough 
Town of Langley  
PO Box 760 
Langley, OK 74350 
myarbrough@langleyok.org 
 
City of Vinita * 
PO Box 329 
104 East Illinois Avenue 
Vinita, OK 74301 
 
Town of Wyandotte * 
212 South Main 
Wyandotte, OK 74370 
 
Non-Governmental Organizations: 
 
American Rivers 
1101 14th Street NW Suite 1400 
Washington DC 20005 
akober@americanrivers.org 
 

American Whitewater 
PO Box 1540 
Cullowhee, NC 28723 
info@americanwhitewater.org 
 
Nathan Johnson 
Ducks Unlimited 
Regional Director 
1812 Cinnamon Ridge Road 
Edmond, OK 73025 
njohnson@ducks.org 
 
Grand Lake Audubon Society * 
PO Box 1813 
Grove, OK 74345-1813 
 
Mr. Bruce Watson, Squadron Commander 
Grand Lake Sail and Power Squadron 
31380 S 628 Lane 
Grove, OK 74344 
lakepappy@gmail.com 
 
Grand Lake Watershed Alliance Foundation 
PO Box 451185 
Grove, OK 74345-1185 
glwafadmin@gmail.com 
 
Ms. Rebecca Jim 
Local Environmental Action Demanded Inc. 
223 A Street SE 
Miami, OK 74354 
rjim@neok.com 
 
Ms. Melissa Shackford 
Director of Land Protection 
The Nature Conservancy 
408 NW 7th Street 
Oklahoma City, OK 73102 
mshackford@tnc.org 
 
Ms. Katie Gillies 
The Nature Conservancy 
408 NW 7th Street 
Oklahoma City, OK 73102 
katie.gillies@tnc.org 
 

mailto:mayesrwd3@grand.net
mailto:townofdisney@outlook.com
mailto:myarbrough@langleyok.org
mailto:akober@americanrivers.org
mailto:info@americanwhitewater.org
mailto:njohnson@ducks.org
mailto:slcox@suddenlink.net
mailto:glwafadmin@gmail.com
mailto:rjim@neok.com
mailto:mshackford@tnc.org
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Mr. Mike Fuhr 
Director of Conservation 
The Nature Conservancy 
10425 S 82nd E Avenue, Suite 104 
Tulsa, OK 73133 
mfuhr@tnc.org 
 
Mr. Chris Wood, President 
Trout Unlimited 
1777 N Kent Street, Suite 100 
Arlington, VA 22209 
cwood@tu.org 
 
Mr. John Kennington 
President 
Tulsa Audubon Society 
PO Box 330140 
Tulsa, OK 74133 
johnkennington@gmail.com 
 
Public/Citizens: 
 
Larry Bork 
GSEP 
515 S. Kansas Ave. 
Topeka, KS 66603 
gsep@gseplaw.com 
 
Mr. Andy Stewart 
Shoreline, LLC 
PO Box 6586 
Grove, OK 74344 
andy@patriciaisland.com 
 
Ms. Alicia Hampton 
Assistant General Manager 
Patricia Island Country Club 
PO Box 451500 
Grove OK 74345 
alicia@patriciaisland.com 
 
Dr. Robert Nairn 
School of Civil Engineering  
The University of Oklahoma 
202 West Boyd Street, Room 334 
Norman, OK 73109-3073 
nairn@ou.edu 
 

Dr. Robert Knox 
School of Civil Engineering  
The University of Oklahoma 
202 West Boyd Street, Room 334 
Norman, OK 73109-3073 
knox@ou.edu 
 
Dr. Randy Kolar 
School of Civil Engineering  
The University of Oklahoma 
202 West Boyd Street, Room 334 
Norman, OK 73109-3073 
kolar@ou.edu 
 
Oklahoma State University 
Burns Hargis, President 
107 Whitehurst 
Stillwater, OK 74078 
debbie.lane@okstate.edu 
 
Mr. Kyle Stafford 
President 
Northeastern Oklahoma A & M College 
200 I Street NE 
Miami, OK 74354 
kyle.j.stafford@neo.edu 
 
Mr. Mark Rasor 
Vice President for Business 
200 I Street NE 
Miami OK 74354 
mrasor@neo.edu 
 
Dr. Keith Martin 
Dean, Professor of Biology 
Rogers State University 
1701 West Will Rogers Boulevard 
Claremore, OK 74017 
kmartin@rsu.edu 
 
Miami Flood Mitigation Advisory Board * 
City of Miami 
PO Box 1288 
Miami, OK 74355-1288 
 
Rusty Fleming  
Executive Director 
Grand Lakers United Enterprise 
PO Box 1 
Langley, OK 74350 
grandtimesongrandlake@gmail.com 

mailto:mfuhr@tnc.org
mailto:cwood@tu.org
mailto:johnkennington@gmail.com
mailto:gsep@gseplaw.com
mailto:kent@patriciaisland.com
mailto:alicia@patriciaisland.com
mailto:nairn@ou.edu
mailto:knox@ou.edu
mailto:kolar@ou.edu
mailto:debbie.lane@okstate.edu
mailto:jhale@neo.edu
mailto:mrasor@neo.edu
mailto:kmartin@rsu.edu
mailto:grandtimesongrandlake@gmail.com


 

15 

Mr. Jay Cranke 
Director Grand Lake Association 
9630 US Highway 59, Suite B 
Grove, Oklahoma 74344 
jay@glaok.com 
 
Mr. Donnie Crain * 
President 
Grove Area Chamber of Commerce 
9630 US Highway 59 
Grove, OK 74344 
 
South Grand Lake Area Chamber of Commerce 
PO Box 215 
Langley, OK 74350 
grandlakechamber@gmail.com 
 
Oklahoma Association of Realtors * 
9807 Broadway Ext 
Oklahoma City, OK 73114-6312 
 
Har-Ber Village * 
4404 West 20th Street 
Grove, OK 74344 
 
Dr. Mark Osborn * 
301 2nd Avenue SW 
Miami, OK 74354 
 
Mr. Jack Dalrymple * 
54297 E 75 Road 
Miami, OK 74354 
 
Mr. Mike Williams 
Director of Communications & Gov’t Relations 
Shangri-La Marina 
57151 East Highway 125 
Afton, OK 74331 
mike.williams@shangrilaok.com 
 
Mr. Joe Harwood 
Owner 
Arrowhead Yacht Club (North & South) 
PO Box 600 
Ketchum, OK 74349 
joeharwood@aol.com 
 

Mr. Jeff Rose 
Regional Manager 
Safe Harbor Marinas 
14785 Preston Road, Suite 975 
Dallas, TX 75254 
jrose@shmarinas.com 
 
Mr. Jerry Cookson 
Manager 
Cedar Port Marina 
PO Box 600 
Ketchum, OK 74349 
jerry.cookson@cedarport.com 
 
Mr. Todd Elson 
Manager 
Indian Hills Resort and Marina 
PO Box 3747 
Bernice, OK 74331 
indianhillsok@aol.com 
 
 
 
 

mailto:jay@glaok.com
mailto:grandlakechamber@gmail.com
mailto:mike.williams@shangrilaok.com
mailto:joeharwood@aol.com
mailto:jrose@shmarinas.com
mailto:jerry.cookson@cedarport.com
mailto:indianhillsok@aol.com
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Tuesday, October 12, 2021:  9:00 AM to 5:30 PM CDT 

A. 9:00 to 9:15 AM: Welcome and Introductions – GRDA 

B. 9:15 to 9:30 AM: Meeting Purpose 18 C.F.R. § 5.15(c)(2) – GRDA  

C. 9:30 to 10:15 AM: Bathymetry Study – USGS  

D. 10:15 to 10:30 AM: Break 

E. 10:30 to 12:00 PM: Hydrologic and Hydraulic Modeling Study – Mead & Hunt  

1. Review of Operations Model  

2. Review of Upstream Model Results 

F. 12:00 to 1:00 PM: Lunch  

G. 1:00 to 3:45 PM: Hydrologic and Hydraulic Modeling Study (continued) – Mead & Hunt  

1. Review of Upstream Model Results (continued) 
2. Upstream Model Results-Area of Potential Effect (APE) for Cultural Resources Studies 
3. Review of Downstream Hydraulic Model  

H. 3:45 to 4:00 PM: Break  

I. 4:00 to 5:00 PM: Infrastructure Study – Mead & Hunt  

J. 5:00 to 5:30 PM: Closing and Adjourn 

*Note: If topics are discussed in a shorter time frame than listed in the agenda, the meeting will move 
forward with the next topic listed in the agenda.  

Agenda for Initial Study Report Meeting 

Meeting Date / Time: 

Tuesday, October 12 (9:00 AM to 5:30 PM CDT) 
Wednesday, October 13 (9:00 AM to 5:30 PM CDT) 
Thursday, October 14 (9:00 AM to 3:00 PM CDT) 
Note: Meeting will be conducted virtually. 
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Wednesday, October 13, 2021:  9:00 AM to 5:00 PM CDT 

K. 9:00 to 9:15 AM: Welcome and Introductions – GRDA  

L. 9:15 to 9:30 AM: Meeting Purpose 18 C.F.R. § 5.15(c)(2) – GRDA 

M. 9:30 to 12:00 PM: Sedimentation Study – Anchor QEA/Simons and Associates  

N. 12:00 to 1:00 PM: Lunch 

O. 1:00 to 2:00 PM: Recreation Facilities Inventory and Use Survey – Mead & Hunt  

P. 2:00 to 2:30 PM: Socioeconomics Study – Enercon 

Q. 2:30 to 2:45 PM: Break 

R.   2:45 to 3:45 PM: Aquatic Species of Concern Study – Horizon Environmental Services 

1. Paddlefish Sub-Study  

2. Rare and Aquatic Species Sub-Study  

3. Wetland and Terrestrial Sub-Study  

S. 3:45 to 4:15 PM: Cultural Resources Study (Public Summary) – Wood  

T. 4:15 to 5:00 PM: Closing and Adjourn  

 

 

 

 

 

*Note: If topics are discussed in a shorter time frame than listed in the agenda, the meeting will move 
forward with the next topic listed in the agenda.   
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Thursday, October 14, 2021:  9:00 AM to 3:00 PM CDT  

(Non-Public Cultural Resources Working Group Members Only) 

U. 9:00 to 9:15 AM: Welcome and Introductions – GRDA  

V. 9:15 to 9:30 AM: Meeting Purpose 18 C.F.R. § 5.15(c)(2) – GRDA 

W. 9:30 to 12:00 PM: Cultural Resources Study – Wood  

1. Archaeology 
a. 2019-2020 Fieldwork Report 
b. 2020-2021 Fieldwork Report 

2. Architectural Report 
X. 12:00 to 1:00 PM: Lunch  

Y. 1:00 to 2:00 PM: TCP Inventory – Algonquin  

CC. 2:00 to 3:00 PM: Plans for Second Year Study  

DD. 3:00 PM: Closing and Adjourn 
 

 

 

 

 

 

 

 

 

 

*Note: If topics are discussed in a shorter time frame than listed in the agenda, the meeting will move forward 
with the next topic listed in the agenda.   

 

 



Attachment B 
Attendee List

Does not include attendee list for October 14, 2021 since it was a non-public meeting with the Cultural Resources Working Group (CRWG)  



October 12, 2021: Pensacola Project (1494)‐Initial Study Report Meeting Attendance

First Name   Last Name   Email   Title   Company  
1 Mario Battaglia mbattaglia@algonquinconsultants.com Ethnographer Algonquin Consultants, Inc.
2 Craig Gannett craiggannett@dwt.com Partner Davis Wright Tremaine LLP
3 Kary Stackelbeck kstackelbeck@ou.edu State Archaeologist Oklahoma Archeological Survey
4 Lynda Ozan lozan@okhistory.org Deputy SHPO OK/SHPO
5 Kevin Stubbs kevin_stubbs@fws.gov Fish and Wildlife Biologist USFWS
6 Tyler Gipson tyler.gipson@swpa.gov Civil Engineer USDOE‐SWPA
7 Walker Stanovsky walkerstanovsky@dwt.com Associate Davis Wright Tremaine LLP
8 Randall Kolar kolar@ou.edu Professor U. of Oklahoma
9 Conor Cleary conor.cleary@sol.doi.gov Senior Indian Law Attorney Office of the Solicitor, DOI

10 Crystal Keys crystal.keys@bia.gov Physical Scientist BIA
11 Amber Leasure‐Earnhardt amber.leasure‐earnhardt@ferc.gov Attorney‐Advisor FERC
12 Allison Ross allison.ross@bia.gov Environmental Protection Specialist BIA Eastern Oklahoma Region
13 Rhonda Hayworth rhonda.oto@gmail.com Historian Ottawa Tribe of Oklahoma
14 Kimeka Price price.kimeka@epa.gov NEPA Project Manager EPA Region 6
15 David Williams david.j.williams@usace.army.mil Chief, Hydrology and Hydraulics Branch USACE Tulsa District
16 James Munkres jwmunkres@osagenation‐nsn.gov Archaeologist Osage Nation
17 Joseph Halloran jhalloran@thejacobsonlawgroup.com Shareholder Jacobson Law Group
18 Stephen Bowler stephen.bowler@ferc.gov South Branch Chief FERC
19 Kristina Wyckoff kwyckoff@okhistory.org Historical Archaeologist Oklahoma State Historic Preservation Office
20 Rebecca Jim rjim@neok.com Executive Director LEAD Agency Inc.
21 Neetu Deo navreet.deo@ferc.gov Engineer FERC
22 Tyler Rychener tyler.rychener@wsp.com Environmental Scientist WSP
23 Bill Cauthron bill.cauthron@owrb.ok.gov Division Director OWRB
24 Bo Reese breese@miamiokla.net City Manager City of Miami Oklahoma
25 Valery Giebel valery.giebel@sol.doi.gov Attorney Dept. of the Interior
26 Adam Peer adam.peer@ferc.gov Fisheries Biologist FERC
27 Brad Johnston brad.johnston@odwc.ok.gov Fisheries Biologist Oklahoma Department of Wildlife Conservation
28 Peggy Ziegler pziegler@gseplaw.com Litigation Paralegal Goodell, Stratton, Edmonds & Palmer LLP
29 Lance Phillips lance.phillips@owrb.ok.gov program manager Oklahoma Water Resources Board
30 Larry Bork lbork@gseplaw.com Mr.?  Attorney? Goodell, Stratton, Edmonds & Palmer, LLP
31 Mike Plunkett mike.plunkett@odwc.ok.gov NE Regional Supervisor Oklahoma Department of Wildlife
32 Monty Porter monty.porter@owrb.ok.gov Assistant Chief, Water Quality Oklahoma Water Resources Board
33 Charles Sensiba charles.sensiba@troutman.com Partner Troutman Pepper
34 Jacklyn Jaggars jacklyn.jaggars@grda.com Hydropower Projects Grand River Dam Authority
35 Josh Johnston josh.johnston@odwc.ok.gov Regional Supervisor of Fisheries Oklahoma Department of Wildlife Conservation
36 Debbie Dooley debbie.dooley@mail.house.gov field repesentative Congressman Markwayne Mullins Office
37 Alynda Foreman alynda.foreman@wsp.com Lead scientist WSP/Contractor to FERC
38 Nick Funk nicholas.funk@wsp.com Associate Consultant WSP‐USA
39 Mosby Halterman mosby.halterman@bia.gov RES BIA
40 Norman Hildebrand nhildebrand@wyandotte‐nation.org Second Chief Wyandotte Nation
41 Mike Williams mike.williams@shangrilaok.com Director of Government Relations Shangri‐La Resort
42 Randle White rwhite@odot.org District VIII Engineer ODOT
43 Daniel Landeros landeros.daniel@epa.gov Env. Engr. US EPA
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44 Erica McLamb emclamb@enercon.com Ecologist/Licensing Specialist Enercon Services
45 Miroslav Kurka miro.kurka@meadhunt.com Group Leader Mead & Hunt
46 Earl Hatley earlhatley77@gmail.com Grand Riverkeeper LEAD Agency, Inc.
47 Jo‐Ellen Dary jd71151@yahoo.com Consultant City of Miami
48 Kendra Dresback dresback@ou.edu Research Asst. Prof. University of Oklahoma
49 Dan Sullivan daniel.sullivan@grda.com CEO Grand River Dam Authority
50 Jeremy Ward jward@tulsalawyer.com Lawyer Franden Farris
51 Jerry Riggs jriggs@enercon.com Mr. ENERCON
52 Theresa Flood theresa.m.flood@usace.army.mil Water Manager USACE Tulsa
53 Ben Loring bloring@miamiokla.net City Attorney City of Miami
54 Alicia Hampton alicia@patriciaisland.com Assistant General Manager PATRICIA ISLAND COUNTRY CLUB, LLC
55 Shannon O'Neil shannononeil@dwt.com Associate Davis Wright Tremaine
56 Shawn Puzen shawn.puzen@meadhunt.com Consultant Mead & Hunt
57 Scott Cox scott.cox@odwc.ok.gov Biologist ODWC
58 Nathan Reese nathan.reese@grda.com External Relations GRDA
59 Steven Hollabaugh shollabaugh@native‐strategies.com CEO/President Native Strategies, LLC
60 Jesse Piotrowski jesse.piotrowski@meadhunt.com Water Resources Engineer Mead & Hunt
61 Tyler Cline tcline@miamiokla.net Utility Director City of Miami
62 Dai Thomas dai.thomas@tetratech.com Senior Engineer Tetra Tech
63 Brian Edwards brian.edwards@grda.com Executive Vice President Grand River Dam Authority
64 Darrell Townsend darrell.townsend@grda.com Vice President Ecosystems & Watershed Mgmt Grand River Dam Authority
65 Steve  Nikolai stephen.nikolai@grda.com Water Research Lab Manager Grand River Dam Authority
66 Steve  Jacoby steve.jacoby@grda.com Vice President Generation Engineering Grand River Dam Authority
67 Robert Harshaw robert.harshaw@grda.com Historic Properties Program Manager Grand River Dam Authority
68 Miro Kurka miro.kurka@meadhunt.com Group Leader, Water Resources Mead & Hunt
69 Ryan Greif ryan.greif@meadhunt.com H&H Engineering Supervisor, Water Resources Mead & Hunt
70 Laura Rozumalski lrozumalski@anchorqea.com Principal Engineer Anchor QEA
71 Brent Tesks bteske@anchorqea.com Water Resources Engineer Anchor QEA
72 Bob  Simons rksimons@rksimons.com President Simons & Associates
73 Nick Hathaway nick.hathaway@meadhunt.com Water Resources Engineer Mead & Hunt
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First Name   Last Name   Email   Title   Company  
1 Jacklyn Jaggars jacklyn.jaggars@grda.com Hydropower Projects Grand River Dam Authority
2 Lance Phillips lance.phillips@owrb.ok.gov program manager Oklahoma Water Resources Board
3 Elena Jigoulina elena.jigoulina@deq.ok.gov Environmental Programs Specialist DEQ
4 Norman Hildebrand nhildebrand@wyandotte‐nation.org Second Chief Wyandotte Nation
5 Kevin Stubbs kevin_stubbs@fws.gov Fish and Wildlife Biologist USFWS
6 David Williams david.j.williams@usace.army.mil Chief, Hydrology and Hydraulics Branch USACE Tulsa District
7 Monty Porter monty.porter@owrb.ok.gov Assistant Chief, Water Quality Oklahoma Water Resources Board
8 Walker Stanovsky walkerstanovsky@dwt.com Associate Davis Wright Tremaine LLP
9 Allison Ross allison.ross@bia.gov Environmental Protection Specialist BIA Eastern Oklahoma Region

10 Bill Cauthron bill.cauthron@owrb.ok.gov WQ Division Director Water Resources Board
11 Bo Reese breese@miamiokla.net City Manager City of Miami Oklahoma
12 Stephen Bowler stephen.bowler@ferc.gov South Branch Chief FERC
13 Kimeka Price price.kimeka@epa.gov NEPA Project Manager EPA Region 6
14 Rhonda Hayworth rhonda.oto@gmail.com Historian Ottawa Tribe of Oklahoma
15 Kary Stackelbeck kstackelbeck@ou.edu State Archaeologist Oklahoma Archeological Survey
16 Nicole McGavock nicole.mcgavock@noaa.gov Service Hydrologist NWS Tulsa
17 Josh Johnston josh.johnston@odwc.ok.gov Regional Supervisor of Fisheries Oklahoma Department of Wildlife Conservation
18 Kristina Wyckoff kwyckoff@okhistory.org Historical Archaeologist Oklahoma State Historic Preservation Office
19 Mike Plunkett mike.plunkett@odwc.ok.gov NE Regional Supervisor Oklahoma Department of Wildlife
20 Conor Cleary conor.cleary@sol.doi.gov Senior Indian Law Attorney DOI
21 Larry Bork lbork@gseplaw.com Attorney GSEP
22 Valery Giebel valery.giebel@sol.doi.gov Attorney Dept. of the Interior
23 Craig Gannett craiggannett@dwt.com Partner Davis Wright Tremaine LLP
24 Lynda Ozan lozan@okhistory.org Deputy SHPO OK/SHPO
25 Debbie Dooley debbie.dooley@mail.house.gov field repesentative Congressman Markwayne Mullins Office
26 James Munkres jwmunkres@osagenation‐nsn.gov Archaeologist Osage Nation
27 Brad Johnston brad.johnston@odwc.ok.gov Fisheries Biologist Oklahoma Department of Wildlife Conservation
28 Rick Schlottke rschlottke@sctribe.com Environmental Director Seneca‐Cayuga Nation
29 Nicholas Funk nicholas.funk@wsp.com Associate Consultant WSP‐USA
30 Miro Kurka miro.kurka@meadhunt.com Group Leader Mead & Hunt, Inc
31 Amber Leasure‐Earnhardt amber.leasure‐earnhardt@ferc.gov Attorney‐Advisor FERC
32 Dan Sullivan daniel.sullivan@grda.com CEO Grand River Dam Authority
33 Tyler Rychener tyler.rychener@wsp.com Environmental Scientist WSP
34 Kendra Dresback dresback@ou.edu Research Asst. Prof. University of Oklahoma
35 Dai Thomas dai.thomas@tetratech.com Senior Engineer Tetra Tech
36 Neetu Deo navreet.deo@ferc.gov Engineer FERC
37 Alicia Hampton alicia@patriciaisland.com Assistant General Manager PATRICIA ISLAND COUNTRY CLUB, LLC
38 Alynda Foreman alynda.foreman@wsp.com Lead Ecologist WSP/Contractor to FERC
39 Daniel Landeros landeros.daniel@epa.gov Env. Engr. US EPA
40 Charles Sensiba charles.sensiba@troutmansanders.com GC Troutman
41 Adam Peer adam.peer@ferc.gov Fisheries Biologist FERC
42 Steven Hollabaugh shollabaugh@native‐strategies.com CEO/President Native Strategies, LLC
43 Tyler Cline tcline@miamiokla.net Utilities City of Miami
44 Shannon O'Neil shannononeil@dwt.com Associate Davis Wright Tremaine
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45 Scott Cox scott.cox@odwc.ok.gov Biologist ODWC
46 Peggy Ziegler pziegler@gseplaw.com Litigation Paralegal Goodell, Stratton, Edmonds & Palmer LLP
47 Rachel Turney‐Work rturney@enercon.com Environmental Licensing Manager ENERCON
48 Ben Loring bloring@miamiokla.net City Attorney City of Miami
49 Jo‐Ellen Darcy jd71151@yahoo.com Consultant City of Miami
50 Jeremy Ward jward@tulsalawyer.com Lawyer Franden Farris
51 Theresa Flood theresa.m.flood@usace.army.mil Water Manager USACE Tulsa
52 Shawn Puzen shawn.puzen@meadhunt.com Consultant Mead & Hunt
53 Jesse Piotrowski jesse.piotrowski@meadhunt.com Water Resources Engineer Mead & Hunt
54 Brian Edwards brian.edwards@grda.com Executive Vice President Grand River Dam Authority
55 Darrell Townsend darrell.townsend@grda.com Vice President Ecosystems & Watershed Mgmt Grand River Dam Authority
56 Steve  Nikolai stephen.nikolai@grda.com Water Research Lab Manager Grand River Dam Authority
57 Steve  Jacoby steve.jacoby@grda.com Vice President Generation Engineering Grand River Dam Authority
58 Robert Harshaw robert.harshaw@grda.com Historic Properties Program Manager Grand River Dam Authority
59 Miro Kurka miro.kurka@meadhunt.com Group Leader, Water Resources Mead & Hunt
60 Ryan Greif ryan.greif@meadhunt.com H&H Engineering Supervisor, Water Resources Mead & Hunt
61 Laura Rozumalski lrozumalski@anchorqea.com Principal Engineer Anchor QEA
62 Brent Tesks bteske@anchorqea.com Water Resources Engineer Anchor QEA
63 Bob  Simons rksimons@rksimons.com President Simon & Associates
64 Buck Ray bray@olsson.com Senior Scientist, Env Planning & Permitting Olsson
65 Brad  Littrell blittrell@bio‐west.com Aquatic Ecologist Bio‐West, Inc.
66 Stephanie Rainwater srainwater@horizon‐esi.com Project Manager Horizon Environmental Services
67 Keith  Martin kmartin@rsu.edu Biologist Tallgrass Environmental and Ecological Consulting
68 Nick Hathaway nicholas.hathaway@meadhunt.com Water Resources Engineer Mead & Hunt
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Housekeeping Items
•Meeting is being recorded
•Mute your lines 
•Utilize the “raise your hand” feature to ask a question
•If audio issues exist, please use the “chat” feature
•Participant discussion and dialogue are encouraged 
•Lunch will be from 12:00-1:00 PM
•If an individual study presentation finishes early, we will 
proceed with the next agenda item



Purpose of Meeting
•Describe GRDA’s overall progress in implementing its relicensing study plan

•Results for each study to date will be presented 

•A meeting summary will be filed with FERC by October 30, 2021

•The meeting summary will include only the meeting agenda and presentations

•All stakeholder comments must be submitted in writing 

•The deadline for filing all written comments or questions is November 29, 2021



Activity Responsible Party Commission Deadline

File Initial Study Report (ISR) GRDA September 30, 2021

Hold ISR meeting 
(meeting on study results and any proposals to modify study plan)

GRDA October 15, 2021

File ISR Meeting Summary GRDA October 30, 2021

File Meeting Summary Disagreements Stakeholders November 29, 2021

File Responses to Disagreements GRDA December 29, 2021

Commission Resolution of Disagreements (if necessary) FERC January 28, 2022

Second Field Season GRDA November 2021-September 2022

File Updated Study Report (USR) GRDA September 30, 2022

Hold USR Meeting GRDA October 15, 2022

File USR Meeting Summary GRDA October 30, 2022

File Meeting Summary Disagreements Stakeholders December 29, 2022

Commission Resolution of Disagreements (if necessary) FERC January 28, 2023

File Draft License Application (DLA) GRDA January 1, 2023
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Remaining Relicensing Study Schedule



Questions?
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Developed in cooperation with
the Grand River Dam Authority

Grand Lake O’ the Cherokees and Major Tributaries 
Bathymetric Surveys 2016-2019 



Study Area 



GPS Benchmarks and Water Surface Elevations 

• 9 benchmarks; 4hr GNSS established, OPUS processed
• 74 RTK calibrations before and after each day
• 650 water surface elevation collected approx. every 500’
• RTK 3-minute averaged points – VRS network MoDOT



Acoustic Doppler Current Profiler (ADCP) Bathymetric Survey 
2016-17 

• ADCP = Teledyne RD instruments RiverRay’s
• Blanking distance 0.6 feet
• GPS on boats



Acoustic Doppler Current Profiler (ADCP) Bathymetric Survey 
2016-17 

• 2 ADCP Boats towed by Kayaks
• Sinusoidal pattern
• Diagonally bank to bank
• 100 feet spacing, 25 feet near crossing



Single Beam Echosounder Bathymetric Survey 2016-17 

• Hydrographic Systems Echotrac CV100 Single Beam 
Ecosounder

• Blanking distance is 1.1 feet
• Perpendicular to bank spaced 100’, 25’ at crossings
• Vessel speed kept under 5 ft/s



ADCP Bathymetric Survey 2016-17 Results 



ADCP/Single Beam Echosounder
QA/QC Results 

• Over 2,700 QA/QC Points
• Intersections 
• RMSE <0.5
• Larger Errors Single Beam
• Bar Checks and Speed of 

Sound checks



Grand Lake O’ the Cherokees Multibeam Bathymetric Survey 
2019 



Project Summary

Develop a detailed bathymetric map 
of Grand Lake O’ the Cherokees 
(Grand Lake) with 2 ft. contours

Determined the relation between:
–Lake stage and surface area
–Lake stage and storage

Computed lake capacity was 
compared to previously published  
results



Previous Data Collection/Capacity Tables

• Single Beam data has previously been 
collected using transect lines.

• The transect lines to the left are 100-
foot spacing parallel to dam; 500-foot 
spacing 45° from dam

• The Single beam would yield a survey 
point about every foot

(Ashworth and Others, 2017)

• 1940 – as built, survey points
• 1949 –updated with higher 

elevations
• 2009 – Single beam
• 2019 – Updated with river 

bathymetry
• 2020 – This study, adding 

multi-beam lake



Bathymetric Collection Methods

• The data at Grand Lake were not 
collected using Survey Lines.

• The boat’s navigation screen was used 
to guide data collection and overlap 
previously collected  data by 15-33% 
depending on the type of data.

• Methods used ensured 100% coverage.

(NOAA, 2017)



Multibeam Mapping System (MBMS) 

• Multibeam Echosounder
• Inertial Navigation System
• Data Collection/Processing System



Multibeam Equipment:

1. Sonar
1. NORBIT iWBMSh

(NORBIT, 2014a)



Multibeam Equipment:

1. Sonar Mount
1. Norbit Portus Pole

 The Norbit Portus Pole is extremely light and constructed of Carbon Fiber.
 The pole raises and lowers as well as swivels to help when encountering debris in the 

water.
 The Pole measurements and offsets are 100% repeatable assisting in consistency.

(NORBIT, 2014b)



Inertial Navigation System:

• GPS and Positional Correction
• Applanix POS MV OceanMaster
• The Oceanmaster blends GNSS with angular rate and acceleration data from 

an IMU and GPS Azimuth Measurement System to produce an accurate full six 
degrees-of-freedom position and orientation solution.

• This system is all built into the NORBIT iWBMSh



Data Collection/Processing System



Software:

• Software used for Data Collection was HYPACK

• https://www.hypack.com/products/hypack

https://www.hypack.com/products/hypack


Software:

• Software used for Data Processing was HYSWEEP

• https://www.hypack.com/products/hysweep

https://www.hypack.com/products/hysweep


Software:

• Software used for GPS Processing was POSPac

• https://www.applanix.com/products/pospac-mms.htm

https://www.applanix.com/products/pospac-mms.htm


Velocity of Sound in Water:

• Needed to accurately calculate depth based on 
acoustic waves

• AML Oceangraphic Base X2 Sound Velocity Profiler
• Collected once an hour at different locations
• Data applied to Multi Beam data in post-processing



Current Collection Methods

• Data Collection of Grand Lake showing 
the main channel.



Data Collection on Slopes
The Norbit Multibeam allows you to curve the beam 

angle in the direction you would like to survey to 
ensure 100% lake coverage up the water surface in 
some instances.

(NORBIT, 2014a)

Dam



Data Collection in 
Difficult Areas



Software:

• Software used for Map Creation was Global Mapper

https://www.bluemarblegeo.com/working-with-bathymetric-data/

https://www.bluemarblegeo.com/working-with-bathymetric-data/


Stage-Storage Relation



Real-Time Stage-Storage 
Relation

Stage, and Storage are reported in real time at USGS station 07190000

https://waterdata.usgs.gov/ok/nwis/uv?site_no=07190000

https://waterdata.usgs.gov/ok/nwis/uv?site_no=07190000


Results Compared



Multi-Beam Bathymetric
QA/QC Results 

• Field Monitor Screen - Data
• Beam Angle Checks
• Patch Tests

• 6.8 million QA/QC Data 
Points

• Calculated Error 0.47 feet
• Total Propagated Uncertainty 

(TPU)
• 95% of data <0.47 feet



USGS Review Process 

• Fundamental Science Practices
• Data collection review and approval
• Draft report initial review
• Supervisor Review
• 2 Colleague Reviews (Specialists)
• Reports Specialist Review
• USGS Editorial/Figures Review
• Bureau Review
• Publication/Layout Review



Published Reports and Data 

https://pubs.er.usgs.gov/publication/sim3467

https://www.sciencebase.gov/catalo
g/item/5e4c001fe4b0ff554f6c6531

https://pubs.er.usgs.gov/publication/sir
20175101

https://www.sciencebase.gov/catalog
/item/59357d5be4b06a58eb675596



Questions?

Shelby Hunter
slhunter@usgs.gov
405-626-0295

Jason Lewis
jmlewis@usgs.gov
405-651-2029

Any use of trade, firm, or product names is for descriptive purposes only and 
does not imply endorsement by the U.S. Government

mailto:slhunter@usgs.gov
mailto:jmlewis@usgs.gov
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Hydrologic and Hydraulic Modeling:
Operations Model

Pensacola Hydroelectric Project
Project No. 1494

October 12, 2021
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Presentation Outline

1. Relicensing Timeline, Study Objectives, and Vertical Datums

2. Operations Model Objectives

3. Operations Model Methods

4. Overview of RiverWare, Flood Routing, and Operations Models

5. Input Data

6. Solution

7. Validation

8. Planned Improvements

9. Computed Scenarios
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H&H Study Overview
Operations Model
Upstream Hydraulic Model
Downstream Hydraulic Model
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H&H Study Overview

FERC’s SPD and Order on Request for Clarification and Rehearing required a model 
input status report and conference call to discuss model inputs and calibration.

• Model Input Status Report (MISR) filed with FERC on March 30, 2021

• Technical Conference held April 21, 2021

• Some information presented today will be similar

Operations
Model

Upstream
Hydraulic

Model Other
Studies

Downstream
Hydraulic

Model

Other
Studies

Boundary
Conditions

Water Surface
Elevations

H&H Study
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H&H Study Objectives

1. Analyze inundation under current license operations of the 
Project during several measured inflow events.

2. Provide model results in a format that can inform other analyses.
3. Determine feasibility of implementing anticipated future 

operations as part of relicensing effort.

Operations
Model

Upstream
Hydraulic

Model Other
Studies

Downstream
Hydraulic

Model

Other
Studies
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Vertical Datums
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Operations Model
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Operations Model Objectives

1. Validate results with USACE RiverWare model data

2. Synthesize hypothetical events that inform and set boundary 
conditions of a Comprehensive Hydraulic Model (CHM)
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Operations Model Methods

1. Define relationship of physical constraints with inflow at the 
Pensacola Dam (i.e. friction headloss, turbine generator efficiency, 
discharge rating curves, etc.)

2. Develop a VBA (Visual Basic for Applications) based model in 
Microsoft Excel

3. Calculate hourly outflows and generation based on current license 
operations represented in RiverWare…

4. …and any anticipated future operations under several inflow events 

5. Use Operations Model to inform and set boundary conditions of CHM 
for each considered operations scenario
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Overview: RiverWare, 
Flood Routing, and 
Operations Models
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USACE RiverWare Model

• 1940 through 2019
• Daily time step
• 30+ Reservoirs
• Methods

− Hydrologic Routing
− Flood Control

• Channel Capacity
• Ramping Rates
• Balance Levels
• Control at Van Buren, AR

− Conservation & Power
Van Buren, AR
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Flood Routing Model

• 1940 through 2019
• Daily time step
• 3 Reservoirs (subsystem)
• Methods

− Hydrologic Routing
− Flood Control

• Channel Capacity
• Ramping Rates
• Balance Levels
• Control at Van Buren, AR

− Conservation & Power
− Excel and VBA

Van Buren, AR

Grand Lake O’ The Cherokees

Lake Hudson

Fort Gibson Lake



13EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES

Operations Model

• 2004 through 2019
• Hourly time step
• 2 Reservoirs
• Methods

− Hydrologic Routing
− Flood Control
− Detailed Hydropower 

Operations
− Excel and VBA

Grand Lake O’ The Cherokees

Lake Hudson
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Overview: Model Process

Hydrology
Flood Control
Hydropower

O

Daily
Flood

Routing
Model

H

Hourly Reservoir
Stage & Discharge

Power
Generation

Reservoir
Management

Power
Optimization

(Below 745’)
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Input Data
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USACE RiverWare Data

• Time series:
− River discharge
− Local reservoir inflow
− Evaporation & seepage

• Rating tables:
− Elevation-storage-area
− Operating level-storage
− Max regulated spill
− Induced surcharge
− Seasonal res. elevation
− Hydrologic routing 

parametersVan Buren, AR

Grand Lake O’ The Cherokees

Lake Hudson

Fort Gibson Lake
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Operations Model

• Flood Routing Model
• Other time series

− Electricity prices
− Unit outages
− Dissolved oxygen derate 

(Pensacola)

• Other rating tables
− Turbine headloss, max 

discharge, and efficiency
− Elevation-storage-area 

(USGS, 2020)
− Tailwater rating
− Spillway capacity

Grand Lake O’ The Cherokees

Lake Hudson
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Solution
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Operations Model Solution

OM 
Objective 
Function

Operational 
Constraints

Maximize 
Hydropower 
Generation

Physical 
Constraints

• Total discharge from FRM
− Pool > 0.5 feet from target

• Turbine discharge
− Best efficiency point, 

maximum discharge, storage 
volume/inflow, electricity 
prices, production cost, units 
online

• Target reservoir elevation
− Seasonal

• Power
− Discharge, net head, and efficiency

• Net head
− Reservoir elevation
− Tailwater and friction loss

• Discharge
• Efficiency

− Turbine discharge, net head, and 
dissolved oxygen valve open/closed

• Storage volume
− Inflow, turbine discharge, spillway 

discharge, evaporation, and seepage
• Reservoir elevation

− Elevation vs. storage from RWM
• Spillway capacity from RWM
• Hydrologic routing from RWM

• Revenue
− Scheduled power
− Electricity price

• Day-ahead
• Real-time

Legend

• RWM = RiverWare Model

• FRM = Flood Routing Model

• OM = Operations Model
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Validation
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Validation Variables and Metrics

• Selected Variables
− Total discharge
− Reservoir elevation

• Others (not selected)
− Reservoir storage
− Balance level

• These are corollaries for elevation. 
Because elevation is more intuitive, it 
was selected.

• Metrics
− Coefficient of Determination, R2

• Measures linearity between source
and modeled variables.

− Nash-Sutcliffe Efficiency, NSE
• Measures linearity and accuracy (1:1 slope line)

− NSE indicates over- or under-prediction at 
higher/lower variable values but is more 
sensitive to extreme values

− Reviewing R2 and NSE together is useful

Metric Range Not Satisfactory Satisfactory Good Very Good

R2 0 to 1 ≤ 0.60 0.60 to ≤ 0.75 0.75 to ≤ 0.85 > 0.85

NSE -∞ to 1 ≤ 0.50 0.50 to ≤ 0.70 0.70 to ≤ 0.80 > 0.80

NSE =

R2 =
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Validation Results: FRM vs. RWM

• FRM using RWM inputs for:
− Historical inflows
− Evaporation & seepage
− Elevation vs. storage
− Reservoir operating balance levels
− Max spill and induced surcharge
− Seasonal target elevations
− Hydrologic routing
− Ramping rates
− Downstream channel regulating 

discharges

• Following validation, some 
inputs may be updated

− E.g., to use new USGS bathymetry
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Validation Results: FRM vs. RWM

• Main difference: Van Buren
− RWM will sometimes recommend 

higher reservoir elevations for 
extended periods to manage 
discharge at Van Buren

− Apparent Result: underprediction 
of elevations by FRM in 
correlation plots

− Actual Result: underprediction of 
duration of peak stages by FRM

• Artificially decreases correlation



24EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES

Validation Results: FRM vs. RWM

• RWM time step oscillation
− Rule set changes at key elevations / balance levels (e.g., top of conservation pool)
− Balance level changes between reservoirs at alternating time steps
− Result: oscillations from one time step to the next, decreases apparent correlation
− Affects RWM and FRM

• Solution: time-averaging across two model time steps
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Validation Results: FRM vs. RWM

Pensacola Kerr

Discharge Elevation Discharge Elevation

NSE 0.89 (Very Good) 0.81 (Very Good) 0.87 (Very Good) 0.68 (Satisfactory)

R2 0.90 (Very Good) 0.81 (Good) 0.88 (Very Good) 0.752 (Good)
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Validation Results: OM vs. RWM

• OM adds hydropower 
optimization onto FRM 
predictions of discharge

− Transitions from low-flow to 
higher-flow rules when reservoir 
elevation > target + 0.5’

− Simplified approach, can be 
improved going forward

• Result: correlation metrics 
slightly lower than FRM vs. RWM



27EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES

Validation Results: OM vs. RWM

Pensacola Kerr

Discharge Elevation Discharge Elevation

NSE 0.87 (Very Good) 0.80 (Very Good) 0.87 (Very Good) 0.61 (Satisfactory)

R2 0.86 (Very Good) 0.81 (Good) 0.86 (Very Good) 0.69 (Satisfactory)

Note: RWM values appear 
different than in previous slide 
because start of analysis period 
is different for comparisons of 
FRM (1940) and OM (2004).
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Validation Results

The FERC SPD recommends GRDA demonstrate it has validated its model results against the RiverWare 
model output.

Conclusion: Despite

…validation results indicate satisfactory, good, or very good correlation to 
the RiverWare model output.

• limitations of RWM rules reflected in FRM,
• missing control point at Van Buren, and
• layering of detailed hydropower optimization rules…
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Planned 
Improvements
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Planned Improvements

• OM: FRM Stage Matching
− Within flood pool, OM matches 

total discharge from FRM
− Pool > Target + 0.5’
− Different initial elevations, 

different time of rule shift
− Result: Higher starting 

elevations may peak lower

• Solution: Add criteria to blend 
both discharge and elevation 
matching to FRM in flood pool

• OM: Turbine Shutoff
− Real-time power price below 

production cost: generation 
buy-back

− Spillway discharge assumed 
constant for day

− Result: Less OM discharge than 
recommended by FRM, 
reservoir levels peak higher

• Solution: Adjust spillway 
discharge hourly in OM

• FRM: Ramping Rates
− Synthetic 100-year event, pool 

drops below target on the 
falling limb (after peak)

• Solution: Add logical checks so 
target elevation takes 
precedence over Allowable 
Falling Release Change (AFRC)
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Scenarios

Pensacola
Initial Elevation

(feet PD)
Sep 1993 Jun 2004 Jul 2007 Oct 2009 Dec 2015 100-year

757
✔

(PENS only)

745 ✔ ✔ ✔ ✔ ✔ ✔

744 ✔ ✔ ✔ ✔ ✔ ✔

743 ✔ ✔ ✔ ✔ ✔ ✔

742 ✔ ✔ ✔ ✔ ✔ ✔

740
✔

(PENS only)

734
✔

(PENS only)

Historical (Varies) ✔ ✔ ✔ ✔ ✔

Note: Some initial elevation vs. flow event combinations were not analyzed because they 
are impractical and uninformative to study. The full range of initial elevations was analyzed 
for the 100-year event to determine the effects of extreme high or low initial elevations.
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Thank you



11EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES

Hydrologic and Hydraulic Modeling:
Upstream Hydraulic Model

Pensacola Hydroelectric Project
Project No. 1494

October 12, 2021
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Presentation Outline

1. Purpose and Objectives

2. UHM Development

3. UHM Calibration

4. Flood Frequency Analysis

5. Inflow Event Analysis

6. Definition of Material Difference

7. Simulated Scenarios

8. Study Results

9. Discussion of Results

10. Conclusions
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Purpose and 
Objectives
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Purpose and Objectives of UHM

1. Analyze inundation upstream of Pensacola Dam under current license 
operations of the Project during several measured inflow events.

2. Provide model results in a format that can inform other analyses.

3. Determine feasibility of implementing anticipated future operations 
that may be proposed by GRDA as part of relicensing effort.
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UHM Development
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Study Area
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Background

1. Tetra Tech previously developed HEC-RAS model of the study area (Tetra Tech, 2015, 2016).

2. Tetra Tech model developed in 5.0 beta version of HEC-RAS.

3. Mead & Hunt used Tetra Tech’s model as the base for UHM development.

4. Mead & Hunt used 5.0.7 (official release) for UHM. 
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Development of UHM

1. Converted from beta version of HEC-RAS to version 5.0.7. 
2. Two-dimensional (2D) flow area (FA) added for Grand Lake.
3. Upstream 2DFAs expanded to fully contain inundation from larger flow events.
4. Mesh reviewed and adjusted in accordance with USACE guidance (USACE, 2016a). 
5. Cross-sections were extended to fully contain the inundation from larger flow events.
6. 1D/2D flow boundaries adjusted in accordance with USACE guidance (USACE 2016a, USACE 2016b).
7. Bridge geometries were updated to reflect current conditions.
8. Banks and ineffective flow areas adjusted in accordance with USACE guidance (USACE, 2016b).
9. Elk River was added to the model.
10.Spring River was added to the model.
11.USGS 2019 Grand Lake bathymetry incorporated into model (Hunter, Trevisan, Villa, & Smith, 2020).
12.Computational parameters adjusted in accordance with USACE guidance (USACE, 2016a).
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Model Comparison
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Elevation Sources
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UHM Calibration
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Calibration Overview

1. UHM calibrated using several historical events.
2. Stream gage data used for model boundary conditions.
3. Simulated water surface elevations (WSELs) compared to measured WSELs.
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Stream Gage Data

1. Neosho River near Commerce, OK (USGS Gage No. 07185000)
2. Neosho River at Miami, OK (USGS Gage No. 07185080)
3. Tar Creek at 22nd Street Bridge at Miami, OK (USGS Gage No. 07185095)
4. Spring River near Quapaw, OK (USGS Gage No. 07188000)
5. Elk River near Tiff City, MO (USGS Gage No. 07189000)
6. Grand Lake O’ the Cherokees at Langley, OK (USGS Gage No. 07190000)

13
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Historical Events used for Calibration

Historical Event
Peak Inflow (cfs) Pensacola Peak 

Stage (ft, PD)Neosho 
River Tar Creek

Spring 
River Elk River

July 2007 141,000 726 33,300 1,190 754.53
October 2009 46,100 4,630 66,200 39,300 749.59
December 2015 45,400 4,710 151,000 107,000 754.93
January 2017 10,200 678 15,900 1,140 742.82
April 2017 58,200 3,550 114,000 107,000 754.59
May 2019 91,400 6,410 109,000 66,500 755.08
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Manning’s n-values

Overbank
Land Cover n-value
Field crops 0.040
Pasture 0.080
Urban 0.070
Urban dense 0.090
Water 0.040
Woody veg 0.100
Woody veg dense 0.150

Reach n-value
Grand Lake (reservoir, up to RM 121.29) 0.020
Neosho River (RM 121.51 up to 128.81) 0.035
Neosho River (RM 129.07 up to RM 135.44) 0.037
Neosho River (RM 135.47 up to RM 152.2) 0.025
Elk River (full reach) 0.042
Spring River (full reach) 0.038

Channel
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Flow Roughness Values
Neosho River Spring River Elk River

Flow (cfs) Roughness Factor Flow (cfs) Roughness Factor Flow (cfs) Roughness Factor
0 0.60 0 0.79 0 1.15

20,000 0.60 20,000 0.79 40,000 1.15
40,000 0.70 40,000 0.94 60,000 0.80
45,000 0.70 60,000 0.94 80,000 0.80
50,000 1.00 80,000 0.94 100,000 1.00
55,000 1.25 100,000 1.00 120,000 1.00
60,000 1.25 120,000 1.00 140,000 1.00
80,000 1.25 140,000 1.10 160,000 1.00
90,000 1.30 160,000 1.10 350,000 1.00

110,000 1.30 180,000 1.00
140,000 1.30 350,000 1.00
150,000 1.30
160,000 1.00
350,000 1.00
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Calibration Results: USGS Gages



1818EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES

Calibration Results: July 2007 HWM
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Calibration Results: October 2009 HWM
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Calibration Results: December 2015 HWM
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Calibration Data: Logger Locations
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Calibration Results: Logger Data
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July 2007 Additional Data

1. Publicly available stage data in hourly increments from October 2007 onward was used during calibration. 
2. City of Miami comment: request pre-October 2007 data from USGS.
3. USGS Tulsa Field Office provided pre-October 2007 data with disclaimer. 

USGS Disclaimer:
Please note that prior to October 2007, instantaneous stage values were not considered a reportable 
data product. A small possibility exists that some of the data provided in this email was not processed 
in accordance with current USGS standards and could contain errors.
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Publicly Available USGS Data

1. Peak Streamflow: Maximum flow that occurred during USGS water year.
2. Streamflow Measurements: USGS field measurements; independent of gage-recorded values.

Source: USGS (T&M 3-A22)

Peak Streamflow Streamflow Measurements
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July 2007 Comparisons

Comparisons:
1. Neosho River at Miami:

◦ Identical stage: (1) Peak Streamflow stage, (2) pre-October 2007 USGS max WSEL, (3) USGS daily max WSEL.
◦ No Streamflow Measurements.
◦ No way to compare various USGS measurements.

2. Elk River near Tiff City:
◦ Identical stage: (1) Peak Streamflow stage, (2) pre-October 2007 USGS max WSEL.
◦ Only Streamflow Measurement occurred six days after peak.
◦ No way to compare various USGS measurements.
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July 2007 Comparisons

Comparisons:
3. Neosho River near Commerce:

◦ Multiple USGS Streamflow Measurements available.
◦ Magnitude of differences between HEC-RAS and USGS is similar to magnitude of differences between various USGS 

measurements.

4. Spring River near Quapaw:
◦ Identical stage: (1) Peak Streamflow stage, (2) pre-October 2007 USGS max WSEL.
◦ USGS Streamflow Measurement available.
◦ Difference between USGS measurements exceeds difference between HEC-RAS results and USGS measurements.
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Findings/Conclusions on Additional Data

The following factors were considered when determining if the model should be recalibrated to match the pre-
October 2007 USGS data for the July 2007 event:
1. USGS disclaimer
2. [Difference between various USGS measurements]   ≥   [Differences between USGS and HEC-RAS]
3. USACE guidance: ± 5% flow measurement (“optimistic”) translates to stage error of ± 1.0 feet

Goal of UHM development/calibration: single geometry for variety of synthetic/hypothetical simulations.
Adjusting model calibration to match a dataset suspected to have accuracy issues contradicts that goal. 
Conclusion: inadvisable to recalibrate model.
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Flood Frequency 
Analysis
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Flood Frequency Analysis

Data source: USACE Period of Record Riverware model
◦ Total inflow to Grand Lake

◦ Start: 1940 (construction date of dam)

◦ End: 2019 (latest available data at time of data delivery)

Annual peak flows extracted using HEC-SSP version 2.2

Graphical Frequency Analysis of Peak Inflows performed

Recurrence Interval 
(years)

Flow 
(cfs)

2 90,000
5 152,000

10 192,000
20 225,000
50 266,000

100 299,000
200 330,000
500 375,000
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Inflow Event Analysis
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Study Plan Determination

FERC SPD:
If the flood frequency analysis shows that the selected historical inflow events do not exceed a 100-year 
recurrence interval, inflow events up to and including the 100-year recurrence interval would be evaluated in 
the CHM.

100-year inflow at Pensacola Dam: 300,000 cfs
July 2007: largest event of recent record on the Neosho River
◦ Peak flow of 141,000 cfs at Commerce gage
◦ Peak inflow of 130,000 cfs at Pensacola Dam
◦ 4-year event at Pensacola Dam



3232EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES

100-Year Hydrograph Development

Scaled July 2007 event to represent 100-year inflow to Pensacola Dam.
1. Peak inflow based on flood frequency analysis. 
2. Statistical analysis of historical inflow volumes and peak flows used to adjust inflow hydrograph volume.
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Definition of Material 
Difference
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Revised Study Plan

The H&H study area will encompass the channel and overbank areas of the Grand/Neosho River watershed 
that have a material difference in water surface elevation due to Project operation during the measured inflow 
events of the H&H Study. A material difference in water surface elevation due to Project operations will be 
based on professional judgment.
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Government Agencies

1. FEMA requires base flood elevations to “match within one-half foot” at the transition between a revised 
study and the study it is replacing (Office of the Federal Register, 2021).

2. USACE engineering manual for the Hydrologic Engineering Requirements for Reservoirs: the point of 
intersection between pre-project and post-project WSEL profiles is established where the profiles are within 
one foot of each other (U.S. Army Corps of Engineers, 2018). 

3. USGS field measurements: 
◦ Excellent: flow measurement is within 2% of the actual value.
◦ Good: flow measurement is within 5% of the actual value.
◦ Gage inflows increased and decreased by 2%. Difference in WSEL ~0.5 feet. 
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Proposed Definition, Results

Defining material difference as 0.5 feet of water surface elevation for out of bank events or 0.5 feet of water 
surface elevation within the banks where inundation impacts infrastructure or other sensitive resources.

Study results confirmed that water surface elevation differences at the upstream ends of the model did not 
exceed 0.5 feet for either in bank or out of bank events.
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Simulated Scenarios
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Simulated Scenarios

Inflow Event Type
Estimated 

Return
Period1

Pensacola Dam Starting Pool Elevation 
(ft, PD)

Simulation Start/End Date

Sept. 1993 Historical 21 years 743.852, 742, 743, 744, 745 9/24/1993 – 10/2/1993
June 2004 Historical 1 year 743.422, 742, 743, 744, 745 6/13/2004 – 6/18/2004
July 2007 Historical 4 years 745.692, 742, 743, 744, 745 6/28/2007 – 7/10/2007
Oct. 2009 Historical 3 years 740.982, 742, 743, 744, 745 10/8/2009 – 10/16/2009
Dec. 2015 Historical 15 years 742.862, 742, 743, 744, 745 12/26/2015 – 1/2/2016
100-year Synthetic 100 years 734, 740, 742, 743, 744, 745, 7573 N/A4

1 Return period for peak inflow at Pensacola Dam.
2 Historical pool elevation of Pensacola Dam.
3 Crest elevation of Pensacola Dam. 
4 Because the 100-year event is synthetic, there is no historical start or end date. The duration of simulation is 12.5 days, which is consistent 
with the simulated duration of the July 2007 event upon which it was based. 
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Boundary Conditions for Scenarios

Downstream boundary condition
◦ Output from Operations Model (OM) used as downstream stage boundary condition.

Upstream boundary conditions
◦ USGS gage data used for historical inflow events.
◦ Synthetic hydrographs used for 100-year inflow event.
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Peak Inflows

Inflow Event
Peak Inflow (cfs)

Neosho River Tar Creek Spring River Elk River
September 1993 75,600 8,200 230,000 18,100
June 2004 24,800 749 10,500 577
July 2007 141,000 726 33,300 1,190
October 2009 46,100 4,630 66,200 39,300
December 2015 45,400 4,710 151,000 107,000
100-year 308,264 1,641 74,975 2,689
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Peak Pool Elevations

Event
Pensacola Dam Pool Elevation (ft, PD)

Difference (ft)
Lowest Peak Highest Peak

September 1993 754.93 754.93 0.00
June 2004 744.71 745.14 0.43
July 2007 754.23 754.96 0.73

October 2009 750.27 750.84 0.57
December 2015 754.34 754.82 0.48

100-year 754.90 757.00 2.10
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Study Results
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Study Results

1. Maximum WSEL and maximum inundation extent extracted for each simulation.
2. Presentation formats:

◦ Tables of maximum WSELs
◦ Profile plots of maximum WSELs
◦ Maps of maximum inundation extents

3. Comparisons
◦ Starting pool elevations 
◦ Inflow events
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Discussion of Results
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Maximum WSEL Differences

Event
Maximum WSEL Difference (ft)

Neosho River Spring River Elk River Tar Creek
September 1993 0.36 0.12 0.04 0.15

June 2004 0.69 0.92 0.42 0.32
July 2007 1.40 1.22 0.75 0.13

October 2009 0.84 0.48 0.62 0.06
December 2015 0.49 0.32 0.54 0.18

100-year 2.10 0.33 1.91 0.05
Historical Starting Elevation 20.95 36.78 26.84 20.54



4646EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES

Inundation Area Differences

Event
Maximum Area of Inundation (acres)

Difference (%)
Smallest Largest

September 1993 82,007 82,093 0.1%
June 2004 49,743 50,469 1.4%
July 2007 80,257 81,148 1.1%

October 2009 70,648 70,985 0.5%
December 2015 78,020 78,473 0.6%

100-year 92,525 94,141 1.7%
Historical Starting Stage 50,551 82,029 47.5%
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September 1993 WSEL Profiles
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September 1993 Inundation Extent
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June 2004 WSEL Profiles
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June 2004 Inundation Extent
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July 2007 WSEL Profiles
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July 2007 Inundation Extent
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October 2009 WSEL Profiles
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October 2009 Inundation Extent



5555EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES

December 2015 WSEL Profiles
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December 2015 Inundation Extent
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100-Year WSEL Profiles
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100-Year Inundation Extent
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Historical Starting Stage WSEL Profiles
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Historical Starting Stage Inundation Extent
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742 ft PD Starting Stage WSEL Profiles
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742 ft PD Starting Stage Inundation Extent
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745 ft PD Starting Stage WSEL Profiles
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745 ft PD Starting Stage Inundation Extent
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Comparison of Maximum WSEL Differences
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Conclusions
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Conclusions

1. The initial stage at Pensacola Dam has an immaterial impact on upstream WSELs 
and inundation.

2. Only a different inflow event caused an appreciable difference in maximum WSEL 
and maximum inundation extent.

3. The differences in WSEL and inundation extent due to the size of the inflow event 
were an order of magnitude greater than the differences in WSEL and inundation 
extent due to the initial stage at Pensacola Dam.  
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Thank you
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Hydrologic and Hydraulic Modeling:
Downstream Hydraulic Model

Pensacola Hydroelectric Project
Project No. 1494

October 12, 2021
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Presentation Outline

1. Purpose and Objectives of DHM

2. Model Development

3. Model Calibration

4. Simulated Scenarios

5. Study Results

6. Discussion of Results

7. Conclusions
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Purpose and Objectives of DHM

1. Analyze inundation downstream of Pensacola Dam under current license 
operations of the Project during several measured inflow events.

2. Provide model results in a format that can inform other analyses.

3. Determine feasibility of implementing anticipated future operations that may 
be proposed by GRDA as part of the relicensing effort. 
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Model Development
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Study Area
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Model Development

• One dimensional (1D) unsteady-state HEC-RAS model
− Version 5.0.7

• Model Extents:
− Downstream: Just downstream of Kerr Dam (RM 47.86) for calibration ONLY
− Upstream:  Just downstream of Pensacola Dam (RM 76.88)
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Topographic and Bathymetric Data
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Model Geometry

• 1D cross sections for Neosho River channel and 
Lake Hudson
− Parallel reaches for Neosho River and Main Spillway 

channel downstream of Pensacola Dam

• Storage areas at various tributaries
− Represent available storage outside main flow path 

of reservoir
− Flow exchange between the river channel and Main 

Spillway channel
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• Four bridges cross the Neosho River and Lake Hudson
− Defined based on record drawings from ODOT and GRDA

• Kerr Dam represented as inline structure
− Flow hydrograph boundary defined for model calibration

Model Geometry
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• Manning’s n-values derived from aerial imagery prior to calibration
− Guidance from USACE’s Hydraulic Reference Manual

Model Geometry

Land Use Category n-Value

Channel 0.030

Pasture high grass or mature row crops 0.035

Mature field crops 0.040

Light brush and trees 0.060

Urban or residential 0.070

Dense urban or residential 0.090

Medium to dense brush 0.100
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Model Calibration
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• Model calibrated using four historic events

Model Calibration

• Calibrated based on measurements at USGS gage on Neosho River near Langley 
(Site No. 07190500)

Event Simulation Start/End Date Pensacola Dam
Peak Outflow

Kerr Dam
Peak Outflow

July 2007 June 10, 2007 – July 23, 2007 106,941 cfs 99,034 cfs

April 2008 April 7, 2008 – April 17, 2008 82,340 cfs 91,287 cfs

April 2011 April 20, 2011 – May 15, 2011 80,559 cfs 91,852 cfs

May 2015 May 17, 2015 – June 9, 2015 107,246 cfs 121,400 cfs
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• Inflow boundary conditions developed from USGS Gages

Boundary Conditions for Calibration

• Inflow hydrographs to represent outflows from Pensacola Dam
− From GRDA times series operations data that is summarized and sent to USACE monthly
− East spillway as lateral inflow hydrograph

USGS Gage No. Station Name

07191000 Big Cabin Creek near Big Cabin, OK

07191288 Spavinaw Creek near Eucha, OK

07191300 Spavinaw Lake at Spavinaw, OK
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• Lateral inflow hydrographs
− Big Cabin Creek and Lake Spavinaw inflows transferred from USGS gages

− Flows from Salina pumped storage derived from power consumption and generation 
time series data

• Converted from MW to cfs using conversion factors for pumping and generating modes
• Positive flows = inflows from power generation
• Negative flows = withdrawals from pumping

• Outflows for Kerr Dam from GRDA and USACE time series data

• Normal depth boundary condition at downstream end of model
− WSELs upstream of Kerr Dam not sensitive to boundary condition

Boundary Conditions for Calibration
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• Uniform lateral inflow hydrograph to account for flow from ungaged tributaries and direct 
rainfall on Lake Hudson
− Computed for each event to minimize differences between modeled and observed WSELs at 

Kerr Dam

Model Calibration
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• Manning’s n-values adjusted in conjunction with lateral inflows
− Goal: match observed WSELs at Langley Gage for all events with single model geometry
− Calibrated model includes 8% increase in Manning’s n-values

Model Calibration

Land Use Category Calibrated
n-Value

Channel 0.0324

Pasture high grass or mature row crops 0.0378

Mature field crops 0.0432

Light brush and trees 0.0648

Urban or residential 0.0756

Dense urban or residential 0.0972

Medium to dense brush 0.1080
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• Computed stage hydrographs at the Langley Gage show a good match to the 
observed stages throughout the events

Calibration Results

Event
Observed Peak WSEL at 

Langley Gage (No. 07190500)
(feet, PD)

Modeled Peak WSEL at 
Langley Gage (RS 73.315)

(feet, PD)

Over/Under
Prediction

(feet)

June 2007 638.9 638.6 -0.3

April 2008 636.9 636.9 0.0

April 2011 635.8 635.9 0.1

May 2015 639.5 639.6 0.1
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Calibration Results
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Calibration Results
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Simulated Scenarios
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Simulated Scenarios

Inflow Event Type
Estimated Return

Period for Peak Inflow to 
Pensacola Dam

Pensacola Dam Starting Pool 
Elevation (ft, PD)

Simulation Start/End Date

Sept. 1993 Historical 21 years 743.851, 742, 743, 744, 745 Sept. 24, 1993 – Oct. 17, 1993

June 2004 Historical 1 year 743.421, 742, 743, 744, 745 June 13, 2004 – June 24, 2004

July 2007 Historical 4 years 745.691, 742, 743, 744, 745 June 28, 2007 – July 29, 2007

Oct. 2009 Historical 3 years 740.981, 742, 743, 744, 745 Oct. 8, 2009 – Oct. 22, 2009

Dec. 2015 Historical 15 years 742.861, 742, 743, 744, 745 Dec. 26, 2015 – Jan. 17, 2016

100-year Synthetic 100 years 742, 743, 744, 745, N/A (duration of simulation = 24 days)

1 Historical starting stage
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• Calibrated model modified for use in simulating the various scenarios

• Downstream end of calibrated model truncated to just upstream of Kerr Dam
− Removed inline structure representing Kerr Dam
− Removed the two model cross sections downstream of Kerr Dam

• Used downstream stage boundary condition at Kerr Dam

Modified Model Geometry
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• Output from Operations Model (OM) used as boundary conditions to HEC-RAS model
− Stage at Kerr Dam = stage hydrograph boundary condition at downstream-most cross section

− Outflows from Pensacola Dam powerhouse = inflow hydrograph boundary condition

− OM reports spillway flows from Pensacola Dam as a single value for each time step
• Spillway flows divided between main and east spillways using ratio of maximum discharge capacities

• 69 percent for main spillway as inflow boundary condition
• 31 percent for east spillway as lateral inflow hydrograph to east spillway storage area

Boundary Conditions for Scenarios
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• The OM reports lateral inflows between Pensacola and Kerr Dams as a single value for each time step

• For input into HEC-RAS, lateral inflows divided between tributary and local inflows based on drainage area 
ratios
− Tributary inflows from Summerfield Creek, Big Cabin Creek, Spavinaw Creek and Saline Creek represented as 

lateral inflow hydrographs
− Local inflow represented using a lateral inflow hydrograph distributed along the length of Lake Hudson

Boundary Conditions for Scenarios

Lateral Inflow
Component

Ratio

Summerfield Creek 0.02

Big Cabin Creek 0.41

Saline Creek 0.10

Spavinaw Creek 0.33

Local inflow 0.14
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Boundary Conditions for Scenarios
Example of Model Boundary Conditions



26EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES

• For 100-year event, a statistical analysis of historical inflow volume was conducted to correlate lateral 
inflows at Lake Hudson against the peak inflows to Pensacola Dam
− Based on coefficient of determination (R2) best-fit calculation assuming a Generalized Extreme Value (GEV) 

distribution

• Analysis showed poor correlation between peak inflows at Pensacola Dam and peak inflows into Lake 
Hudson
− Hydrologically independent watersheds
− Long travel time for rainfall to reach Pensacola Dam

• Still a positive correlation between increasing peak inflow at Pensacola Dam and increasing lateral 
inflow to Lake Hudson

Boundary Conditions for Scenarios: 100-yr
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• Resulting inflow volume curve used to develop 100-year lateral inflow to Lake Hudson
− Drainage area ratios used to divide into local and tributary inflow hydrograph boundary conditions

Boundary Conditions for Scenarios:  100-yr

y = 51076x + 73586
R² = 0.9904

y = 7341.7x + 12620
R² = 0.2531
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Study Results
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• Tabular results
− Compare max WSELs for each event with varying starting stages at Pensacola Dam
− Compare max WSELs using historical starting stages at Pensacola Dam

• Graphical water surface profiles
− Same comparisons as tabular results

• Inundation Maps
− 10 map sheets to cover study area
− Maximum inundation extents
− Same comparisons as tabular results

Study Results
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Study Results
Example of Inundation Mapping – June 2004 Event
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Study Results
Example of Inundation Mapping – Historical Starting Stages
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Study Results

Event
Area of Inundation (acres)

Difference (%)
Smallest Largest

September 1993 18,679 19,013 1.8%
June 2004 12,202 13,005 6.4%
July 2007 17,277 18,327 5.9%

October 2009 16,276 17,851 9.3%
December 2015 18,806 19,243 2.3%

100-year 19,166 19,803 3.3%
Historical Starting Stage 12,246 19,411 45.3%
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Discussion of Results
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• Third largest maximum releases from Pensacola Dam of events analyzed
− Largest release for 745 feet PD starting stage
− Smallest release for 742 feet PD starting stage

• Highest peak stage at Kerr Dam coincides with largest release from Pensacola Dam
− Peak stages only differ slightly

• Variability in releases -> differences in max WSEL and inundation in upper portion of model

• Smaller differences in max WSEL and inundation in downstream portion of model
− No appreciable differences in maximum inundation

September 1993 Event
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September 1993 Event
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• Smallest releases from Pensacola Dam of events analyzed
− Largest release for 745 feet PD starting stage
− Smallest release for 742 feet PD starting stage

• Peak stages at Kerr Dam:
− Highest peak stage coincides with largest release from Pensacola Dam
− Lowest peak stage for 742-, 743-, and 744-feet PD starting stages (identical)

• Variability in releases -> differences in max WSEL and inundation in upper portion of model

June 2004 Event
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June 2004 Event
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• Third smallest releases from Pensacola Dam of events analyzed
− Largest release for 745 feet PD starting stage
− Smallest release for 742 feet PD starting stage

• Peak stages at Kerr Dam don’t follow trend of releases from Pensacola Dam
− Highest peak stage for 745 feet PD starting stage
− Lowest peak stage for 744 feet PD starting stage

• Nearly uniform differences in Max WSELs throughout model

• Differences in max inundation extents not uniform throughout model
− More pronounced in upper portion (flatter floodplain)

July 2007 Event
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July 2007 Event
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• Second smallest releases from Pensacola Dam of events analyzed
− Largest release for 742 feet PD starting stage
− Smallest release for 744 feet PD starting stage

• Highest peak stage at Kerr Dam coincides with largest release from Pensacola Dam
− Differ by 3.4 feet between 744 versus 742 feet PD starting stages

• Nearly uniform differences in max WSELs throughout the model

• Differences in max inundation extents not uniform throughout model
− More pronounced in upper portion (flatter floodplain)

October 2009 Event
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October 2009 Event
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• Second largest releases from Pensacola Dam of events analyzed
− Peak releases nearly identical for all starting stages

• Peak stages at Kerr Dam differ by maximum of approximately 1.3 feet
− 742- and 743-feet PD starting stages produce highest peak stage
− Inconsistency could be due to limitations with the Operations Model

• Differences in Max WSEL: 
− Small in upper portion of model
− More pronounced in lower portion of model (approx. 1.3 feet at Kerr Dam)

• Max inundation extents nearly identical except for 745-foot starting stage
− Differences in max inundation extents don’t vary significantly throughout model

December 2015 Event
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December 2015 Event
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100-year Event

• Largest releases from Pensacola Dam of events analyzed
− Peak releases identical for all starting stages

• Peak stages at Kerr Dam differ by maximum of approximately 2.6 feet
− Highest peak stage for 745-foot PD starting stage 
− Lowest peak stage for 742-foot PD starting stage

• Differences in Max WSEL: 
− Small in upper portion of model
− More pronounced differences in lower portion of model (approx. 2.6 feet at Kerr Dam)

• Max inundation extents nearly identical except for 745-foot starting stage
− Differences in max inundation extents vary the most in upper portion of model
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100-year Event
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• Releases from Pensacola Dam vary significantly between all the flow events using historical starting stages
− Lowest of 23,000 cfs for June 2004 event
− Highest of 195,000 cfs for December 2015 event

• Peak stages at Kerr Dam differ by approximately 15.8 feet

• Large differences in maximum WSELs throughout the model
− Larger differences through upstream portion of the model

• Differences in max inundation extents throughout the model
− Most pronounced through upper portion of model

Compare Historical Starting Stages
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Compare Historical Starting Stages
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Conclusions
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• Initial stages at Pensacola Dam have an influence on downstream WSELs and out-of-bank inundation

• Out-of-bank inundation is result of spillway releases directed by USACE
− Section 7 of 1944 Flood Control Act: USACE responsible for flood control operations

− Arkansas River Basin Water Control Master Manual:  System balancing of flood storage

− Section 7612 (c) of National Defense Authorization Act of Fiscal Year 2020: “The Secretary [of the Army] shall 
have exclusive jurisdiction and responsibility for management of the flood pool for flood control operations at 
Grand Lake O’ the Cherokees” 

• Known limitations and planned improvements to the Operations Model could alter model results 

Conclusions
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Thank you
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Setting the Stage for Continued Study

Pensacola Hydroelectric Project
Project No. 1494

October 12, 2021
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Presentation Outline
1. Review of Overall Study Purposes

2. Study Area for First Study Period

3. Study Results Defining Second Period Study Area

4. Study Area for Second Study Period
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Overall Study Purposes
Selecting Studies to Implement.
o There shall be a nexus between Project operations and effects.
o Study results shall inform the development of license requirements.
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Overall Study Purposes (continued)
What Should Studies Accomplish?
oAddress identified data needs.
oReasonably inform analysis of effects of operation.
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First Study Period Study Areas
Study First Study Area or APE

H&H Study Anticipated upstream and downstream H&H model 
extent.

Bathymetry Anticipated upstream H&H model extent.

Infrastructure

Sedimentation

Aquatic and Terrestrial Species of Concern

Wetlands and Riparian

Recreation Broad Assessment of Project Vicinity (Green Country 
Region) and Specific Recreation Sites.

Socioeconomic Broad Assessment of Project Vicinity (Craig, Delaware, 
Mayes, and Ottawa Counties).

Cultural APE is current Project Boundary, mapped 
to approximately 750 ft.
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Upstream H&H Model Extent
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H&H Study Conclusion 
The initial operating stage at Pensacola Dam has an immaterial 
impact on upstream water surface elevations and inundation.
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Flooding Extent Upstream (Neosho River)
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Flooding Extent Upstream (Spring River)
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Flooding Extent Upstream (Elk River and Buffalo Creek)
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Anticipated Future Operations

1. To be developed through studies in second study period.

2. Evaluate different pool elevations up to 745 Feet PD.

3. Project boundary is approximately mapped to an elevation of 750 Feet

4. Future operations may be influenced by results of:
◦ H&H Study.
◦ Aquatic and Terrestrial Species of Concern Studies.
◦ Wetland and Riparian Study.
◦ Cultural Resources Study.

5. GRDA will indicate its anticipated future operations in the License Application.
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Second Period Study Areas  
Study Second Study Period Area or APE

H&H Create Lentic and Lotic Maps.

Sedimentation Area impacted by anticipated future operations.

Aquatic and Terrestrial Species of Concern Use Lentic and Lotic maps.

Wetlands and Riparian

Cultural Resources Continue to use Project Boundary as APE (no change from 
studies to date).

Recreation Facilities Inventory and Use Complete; no second study period.

Socioeconomic

Bathymetry

Infrastructure No inundation increases due to anticipated future operations: 
No second period study needed.
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Thank you
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Infrastructure Report

Pensacola Hydroelectric Project
Project No. 1494

October 12, 2021
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Presentation Outline

1. Study Objectives and Schedule

2. Study Area

3. Methodology

4. Study Results

5. Discussion of Results

6. Conclusions
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Study Objectives and 
Schedule
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Study Objectives

1. In consultation with the stakeholders, determine list of infrastructure types to be 
included in the study. Include infrastructure types that have the potential to be 
flooded under USACE-directed flood control operations and GRDA’s Project 
operations.

2. Determine range of inflow conditions for which model results show Project 
operations are likely to have an effect on flooding. Provide maps and tables 
identifying frequency and depth of flooding for each item of infrastructure under 
existing operations and for the range of inflow conditions where operations may 
have an effect on flooding.

3. Provide additional maps and tabular information based on anticipated future 
operations.
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Schedule and Tasks

STUDY 
SEASON

MAJOR TASKS

1

• Develop list of infrastructure types.
• Consult with stakeholders to update list of infrastructure types.
• Map infrastructure locations.
• Determine a range of inflow conditions for which modeling results show that Project operations 
are likely to have an effect on frequency and depth of flooding.
• Prepare maps and tabular data as part of analysis.
• Develop an Initial Study Report (ISR).

2 • Stakeholder comments on the ISR are addressed.
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Study Area
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Study Area
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Methodology
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Methodology Overview

1. Defined list of infrastructure types.

2. Gathered and mapped locations.

3. Consulted with stakeholders to refine the infrastructure list.

4. Extracted inundation characteristics from simulation results. 
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Infrastructure Types and Data Sources

1. Oklahoma Digital Data Online

2. United States Geological Survey (USGS) Geographic Names Information System (GNISS)

3. Environmental Protection Agency (EPA) Facility Registry Service (FRS)

4. Federal Aviation Administration (FAA)

5. Homeland Infrastructure Foundation Level Database (HIFLD)
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Consultation with Stakeholders

1. Emergency Management Agencies
◦ County, City, and Tribal emergency management entities contacted via email.
◦ Followed up with phone calls.

2. Tribal Consultation
◦ Certified return-receipt letters sent for tribal consultation.
◦ If no receipt was received, additional certified letter sent, followed by phone calls.
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Inflow Events Analyzed

1. Correlating a recurrence interval at each infrastructure location not feasible; flow at each 
location is unique based on position in the watershed.

2. Recurrence intervals at the Project can be considered when reviewing inundation depths and the 
criticality of each infrastructure location.

3. Flood frequency at the Project:
1. September 1993 event: recurrence interval of 21 years.
2. July 2007 event: recurrence interval of 4 years.
3. December 2015 event: recurrence interval of 15 years.
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Modeling Scenarios

1. September 1993 event, starting reservoir elevation of 742 ft PD
2. September 1993 event, starting reservoir elevation of 745 ft PD
3. July 2007 event, starting reservoir elevation of 742 ft PD
4. July 2007 event, starting reservoir elevation of 745 ft PD
5. December 2015 event, starting reservoir elevation of 742 ft PD
6. December 2015 event, starting reservoir elevation of 745 ft PD
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Maximum Inundation Depth

1. Simulations were based on historical inflow events with modified reservoir starting elevation.
2. Real life experience during historical events:

◦ Maximum inundation depth only occurred when USACE took control of Project operations pursuant to its exclusive 
jurisdiction under Section 7 of the Flood Control Act of 1944 (33 U.S.C. 709),

◦ Except when the time of maximum inundation depth was solely a function of inflow event arrival time and not 
reservoir elevation.

3. Simulated maximum inundation depths for various inflow events and reservoir starting 
elevations:

◦ Maximum inundation depths only occur when reservoir elevation is above 745 feet PD (USACE would control),
◦ Except when the time of maximum inundation depth is solely a function of inflow event arrival time and not reservoir 

elevation.
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Mapping and Tabular Data

1. Each infrastructure location assigned unique ID.
2. Maximum depths extracted from hydraulic modeling results at each infrastructure location.
3. Maps:

◦ Series of 37 maps at 1:24,000 scale created for entire upstream modeling area.
◦ Additional series of 5 maps at 1:12,000 scale created for developed/urbanized areas.
◦ Total of 42 maps for a given inflow event.
◦ Three sets of maps created, one for each inflow event.

4. Tables:
◦ Maximum depths for all six simulated scenarios at each infrastructure location.
◦ Difference in maximum depth for starting reservoir elevations also provided.
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Study Results
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Inundation Area

1. Total increase in inundation area due to starting reservoir elevation of 745 ft PD – 3 feet higher 
than a starting reservoir elevation of 742 feet PD – is less than 1 percent for all simulated events.

Event Difference in Inundation Area
September 1993 0.3 %
July 2007 0.1 %
December 2015 0.6 %
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Classification of Difference in Depth

Infrastructure locations with differences in depth greater than 0.1 feet were divided into three 
classes:
1. Class 1: greater than 0.1 feet up to 0.3 feet (>0.1 ft, <0.3 ft).
2. Class 2: greater than or equal to 0.3 feet up to 0.5 feet (≥0.3 ft, <05 ft).
3. Class 3: greater than or equal to 0.5 feet (≥ 0.5 ft).
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Class 1 Differences (>0.1 ft, <0.3 ft) 

Infrastructure ID Map Panel Location
Difference in Depth (ft)

Sept. 1993 event July 2007 event Dec. 2015 event

57 B4, B4-3 Rockdale Blvd Bridge 0.2 0.1 0.0

94 B4, B4-3 Lion Taylor Park 0.2 0.1 0.0

97 B4, B4-4 Little Elm Creek Bridge 0.2 0.1 0.2

103 B4, B4-3 Riverview Park South 0.1 0.1 0.2
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Class 2 Differences (≥0.3 ft, <05 ft)

Infrastructure ID Map Panel Location
Difference in Depth (ft)

Sept. 1993 event July 2007 event Dec. 2015 event

127 C4 Hudson Creek Bridge 0.1 0.4 0.3

150 C6 Wyandotte High School 0.1 0.4 0.3
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Class 3 Differences (≥ 0.5 ft)

Infrastructure ID Map Panel Location
Difference in Depth (ft)

Sept. 1993 event July 2007 event Dec. 2015 event

139 C5 Twin Bridges State Park 0.1 0.7 0.4

140 C6 Shawnee Branch Bridge 0.1 0.7 0.2

166 E3 Fly Creek Bridge 0.0 0.0 0.5

167 E3 Bernice State Park 0.0 0.1 0.5

175 F3 Cherokee Seaplane Base 0.0 0.1 0.5

181 F5 Wolf Creek Park -0.1 0.0 0.5

185 F5 Grove Springs Park 0.0 0.1 0.5

206 G3 Bacon’s Heliport 0.0 0.1 0.5
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Discussion of Results
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Results Discussed

1. Only selected results are presented due to time constraints and because the results are so 
similar at nearly all the locations with Class 1, Class 2, or Class 3 differences.

2. Report contains full descriptions of each location with Class 1, Class 2, or Class 3 differences.
3. In report, the inflow event that causes the largest difference in depth is discussed first, followed 

by discussion of difference in depth for the other two inflow events.
4. For all locations, any increased depth resulting from a starting reservoir elevation of 745 feet 

does not result in any additional loss of infrastructure use.
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Class 1 Example

Rockdale Boulevard Bridge (ID 57)
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Class 1 Example

Rockdale Boulevard Bridge (ID 57)
◦ September 1993 event: 

◦ Inundated by 1.3 feet of water for September 1993 event if starting reservoir elevation is 742 feet.
◦ Inundation depth increases to 1.5 feet if starting reservoir elevation is 745 feet.
◦ Infrastructure location is inundated regardless of starting reservoir elevation.

◦ July 2007 event: inundated in either scenario (6.7 feet of depth vs 6.8 feet of depth)
◦ December 2015 event: not inundated in either scenario.
◦ For all three inflow events, increasing the starting reservoir elevation from 742 feet to 745 feet does not 

result in additional loss of infrastructure use.
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Class 1 Summary

1. For two Class 1 locations (Rockdale Boulevard Bridge and Lion Taylor Park), the December 2015 
event does not inundate the location for either scenario.

2. For the remaining Class 1 locations (Little Elm Creek Bridge and Riverview Park South), all three 
events inundate the infrastructure.

3. For all Class 1 locations, any increased depth resulting from a starting reservoir elevation of 745 
feet does not result in any additional loss of infrastructure use. 
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Class 2 Example

Wyandotte High School (ID 150)
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Class 2 Example

Wyandotte High School (ID 150)
◦ July 2007 event: 

◦ Inundated by 0.6 feet of water for July 2007 event if starting reservoir elevation is 742 feet.
◦ Inundation depth increases to 1.0 feet if starting reservoir elevation is 745 feet.
◦ Infrastructure location is inundated regardless of starting reservoir elevation.

◦ September 1993 event: inundated in either scenario (2.2 feet of depth vs 2.3 feet of depth)
◦ December 2015 event: inundated in either scenario (2.1 feet of depth vs 2.4 feet of depth).
◦ For all three inflow events, increasing the starting reservoir elevation from 742 feet to 745 feet does not 

result in additional loss of infrastructure use.
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Class 2 Summary

1. There is only one other Class 2 location: Hudson Creek Bridge. The bridge is inundated for all 
three inflow events.

2. For both Class 2 locations, any increased depth resulting from a starting reservoir elevation of 
745 feet does not result in any additional loss of infrastructure use.
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Class 3 Example

Twin Bridges State Park (ID 139)
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Class 3 Example

Twin Bridges State Park (ID 139)
◦ July 2007 event: 

◦ Inundated by 7.8 feet of water for July 2007 event if starting reservoir elevation is 742 feet.
◦ Inundation depth increases to 8.5 feet if starting reservoir elevation is 745 feet.
◦ Infrastructure location is inundated regardless of starting reservoir elevation.

◦ September 1993 event: inundated in either scenario (12.4 feet of depth vs 12.5 feet of depth)
◦ December 2015 event: inundated in either scenario (10.0 feet of depth vs 10.4 feet of depth).
◦ For all three inflow events, increasing the starting reservoir elevation from 742 feet to 745 feet does not 

result in additional loss of infrastructure use.
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Class 3 Summary

1. For the remaining Class 3 locations (Shawnee Branch Bridge, Fly Creek Bridge, Bernice State 
Park, Cherokee Seaplane Base, Wolf Creek Park, Grove Springs Park, and Bacon’s Heliport), all 
three events inundate the infrastructure. 

2. Bacon’s Heliport is unique because it is a floating structure. Depths reported in the 
Infrastructure Report for Bacon’s Heliport are based on DEM elevations.

3. For all Class 3 locations, any increased depth resulting from a starting reservoir elevation of 745 
feet does not result in any additional loss of infrastructure use.
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Conclusions
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Conclusions

1. Only 6% of infrastructure locations experience an appreciable increase in maximum inundation 
depth due to a starting reservoir elevation increase from 742 feet to 745 feet (PD datum).

2. All appreciable increases in maximum inundation depth occur during high-flow conditions when 
USACE controls flood control operations under the Flood Control Act of 1944, except when the 
time of maximum inundation depth is solely a function of  inflow event arrival time and not 
reservoir elevation.

3. Therefore, no additional impacts exist due to Project operation.
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Thank you



 
 
 

Attachment C 
Study Report Presentations 

October 13, 2021 



Grand River Dam Authority 
Initial Study Report Meeting

Pensacola Project (1494)
October 12-14, 2021



Housekeeping Items
•Meeting is being recorded
•Mute your lines 
•Utilize the “raise your hand” feature to ask a question
•If audio issues exist, please use the “chat” feature
•Participant discussion and dialogue are encouraged 
•Lunch will be from 12:00-1:00 PM
•If an individual study presentation finishes early, we will 
proceed with the next agenda item



Purpose of Meeting
•Describe GRDA’s overall progress in implementing its relicensing study plan

•Results for each study to date will be presented 

•A meeting summary will be filed with FERC by October 30, 2021

•The meeting summary will include only the meeting agenda and presentations

•All stakeholder comments must be submitted in writing 

•The deadline for filing all written comments or questions is November 29, 2021



Activity Responsible Party Commission Deadline

File Initial Study Report (ISR) GRDA September 30, 2021

Hold ISR meeting 
(meeting on study results and any proposals to modify study plan)

GRDA October 15, 2021

File ISR Meeting Summary GRDA October 30, 2021

File Meeting Summary Disagreements Stakeholders November 29, 2021

File Responses to Disagreements GRDA December 29, 2021

Commission Resolution of Disagreements (if necessary) FERC January 28, 2022

Second Field Season GRDA November 2021-September 2022

File Updated Study Report (USR) GRDA September 30, 2022

Hold USR Meeting GRDA October 15, 2022

File USR Meeting Summary GRDA October 30, 2022

File Meeting Summary Disagreements Stakeholders December 29, 2022

Commission Resolution of Disagreements (if necessary) FERC January 28, 2023

File Draft License Application (DLA) GRDA January 1, 2023
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Remaining Relicensing Study Schedule



Questions?
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Grand Lake 
Sedimentation Study
Initial Study Report
October 13th, 2021

Anchor QEA
Simons & Associates
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• Overview of study
• Water level monitoring
• Sediment sampling

– Grab samples
– SEDflume sampling
– Transport measurements

• Model development
– Planned procedure
– Hydraulic calibration
– Challenges
– Sediment calibration

Outline
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• Pensacola Hydroelectric Project going through FERC relicensing process
• Evaluate water levels throughout the watershed

• Upstream Hydrologic Model (UHM) developed as part of the H&H Study by Mead & Hunt
• Water level monitoring to calibrate UHM

• Evaluate overall trends and impacts of sedimentation
• Accumulation in reservoir affects flood storage
• Accretion/erosion in upstream reaches may affect future stream flows

• Sediment Transport model (STM) to evaluate sedimentation
• Requires additional inputs & field sampling

• Sediment parameters on streambeds
• Sediment inflow volumes

• Model will predict future deposition & erosion

Study Overview
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• Overview of study
• Water level monitoring
• Sediment sampling

• Grab samples
• SEDflume sampling
• Transport measurements

• Model development
• Planned procedure
• Hydraulic calibration
• Challenges
• Sediment calibration

Outline
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• Installed at 16 locations
• Dec 2016

Water Surface Monitors
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• Installed at 16 locations
• Dec 2016

• Retrieved
• Aug 2017
• Mar 2018
• Apr 2019
• Dec 2020

• Data gaps in some records
• Loggers washed away, vandalized
• Inaccessible due to high water levels

Water Surface Monitors
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• Overview of study
• Water level monitoring
• Sediment sampling

• Grab samples
• SEDflume sampling
• Transport measurements

• Model development
• Planned procedure
• Hydraulic calibration
• Challenges
• Sediment calibration

Outline
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• 62 surface sediment samples collected Dec 2019

• Results showed mix of gravel & cohesive material

Sediment Grab Sampling

Location Samples per 
Study Plan

Samples 
Collected

Neosho Upstream of Miami 2 3
Neosho Miami – Wyandotte 5 17
Neosho Downstream of Wyandotte 3 9
Tar Creek 10 13
Spring River 10 10
Sycamore Creek 0 1
Elk River 0 8
Horse Creek 0 1

TOTAL 30 62
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• Riverbed: Primarily gravel & sand
• Lakebed: Primarily silt & clay

Bed Material Analysis: Bimodal Distribution
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• Riverbed samples: primarily gravel with some sand
Bed Material Analysis
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Lakebed Material Size Gradation
• Lakebed samples: primarily silt and clay
Bed Material Analysis
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Clay Silt Sand
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• Neosho riverbed
• Grand Lake bed

Bed Material Analysis
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• Cohesive sediment requires additional information 
for modeling

• Critical shear stress
• No sediment transport below critical shear
• Non-cohesive sediment (sand, gravel, rocks)

• Based on density & grain size
• Constant throughout sediment layer
• Individual grains move independently

• Cohesive sediment (clay, silt)
• Based on cohesive forces
• Typically changes with depth due to 

consolidation
• Clumps of sediment may move together

Critical Shear
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• Box cores collected Mar 2020
• Not included in original plan

SEDflume Core Sampling
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• Box cores collected Mar 2020
• Not included in original plan

• Critical shear stress evaluations
• Core is placed in SEDflume
• Water flows over core surface at known 

shear stress
• Core raised into flume as it erodes
• Rate of erosion at specified shear 

recorded

SEDflume Core Sampling
Images from Integral 

Consulting
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SEDflume Test Results

Sample 
Depth 
[cm]

Median 
Grain Size 

[μm]

Wet Bulk 
Density 
[g/cm³]

Dry Bulk 
Density 
[g/cm³]

Loss on 
Ignition

τno
[Pa]

τ1
[Pa]

τc
Linear 
[Pa]

τc
Power 
[Pa]

Final 
τc

[Pa]
0.0 11.89 1.25 0.46 5.2% 0.2 0.4 0.24 0.25 0.25
5.3 11.78 1.39 0.70 5.0% 0.8 1.6 0.86 0.75 0.80
10.8 13.68 1.41 0.73 5.2% 0.8 1.6 0.86 0.74 0.80
15.6 13.54 1.4 0.78 5.2% 0.8 1.6 0.86 0.72 0.80
20.4 13.47 1.43 0.77 5.3% 1.6 3.2 1.84 1.73 1.73
MEAN 12.87 1.38 0.69 5.2% 0.84 1.68 0.93 0.84 0.88
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• USGS Gages
• Neosho near Commerce (E 60 Rd)
• Tar Creek near Commerce (Hwy 69)
• Spring near Quapaw (E 57 Rd)
• Elk near Tiff City, MO (Hwy 43) 

• Suspended Sediment Concentration (SSC)
• Periodically sampled
• Relationships between discharge and SSC
• Calculate approximate volume of sediment 

moving through system
• Gaps in USGS dataset

Sediment Transport Data
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• Locations of USGS Gages
• Follow USGS sampling guidelines
• SSC measurements

• Typically fines
• Bedload transport

• No bedload during flow conditions sampled

Sediment Transport Sampling
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• Filled data gaps in USGS records
• Fit relationship between discharge and 

sediment transport 

Sediment Transport vs. Discharge
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Neosho River near Commerce, OK
Daily Suspended Sediment Transport

USGS Anchor QEA Best Fit

Qss = 2.37 Qstream-1.25E-5 Qstream
2 -3.47E-12 Qstream

3
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• Overview of study
• Water level monitoring
• Sediment sampling

• Grab samples
• SEDflume sampling
• Transport measurements

• Model development
• Calibration/validation
• Hydraulic calibration
• Challenges
• Sediment calibration

Outline
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• Sediment Transport Model (STM)
• Three terrain datasets

• 1998 Bathymetry/topography
• From 1998 REAS information

• 2009 Bathymetry/topography
• Grand Lake: 2009 OWRB survey
• Upstream areas: 2017 USGS survey

• 2019 Bathymetry/topography
• Grand Lake: 2019 USGS survey
• Upstream areas: 2017 USGS survey

STM Development
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• Start with 1998 terrain
• Create sediment input files

• Based on field data, lab analyses

STM Calibration
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• Start with 1998 terrain
• Create sediment input files

• Based on field data, lab analyses
• Run model for 1998 – 2009

• Calibrate sediment 
erosion/deposition patterns to 
measured channel data

STM Calibration
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• Start with 1998 terrain
• Create sediment input files

• Based on field data, lab analyses
• Run model for 1998 – 2009

• Calibrate sediment 
erosion/deposition patterns to 
measured channel data

• Run model for 2009 – 2019
• Validate model predictions against 

measured channel data

STM Calibration
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• Match recorded Water Surface 
Elevation (WSE) data
• USGS gaging stations

• Neosho River
• Tar Creek
• Spring River
• Elk River
• Pensacola Dam

• High water marks
• Anchor QEA monitoring sites

STM Hydraulic Calibration
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• Elk River at Hwy 43 Bridge
• USGS gage WSE < 1998 riverbed

1998 Geometry Inconsistencies
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• Neosho River above Tar Creek
• Artificially smooth profile

1998 Geometry Inconsistencies
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• Neosho River, Upper Grand Lake
• 20-30 ft apparent elevation difference

1998 Geometry Inconsistencies
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• 1998 dataset is unreliable, not required under Study Plan
• Verified by point analysis of original datasets

• Calibrate 2009 geometry for hydraulics
• Matches geometry used for UHM

Addressing Inconsistencies
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• Model hydraulic calibration 
shows good agreement with 
USGS gages
– Average difference between 

simulated and recorded WSEs 
is 0.04 ft (model over-predicts 
WSE)

Hydraulic Correlation with USGS Gages
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• Average differences are:
+0.61 ft with July 2007 event
-0.47 ft for October 2009 event
+0.15 ft for December 2015 event

Comparison to measured HWM
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• Average differences are:
+0.10 ft for January 2017 event
-0.08 ft for April 2017 event

Comparison to Anchor QEA Loggers
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• Sediment calibration based on 2009 – 2019
• Primarily Grand Lake; lower reaches of Elk, Neosho
• Known stage-storage curves used to validate accumulation in reservoir

• Two methods to measure changes from 2009 – 2019
• Compare volume changes from 1998 – 2009

• USGS/USACE/OWRB stage-storage curves
• Terrain files

• Compare terrain data sediment accumulation in Grand Lake to erosion in upstream areas

Sediment Calibration
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• Using daily flow and sediment rating curves – compute sediment inflow over time
• Compare tonnage of sediment (converted to volume using sediment density) to change in reservoir 

storage
• Density issues (consolidation over time, compare to data)

Sediment Transport – Reservoir Storage
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HEC-RAS Testing
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HEC-RAS Testing
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• 1-D HEC-RAS STM is being calibrated for sediment transport metrics
• Sediment data (topographic information, stream discharge volumes, water surface elevations, and 

sediment parameters both in the lake and streambeds and moving through major tributaries) are 
being developed into input files for HEC-RAS

• Model calibration for sediment transport and deposition (based on change in geometry 2009-2019)
• Model calibration will be finalized by the end of 2021; study report to be updated at that time
• STM may be modified as necessary based upon relicensing participant comments
• STM will analyze effects under current operation and compare results to anticipated future operations
• Observed and predicted effects of sedimentation on the power pool will be described in the USR

Sediment Transport Analysis
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• Sediment calibration is ongoing
- Upstream hydrology uses historic hydrographs 2009 – 2019
- Downstream boundary uses historic water levels in Grand Lake 2009 - 2019
- Upstream boundary conditions for sediment inflow developed based on suspended 
sediment rating curves
- Development of bed material representing initial conditions considering wide 
range of size distributions in close proximity

Sediment Calibration
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Sediment Calibration
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• Calibration extents limited to 
overlap of:
– 2009 OWRB
– 2019 USGS
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Sediment Calibration
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Sediment Calibration
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• Sediment calibration is ongoing
- Sediment density
- Cohesive erosion parameters

Sediment Calibration
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Cohesive Sediment Density Summary:

Sediment Calibration
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Sediment Core
Min Dry Density Max Dry Density Mean Dry 

Density
(lb/ft3)

lb/ft3 % of 
Mean lb/ft3 % of 

Mean
Minimum 21.2 56.7% 43.7 105.4% 36.8

Mean 39.4 72.6% 61.7 118.5% 52.7
Maximum 76.2 90.0% 103.0 140.0% 93.0
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Sediment Calibration
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STM Calibration Steps
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• Upstream Q & Qss BC (done)
• Downstream WSE BC (done)
• Finalize initial condition sediment properties (in progress)
• Finalize cohesive erosion parameters (in progress)
• Calibration runs to finalize parameters
• Comparison to bathy change, Qss data, and other analyses
• Documentation of results
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Summary
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• Water level monitoring
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Summary
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• Water level monitoring
• Sediment sampling

– Grab samples
– SEDflume sampling
– Transport measurements
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• Water level monitoring
• Sediment sampling

– Grab samples
– SEDflume sampling
– Transport measurements

• Model development
– Planned procedure
– Hydraulic calibration
– Challenges
– Sediment calibration
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Recreation Facilities Inventory and Use 

Pensacola Hydroelectric Project
Project No. 1494

October 13, 2021
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Presentation Outline
1. Study Objectives and Schedule

2. Study Area

3. Methodology

4. Study Results

5. Discussion

6. Conclusions
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Study Objectives 
and Schedule
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Study Objectives
1. Characterize recreational use.

2. Estimate future public recreation demand.

3. Assess condition of GRDA’s FERC-approved recreation facilities.

4. Evaluate effects of continued operation on recreation (in Exhibit E of 
License Application).
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Schedule and Tasks
STUDY 
PERIOD

MAJOR TASKS

1 May through September 2020.
2 No Additional Study Activities.
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Study Area
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Study Area
Twenty (20) Recreation Sites (Located Around Reservoir)
o Five (5) FERC-approved sites.

o Big Hollow Public Access
o Duck Creek Bridge Access Area
o Monkey Island Public Boat Ramp
o Sea Plane Base Public Access
o Wolf Creek Public Access

o Nine (9) State Park sites.
o Bernice
o Disney
o Honey Creek
o Little Blue
o Twin Bridges Lower
o Twin Bridges Upper 
o Cherokee Main
o Cherokee Lakeside
o Cherokee Riverside

o Five (5) public access sites.
o Connors Bridge
o Council Cove
o Riverview Park
o Spring River
o Willow Park

o River channel sites (informal).
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Methodology
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Methodology Overview
1. Perform recreation observation surveys.

2. Perform recreation visitor use surveys.

3. Conduct facility condition assessment.

4. Evaluate Project operation effects (in Exhibit E of the License 
Application).
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Recreation Observation Surveys
1. Conducted May through September 2020.

2. Thirty (30) one-hour visits to each of the twenty (20) sites.
◦ Six (6) visits per month.

• Three (3) weekend visits.
• Three (3) weekday visits.

3. Bi-monthly surveys of river channel informal sites.
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Recreation Visitor Use Surveys
1. Conducted May through September 2020. 

◦ During recreation observation surveys.
◦ Required willing participant.

2. Electronic Questionnaire
◦ General use information.
◦ Resident or visitor.
◦ Purpose and duration of visit.
◦ Distance traveled.
◦ Day use or overnight lodging.
◦ History of site/visitation area.
◦ Types of recreation participation (primary, secondary, other).
◦ General satisfaction.
◦ Water level effects.
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Facility Condition Assessment
1. Conducted September 22 and 23, 2020.
2. FERC-Approved Sites.

◦ Big Hollow Public Access.
◦ Duck Creek Bridge Access Area.
◦ Monkey Island Public Boat Ramp.
◦ Sea Plane Base Public Access.
◦ Wolf Creek Public Access.

3. Inventory of amenities and available parking.
4. Assign a condition rating.

◦ N-needs replacement.
◦ R-needs repair.
◦ M-needs maintenance.
◦ G-good working condition.
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Project Operations Effects Review

1. Captured images of the usability of the recreation site during various water elevations.
2. Water Level Survey Questions.

◦ Safely Swimming
◦ Launching/Taking Out Boat
◦ Safely Boating
◦ Fishing Along Shoreline
◦ Accessing Shoreline
◦ Using Docks
◦ Scenic Quality
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Study Results
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Current Recreation Use-Visitors

Recreation sites with most users.
◦ Little Blue State Park.

• 2,674 visitors during surveys.

◦ Bernice State Park.
• 1,860 visitors during surveys.

◦ Honey Creek State Park.
• 1,026 visitors during surveys.

◦ Twin Bridges State Park (upper).
• 888 visitors during surveys.

◦ Cherokee Lakeside Sate Park.
• 859 visitors during surveys.
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Current Recreation Use-Vehicles

Recreation sites with most vehicles.
◦ Honey Creek State Park.

• 2,036 vehicles during surveys.

◦ Bernice State Park.
• 1,989 vehicles during surveys.

◦ Wolf Creek Park.
• 1,587 vehicles.

◦ Little Blue State Park.
• 1,454 vehicles.

◦ Twin Bridges State Park (upper).
• 1,168 vehicles.

0 300 600 900 1200 1500 1800 2100
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Recreation opportunities in the Project vicinity.
◦ Bank Fishing.
◦ Boat Fishing.
◦ Pleasure Boating.
◦ Water Crafting.
◦ Picnicking.
◦ Swimming.
◦ Sight-Seeing.
◦ Hunting or Hunting Access.

• Big Hollow, Honey Creek, Little Blue, Riverview Park, and River Channel Sites.

◦ Rafting.
◦ Wildlife Viewing.

• All sites. 

◦ Camping.
• State Parks.

Current Recreation Use-Opportunities
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Population Growth (2010-2020 U.S. Census)
Nowata County - (11.5%)
Wagoner County - 10.8%
Cherokee County - 0.2%
Adair County - (14.1%)
Sequoyah County - (7.3%)
Muskogee County - (6.6%)
Okmulgee County - (8.4%)
McIntosh County - (6.5)%
Ottawa County – (4.9%)

Total 4.5% growth over 2010-2019 
Socioeconomic Study: 40% growth by 2075

Future Recreation Demand-Population  

Craig County – (6.1%)
Delaware County – (2.6%)
Mayes County – (5.4%)
Tulsa County – 10.9%
Creek County – 2.3%
Rogers County – 9.6%
Pawnee County – (6.2%)
Osage County – (3.5%)
Washington County – 2.9%
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Facility Condition Assessment
1. Recommended Improvements.

◦ Big Hollow.
• Surface requires grading.
• FERC recreation sign missing.

◦ Duck Creek.
• FERC recreation sign missing.
• Steep drop sign needs to be replaced.

◦ Monkey Island.
• Repair/grade access road and ramp.
• FERC recreation sign missing.
• Conflicting entrance signage.

◦ Seaplane Base.
• Surface requires grading.
• FERC recreation sign missing.

◦ Wolf Creek.
• FERC recreation sign missing.

Grand Lake Area Recreation Site
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• Big Hollow 1 Lane - - - - - -

• Duck Creek 1 Lane - - - - - -

• Monkey Island 1 Lane - - - - - -

• Seaplane Base 1 Lane - - - - - -

• Wolf Creek 6 Lanes 2 Piers 4 Docks 1 Pavilion 6 Tables 1 Rest Room 7 Receptacles

Big Hollow boat launch ramp/lane rating = M, gravel needs grading.
Monkey Island boat launch ramp/lane rating = M, grade access drive.
Wolf Creek: each facility type provides barrier-free access.
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Recreation Visitor Use Surveys
Water Levels. 

◦ FERC-Approved Sites
• Not a problem (NP).
• Small problem (SP).
• Neither (N).
• Moderate problem (MP).
• Large problem (LP).
• No opinion/Not applicable (NA).

Interview Site Rating Criteria
Rating Scale Percentages

(some criteria may not add up to 100% due to rounding)

NP SP N MP LP NA

FERC-Approved Sites (12 interviewed visitors)

• Duck Creek
(1 Visitor)

Safely Swim 100%

Launch/Take Out Boat 100%

Safely Boat 100%

Fish Along Shoreline 100%

Access Shoreline 100%

Use Docks 100%

Scenic Quality 100%

• Monkey Island
(2 Visitors)

Safely Swim 50% 50%

Launch/Take Out Boat 50% 50%

Safely Boat 100%

Fish Along Shoreline 50% 50%

Access Shoreline 100%

Use Docks 100%

Scenic Quality 100%

• Seaplane Base
(3 Visitors)

Safely Swim 66% 34%

Launch/Take Out Boat 66% 34%

Safely Boat 100%

Fish Along Shoreline 100%

Access Shoreline 34% 66%

Use Docks 34% 66%

Scenic Quality 66% 34%

• Wolf Creek
(6 Visitors)

Safely Swim 83% 17%

Launch/Take Out Boat 50% 17% 17% 17%

Safely Boat 50% 17% 34%

Fish Along Shoreline 50% 17% 17% 34%

Access Shoreline 33% 17% 17% 17% 17%

Use Docks 17% 17%22 66%

Scenic Quality 33% 17% 50%
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Recreation Visitor Use Surveys
Water Levels. 

◦ State Parks
• Not a problem (NP).
• Small problem (SP).
• Neither (N).
• Moderate problem (MP).
• Large problem (LP).
• No opinion/Not applicable (NA).

Interview Site Rating Criteria
Rating Scale Percentages

(some criteria may not add up to 100% due to rounding)

NP SP N MP LP NA

State Park Sites (non-project) (129 interviewed visitors)

• Bernice
(23 Visitors)

Safely Swim 70% 9% 4% 4% 13%

Launch/Take Out Boat 30% 39% 4% 9%, 17%

Safely Boat 39% 43% 17%

Fish Along Shoreline 52% 4% 17% 26%

Access Shoreline 78% 9% 4% 9%

Use Docks 4% 4% 57% 4% 30%

Scenic Quality 87% 13%

• Disney
(6 Visitors)

Safely Swim 33% 67%

Launch/Take Out Boat 83% 17%

Safely Boat 83% 17%

Fish Along Shoreline 17% 83%

Access Shoreline 67% 17% 17%

Use Docks 17% 83%

Scenic Quality 100%

• Honey Creek
(13 Visitors)

Safely Swim 54% 8% 31% 8%

Launch/Take Out Boat 31% 46% 8% 8% 8%

Safely Boat 46% 46% 8%

Fish Along Shoreline 23% 8% 54% 8% 8%

Access Shoreline 31% 8% 38% 8% 15%

Use Docks 31% 8% 38% 8% 15%

Scenic Quality 69% 8% 15% 8%

• Little Blue
(18 Visitors)

Safely Swim 78% 6% 6% 11%

Launch/Take Out Boat 6% 11% 32% 6% 44%

Safely Boat 11% 6% 28% 6% 50%

Fish Along Shoreline 44% 6% 6% 44%

Access Shoreline 61% 11% 28%

Use Docks 6% 6% 33% 6% 50%

Scenic Quality 72% 28%
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Recreation Visitor Use Surveys
Water Levels. 

◦ State Parks (continued)
• Not a problem (NP).
• Small problem.
• Neither.
• Moderate problem.
• Large problem.
• No opinion/Not applicable.

Interview Site Rating Criteria
Rating Scale Percentages

(some criteria may not add up to 100% due to rounding)

NP SP N MP LP NA

State Park Sites (non-project) (129 interviewed visitors)

• Twin Bridges Lower
(17 Visitor)

Safely Swim 24% 29% 18%, 6% 24%

Launch/Take Out Boat 35% 6% 35% 12% 12%

Safely Boat 53% 35% 12%

Fish Along Shoreline 47% 12% 18% 6% 18%

Access Shoreline 41% 6% 12% 12% 29%

Use Docks 24% 6% 35% 6% 29%

Scenic Quality 59% 6% 12% 6% 18%

• Twin Bridges Upper
(7 Visitors)

Safely Swim 29% 43% 29%

Launch/Take Out Boat 29% 43% 29%

Safely Boat 29% 43% 29%

Fish Along Shoreline 14% 57% 29%

Access Shoreline 14% 57% 29%

Use Docks 14% 57% 29%

Scenic Quality 14% 29% 43% 14%

• Cherokee Main
(10 Visitors)

Safely Swim 70% 10% 20%

Launch/Take Out Boat 40% 10% 20% 30%

Safely Boat 30% 10% 20% 10% 30%

Fish Along Shoreline 40% 10% 30% 20%

Access Shoreline 70% 10% 20%

Use Docks 20% 40% 40%

Scenic Quality 60% 10% 30%

• Cherokee Lakeside
(16 Visitors)

Safely Swim 81% 13% 6%

Launch/Take Out Boat 31% 6% 44% 19%

Safely Boat 25% 44% 6% 25%

Fish Along Shoreline 31% 38% 31%

Access Shoreline 38% 19% 19% 25%

Use Docks 25% 44% 31%

Scenic Quality 63% 6% 6% 25%
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Recreation Visitor Use Surveys
Water Levels. 

◦ State Parks (continued)
• Not a problem.
• Small problem.
• Neither.
• Moderate problem.
• Large problem.
• No opinion/Not applicable.

Interview Site Rating Criteria

Rating Scale Percentages
(some criteria may not add up to 100% due to rounding)

NP SP N MP LP NA

State Park Sites (non-project) (129 interviewed visitors)

• Cherokee Riverside
(19 Visitors)

Safely Swim 21% 5% 37% 5% 32%

Launch/Take Out Boat 11% 42% 5% 42%

Safely Boat 11% 11% 42% 37%

Fish Along Shoreline 37% 11% 21% 5% 26%

Access Shoreline 32% 26% 16% 5% 21%

Use Docks 11% 42% 47%

Scenic Quality 53% 11% 11% 26%
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Recreation Visitor Use Surveys
Water Levels. 

◦ Other Access Sites
• Not a problem (NP).
• Small problem (SP).
• Neither (N).
• Moderate problem (MP).
• Large problem (LP).
• No opinion/Not applicable (NA).

Interview Site Rating Criteria
Rating Scale Percentages

(some criteria may not add up to 100% due to rounding)

NP SP N MP LP NA

Public Access Sites (non-project) (22 interviewed visitors)

• Connors Bridge
(6 Visitors)

Safely Swim 17% 33% 50%

Launch/Take Out Boat 17% 17% 50% 17%

Safely Boat 17% 50% 33%

Fish Along Shoreline 50% 17% 33%

Access Shoreline 67% 33%

Use Docks 50% 50%

Scenic Quality 67% 17% 17%

• Council Cove
(3 Visitors)

Safely Swim 33% 33% 33%

Launch/Take Out Boat 33% 33% 33%

Safely Boat 67% 33%

Fish Along Shoreline 33% 33% 33%

Access Shoreline 100%

Use Docks 100%

Scenic Quality 100%
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Recreation Visitor Use Surveys
Water Levels. 

◦ Other Access Sites
• Not a problem (NP).
• Small problem (SP).
• Neither (N).
• Moderate problem (MP).
• Large problem (LP).
• No opinion/Not applicable (NA).

Interview Site Rating Criteria
Rating Scale Percentages

(some criteria may not add up to 100% due to rounding)

NP SP N MP LP NA

Public Access Sites (non-project) (22 interviewed visitors)

• Riverview Park
(5 Visitors) 

Safely Swim 20% 20% 40% 20%

Launch/Take Out Boat 20% 20% 20% 40%

Safely Boat 40% 20% 40%

Fish Along Shoreline 60% 20% 20%

Access Shoreline 60% 20% 20%

Use Docks 40% 20% 40%

Scenic Quality 60% 20% 20%

• Spring River
(6 Visitors)

Safely Swim 17% 17% 17% 33% 17%

Launch/Take Out Boat 50% 17% 33%

Safely Boat 50% 17% 17% 17%

Fish Along Shoreline 83% 17%

Access Shoreline 67% 33%

Use Docks 50% 17% 33%

Scenic Quality 83% 17%

• River Channel Sites
(2 Visitors)

Safely Swim 50% 50%

Launch/Take Out Boat 50% 50%

Safely Boat 50% 50%

Fish Along Shoreline 50% 50%

Access Shoreline 50% 50%

Use Docks 50% 50%

Scenic Quality 50% 50%
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Recreation Site Pictures
Site Pictures Water Levels. 

◦ 742.2 Feet PD (lowest) to 748.29 Feet PD (highest)
• Elevation at Pensacola Dam.
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Discussion
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Recreation Site Capacity 
◦ Parking capacity is 

generally limiting for 
formal recreation sites

◦ Total 4.5% population 
growth (2010-2020)

7 The Wolf Creek smaller lot includes 85 trailer parking spaces. The expanded lot includes 208 spaces. Only those trailer parking spaces in the smaller lot are considered for capacity calculations.

Recreation Site Capacity
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Recreation Site Capacity 
◦ Parking capacity is 

generally limiting for 
formal recreation sites

◦ Total 4.5% population 
growth (2010-2020)

8Counting the boat launch trailer spaces (53) would skew the capacity results at Twin Bridge State Park Lower, as the primary recreation activity was camping.  Therefore, the calculation did not include the boat launch parking spaces.

Recreation Site Capacity (continued)
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Spring River Boat Launch

747.83 Feet PD 742.20 Feet PD
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Riverview Park Boat Launch

748.29 Feet PD 742.20 Feet PD
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Twin Bridges Boat Launch

748.29 Feet PD 742.20 Feet PD
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Connors Bridge Boat Launch

747.83 feet PD 742.20 Feet PD
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Wolf Creek Boat Launch

748.29 Feet PD 748.29 Feet PD
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Wolf Creek Boat Launch (continued)

748.29 Feet PD 747.83 Feet PD
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Wolf Creek Boat Launch (continued)

742.20 Feet PD 742.20 Feet PD
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Wolf Creek Boat Launch (continued)

742.20 Feet PD 742.20 Feet PD
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Honey Creek Boat Launch

748.29 Feet PD 742.20 Feet PD
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Disney Boat Launch

748.29 Feet PD 742.20 Feet PD
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Riverside Boat Launch

747.83 Feet PD 742.20 Feet PD
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Duck Creek Boat Launch

748.29 Feet PD 742.20 Feet PD
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Seaplane Base Boat Launch

748.29 Feet PD 742.20 Feet PD
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Bernice Boat Launch

748.29 Feet PD 748.29 Feet PD



44EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES

Bernice Boat Launch (continued)

742.20 Feet PD 742.20 Feet PD
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Conclusions
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1. All sites have adequate capacity for the foreseeable future.
◦ Exception:  Little Blue State Park parking capacity (increased capacity limited by topography).

2. No new recreation sites need to be established.

3. Most popular recreation activities.
◦ Camping, Shoreline Fishing, Boat Fishing, Boating, and Picnicking.

4. All FERC-approved recreation sites rated as good.
◦ Exception:  Monkey Island needs access road/parking work and signage work.

5. All boat launches accessible and usable at elevations of at least 742 feet PD.

6. Nine (9) of sixteen (16) boat launches are accessible at elevations exceeding 747 feet 
PD.

7. Most respondents indicated either no problem, a small problem, or neither regarding the 
effect of water levels on recreation.

Conclusions
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Thank you



SOCIOECONOMIC STUDY
THE GRAND RIVER DAM AUTHORITY—PENSACOLA PROJECT



Agenda
•Introduction

•Report Topics
• Land Use
• Population Trends
• Demography
• Housing Trends (Availability and Value)
• Economics (Study Area and GRDA)
• Income and Poverty
• Stakeholder Outreach
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•Summary



Introduction
The goal of GRDA’s socioeconomics study was to gather, 
synthesize, and report on existing information necessary 
to qualitatively evaluate the socioeconomic effects of the 
Pensacola Project in the study area.

The study area used for this evaluation is defined as a 
four-county area that includes Craig, Delaware, Mayes and 
Ottawa Counties, Oklahoma. 



Land Use
The Socioeconomic Study reviewed general land use trends, 
parks and recreational areas, and shoreline development.
Primary land use and land cover types in the four-county 
study area are agricultural and forest (approximately 86%).
◦ Developed areas cover approximately 6%.
◦ Land cover has seen minor changes between 2001 and 2019.
◦ Land cover adjacent to Grand Lake is primarily Deciduous 

Forest and Woody Wetlands.

There are five state parks and numerous privately operated 
facilities, boat launches, recreational vehicle sites, and 
wildlife areas.
◦ GRDA operates and maintains the Duck Creek Bridge Public 

Access Area, Seaplane Bass Public Access Area, Monkey Island 
Public Boat Ramp, Big Hollow Public Access, and Wolf Creek 
Public Access Area.

Development along the shoreline of Grand Lake primarily 
consists of residential, commercial, and limited agricultural 
lands. 

(Multi-Resolution Land Characteristic Consortium) 



Population Trends
The study evaluated population trends in the four-county area and the State of Oklahoma between 2000 to 
2020, and projected population out to 2075. 
The population of the four counties within the study area increased between 2000 and 2010; however, 
according to the latest census is now showing a decline from 2010 to 2020. 

The population in Oklahoma, by contrast, has had consistent increases between 2000 and 2020.

The projected population for 2075 show declining populations for Craig County; while Delaware, Mayes and 
Ottawa Counties and the State of Oklahoma are expected to have an increasing population trend. 

Characteristic
Craig 

County
Delaware 

County
Mayes 
County

Ottawa 
County

Oklahoma

2010 Population Total 
(Decennial)

15,029 41,487 41,259 31,848 3,751,351

2019 Population Total 
(Estimate)

14,142 43,009 41,100 31,127 3,956,971

2020 Population Total 
(Decennial)

14,107 40,397 39,046 30,285 3,959,353

2075 Population Total 
(Projection)

14,075 79,945 68,504 35,920 5,560,007



Demography

Characteristic Craig County
Delaware 

County
Mayes County Ottawa County Oklahoma

White 60.8% 62.9% 61.3% 63.9% 63.5%
Black or African American 2.7% 0.3% 0.5% 1% 7.3%
American Indian and Alaska Native 20.2% 21.5% 21.1% 18.8% 8.4%
Asian 0.5% 1.2% 0.5% 0.5% 2.3%
Native Hawaiian and Other Pacific 
Islander

0.02% 0.1% 0.1% 0.8% 0.2%

Some Other Race 1.1% 1.5% 1.1% 1.8% 5.4%
Two or More Races 14.6% 12.5% 15.5% 13.1% 12.8%
Hispanic or Latino 3.0% 4.0% 3.5% 5.6% 11.9%
Education – high school graduate or 
higher, % of persons aged 25 years+, 
2014–2018 estimate

86.6% 83.9% 86.6% 84.9% 87.8%



Housing Trends: Availability

(U.S. Census Bureau)

Name
2000 to 2010 
Change (%)

2010 to 2020 
Change (%)

Cr
ai

g 
Co

un
ty

Total Housing Units 4.1 -5.3
Occupied Units 1.1 -4.5
Vacancy Units 24.3 -9.4
Vacancy 2.5 -0.7

D
el

aw
ar

e 
Co

un
ty

Total Housing Units 10.1 -1.8
Occupied Units 8.3 3.8
Vacancy Units 13.6 -12.5
Vacancy 1.1 -3.7

M
ay

es
 

Co
un

ty

Total Housing Units 9.1 -4
Occupied Units 8.4 -5.3
Vacancy Units 13.2 3.5
Vacancy 0.6 1.2

O
tt

aw
a

Co
un

ty

Total Housing Units -4 -3.8
Occupied Units -6.3 -2.5
Vacancy Units 12.4 -11.2
Vacancy 2.2 -1.2

O
kl

ah
om

a Total Housing Units 10 4.8
Occupied Units 6.8 7.2
Vacancy Units 35.5 -9.5
Vacancy 2.6 -1.9

For Housing, the Socioeconomic Study evaluated 
both the availability and value of housing within 
the study area. 

Total housing, occupancy, and housing availability 
followed a similar trend as population in that it 
typically increased between 2000 to 2010 and 
decreased between 2010 and 2020.
◦ The one exception is Ottawa County where total 

housing and occupancy have been declining since 
2000.

The greatest change during this period occurred in 
the Vacancy Units Category, which typically 
showed an increase for all counties and the state 
between 2000 to 2010 and a decrease from 2010 
to 2020.
◦ The one exception is Mayes County, which saw a 

continued increase through 2020.



Housing Trends:  Value

(U.S. Census Bureau)

Both Median Housing Value and Median Rent 
showed an increasing trend through 2019 for 
the study area and the state.

Between 2000 and 2010, Craig County 
showed the greatest increase in Median 
House Value (67%) followed closely by Ottawa 
County at 66.7%.
◦ Mayes County had the greatest increase in 

Median Rent at 47.5% during this period.

Between 2010 and 2019, Delaware County 
had the greatest increase in Median Housing 
Value (27.6%), whereas Ottawa County had 
the greatest increase in Median Rent at 
30.2%.

Name 2000 ($) 2010 ($)
2000 to 2010 
Change (%)

2019 
Estimate 

($)

2010 to 2019 
Change (%)

Craig County

Median House Value ($) 52,100 87,000 67.0 109,000 25.3

Median Rent ($/month) 396 551 39.1 752 36.5

Delaware County

Median House Value ($) 81,900 92,400 12.8 117,900 27.6

Median Rent ($/month) 390 535 37.2 688 28.6

Mayes County

Median House Value ($) 66,500 89,200 34.1 112,800 26.5

Median Rent ($/month) 394 581 47.5 745 28.2

Ottawa County

Median House Value ($) 47,200 78,700 66.7 86,300 9.7

Median Rent ($/month) 355 520 46.5 677 30.2

Oklahoma

Median House Value ($) 70,700 111,400 57.6 147,000 32.0

Median Rent ($/month) 456 659 44.5 814 23.5



Economics: Study Area
The primary sectors of employment in the four-county area include government, agriculture and manufacturing.
◦ Craig – State and Local Government (19 %)
◦ Delaware – Agriculture (8.4 %)
◦ Mayes – Manufacturing (15.5 %)
◦ Ottawa – State and Local Government (35.2 %)

Other industries include retail, construction, real estate, health care, transportation, arts and entertainment, forestry and
utilities.

Total employment in the four-county area was 56,183 jobs in 2018.

Between 2014 and 2018, US Census Bureau reports show the percentage of population that contributed to the labor force 
ranged from approximately 56% for Mayes and Ottawa, Counties to about 48% for Delaware County.

(National Association of Counties, Oklahoma Department of Commerce

Characteristic Craig 
County

Delaware 
County

Mayes
County

Ottawa
County Oklahoma

2018 GDP $437 Million $781.9 Million $1.4 Billion $889.8 Million $190.8 Billion

Labor Force 
Population (%) 51.9 48.1 56.0 55.5 60.7



Economics: GRDA & Grand Lake
GRDA has provided multiple economic benefits to the study area and the state. 
◦ Between 2015 and 2020, the operations of GRDA is estimated to provide between $510 to $581 million to the state 

economy.
◦ GRDA supports over 7,100 jobs with 25% of those directly related to the Grand River Energy Center.

The Oklahoma Department of Commerce estimated economic impact of tourism, quality of life, and relative 
power costs are expected to contribute approximately $240–$260 million to the state between 2015 and 
2020.

In 2018, the Oklahoma Tourism and Recreation Department noted that total spending on recreational travel 
in the study area included:
◦ $18.0 million in Craig County, 
◦ $194.6 million in Delaware County, 
◦ $49.8 million in Mayes County, and 
◦ $337 million in Ottawa County. 

The construction of a new generation plant at the Grand River Energy Center in Mayes County is projected 
to generate an additional $210 million in additional economic activity within the first year of construction 
and another $214 million in the second year. 

(National Association of Counties, Oklahoma Department of Commerce



Income and Poverty
The Socioeconomic Study, Section 1.6, evaluated income and poverty for the four-county study area and the 
state of Oklahoma using the latest available data (2019).

The median household income for the four-county area ranged from $39,070 in Ottawa County to $48,853 in 
Mayes County.

The per capita Income for the four-county area ranged from $20,209 in Ottawa County to $23,861 in Mayes 
County.

According to the US Census, in 2019 the percentage of people living in poverty is consistently higher in the 
four-county study area than for the State of Oklahoma. 

(U.S. Bureau of Labor Statistics, U.S. Census Bureau)

2019 Characteristic Craig County
Delaware 

County
Mayes County

Ottawa 
County

Oklahoma

Poverty (Families) 12.9% 13.3% 14.1% 15.8% 10.8%
Poverty (Individual) 18.6% 18.3% 18.1% 20.7% 15.2%



Stakeholder Outreach
As outlined in the FERC-approved study plan, GRDA sent letters to 179 stakeholders to request input 
for the Socioeconomic Study.
◦ These included local, state and federal agencies, Tribal organizations and individuals, congressional 

delegations, non-governmental organizations, and interested public residents.

GRDA received responses from eight stakeholders:
◦ U.S. Bureau of Indian Affairs
◦ City Manager of Grove, Oklahoma
◦ United Keetoowah Band of Cherokees
◦ The State of Oklahoma
◦ America’s Boating Club, Grand Lake Commander
◦ City of Miami
◦ The Miami Tribe of Oklahoma
◦ Larry Bork et al.



Cumulative Impacts
The Socioeconomic Study’s cumulative impacts analysis evaluated potential compounding 
socioeconomic impacts associated with the continued operation of the Pensacola Hydroelectric 
Project during the proposed operating term with past, present, and reasonably foreseeable future 
actions. 

For the purposes of this analysis:
◦ past actions were those related to the resources at the time of hydropower plant licensing and construction or 

to the earliest date of available data, 
◦ present actions are those related to the resources at the time of current operation of the hydropower plant, 

and 
◦ future actions are considered to be those that are reasonably foreseeable through the end of hydropower 

plant operation. 

Findings:
◦ The continued operation of the Pensacola Hydroelectric Project is not anticipated to result in noticeable 

changes to land use trends, population, demography, and housing. 
◦ The Pensacola Project provides multiple economic benefits to the economy in the four-county study area by 

creating jobs and providing pathways for higher wages and assisting in the reduction of poverty.
◦ Thus, relicensing this site is not anticipated to have any cumulative socioeconomic impacts in conjunction with 

past, present and future actions.



Summary

GRDA and the Pensacola Hydroelectric Project will continue to benefit the employment and economics of 
the four-county study area through job opportunities, higher wages, and support of local tourism. 

The continued operations of the Pensacola Hydroelectric Project are anticipated to have no adverse 
socioeconomic impacts.



Questions / Discussion



Aquatic Species of 
Concern Study
PADDLEFISH SUB-STUDY
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Polyodon spathula, aka Spoonbill

Native to large rivers of eastern Oklahoma

Support a prominent snag fishery in Grand Lake 
and tributaries

Paddlefish angling has an estimated economic 
impact of 18.2 million dollars in Oklahoma

Grand Lake is a prominent Paddlefish fishery

ODWC Paddlefish Research Center

Paddlefish Background
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Planktivorous

Inhabit deep slow moving water in large rivers and 
associated lakes and reservoirs

Electrical receptors on rostrum assist in detecting 
zooplankton

Food is filtered from the water using specialized gill 
rakers

Large spring spawning aggregations in tributary rivers 
provide opportunities for snag anglers

Paddlefish Background
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Spawning occurs in large groups over hard substrates (e.g., cobble) in riverine environments 
◦ Oklahoma:  spawning peaks in late March and early April

Spawning is episodic and strongly tied to springtime pulse events
◦ Initiated by rising water levels and occurring during periods of high flow

Paddlefish spawn demersal eggs which adhere to the substrate
◦ Hard substrates such as gravel and cobble are considered key
◦ Eggs that fall on sand or silt may have reduced survival

Paddlefish Background
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1) Recruitment trends
◦ What factors influence recruitment?
◦ Age Paddlefish and examine annual recruitment in relation to environmental conditions
◦ 2009 Stock Assessment of the Grand Lake Paddlefish Population (Gordon 2009)

2) Spawning habitat
◦ Hard substrates are presumed to be critical
◦ Estimate spawning habitat by quantifying the amount of hard substrate inundated under various flow 

levels
◦ Benthic Habitat Mapping of Grand Lake Tributaries as it Relates to Paddlefish Recruitment (Schooley and 

O’Donnell 2016)

3) Where is most recruitment occurring?
◦ Using Dentary Bone Microchemistry to Identify Natal River… (Whitledge and Schooley 2019)

Previous Research on Grand Lake 
Paddlefish
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Schooley and O’Donnell 2016
Used consumer grade sonar to map hard 
substrates (e.g., cobble, gravel, bedrock) in the 
Spring and Neosho rivers upstream to the first 
barrier

◦ Soft substrates (H<0.386), hard substrates (H>0.386)

Estimated spawning habitat was simulated over a 
range of river stages

Predictive models were developed to estimate 
Proportional Habitat Availability (PHA) under 
different flow conditions in each tributary

Neosho River has greater value to Paddlefish 
recruitment than Spring River
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Whitledge and Schooley 2019
Geologic differences between the Neosho and Spring River watersheds result in differences 
between strontium:calcium (Sr:Ca) ratios

Sr:Ca ratios from center of dentary bone were used to infer natal river

775 Paddlefish analyzed from three year classes
◦ 87% were identified as Neosho River origin
◦ 7% Spring River origin
◦ Percentages differed among year classes, but Spring River-origin fish represented ≤ 10% in all three year 

classes sampled

Most recruitment happening in Neosho River
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Previous Research Summary
Paddlefish year-class recruitment is variable, and strongly tied to high springtime flows

Based on spawning substrates, the Neosho River demonstrates greater Proportional Habitat 
Availability (PHA) at lower river stages, and therefore has greater value for Paddlefish 
reproduction than the Spring River

Dentary bone microchemistry suggests Neosho River recruits dominate the population
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Paddlefish Sub-study
Estimate area of Paddlefish spawning substrate affected by 
project operations and the corresponding effect on Paddlefish 
recruitment

◦ Map data from ODWC’s Benthic Habitat Mapping of Grand Lake 
Tributaries as it Relates to Paddlefish Recruitment (Schooley and 
O’Donnell 2016)

◦ Examine relationship between Paddlefish spawning habitat and 
the Project
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Paddlefish Sub-study
Spatially explicit depth and hardness data from the above studies were provided by the study 
authors

Data compiled and formatted for use in GIS

Generated maps of Paddlefish spawning habitat within the Project Boundary

Quantified the amount of suitable spawning substrate within the Project Boundary in each river 
system
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Results
Table 5. Area of Paddlefish Spawning Substrate in Acres (ac) as Quantified by Schooley and 
O’Donnell (2016) in Relation to their Study Area and the Project.   

  Neosho 
River 

Spring 
River 

Overall 

Study Area (ac) 1,444 1,203 2,647 
Paddlefish Spawning Habitat (ac) 997 704 1,701 
Paddlefish Spawning Habitat within Project (ac) 696 493 1,189 
Percent of Paddlefish Spawning Habitat within Project  70% 70% 70% 
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Conclusions
Approximately 70% of Paddlefish spawning substrate in each river occurs within the Project 
Boundary.

Availability of Paddlefish spawning substrate increases in upstream areas which are minimally 
impacted by Project operations at high inflow conditions required for successful spawning.

The river/reservoir interface below the confluence of the Spring and Neosho rivers is used as a 
staging area in late winter and early spring as Paddlefish wait for high flow pulses to move 
upstream and begin spawning.

Previous research suggests Paddlefish recruitment success is strongly tied to hydrology and is 
best in years with extended high flow conditions during the spawning period in the Neosho River.

Occurrence of such events have a much greater influence on Paddlefish recruitment than 
reservoir levels, and therefore, no additional analysis is proposed.



Aquatic Species of 
Concern
SPECIES OF CONCERN SUB-STUDY
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Neosho mucket (Lampsilis rafinesqueana)

Rabbitsfoot (Quadrula cylindrica cylindrica)

Winged mapleleaf (Quadrula fragosa)

Neosho madtom (Noturus placidus)

Neosho smallmouth Bass (Micropterus dolomieu velox)

Species of Concern
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Brett Billings/USFWS
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Study Area
• Grand Lake in portions of Craig, Mayes, Delaware, and Ottawa counties, 

Oklahoma.

• Corresponds to those counties associated with the Hydrologic and Hydraulic 

(H&H) Study

• The study area extends upstream from Pensacola Dam:

- Neosho River to within approximately 3 miles of the Kansas state line,

- Spring River to within 6.5 miles of the Kansas state line,

- Elk River to the upstream to the Missouri state dictated by the H&H model,

- Tar Creek to just upstream of the U.S. Geological Survey (USGS) gage at 22nd 

Avenue Bridge,

- Bays/coves within Grand Lake associated with tributaries flowing into the 

lake.



Currently Found in Arkansas River System
◦ Neosho River, Spring River, Elk River

Historically observed in seventeen streams within Neosho, Illinois and 
Verdigris River Basins

Found in shallow riffles/runs in moderate to swift-moving water, but may 
use backwater habitat

Spawn in April-May

Female brood glochidia through August

Glochidial Host: Largemouth bass (Micropterus salmonides), smallmouth 
(Micropterus dolomieu) and spotted bass (Mocropterus punctulatus)

Neosho Mucket (Lampsilis rafinesqueana)
Background
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Endangered effective October 17, 2013 – listed wherever found

Critical habitat within Elk River in Oklahoma (Unit NM2)

Declining in Neosho River (last observed 2014)

Stable in Spring and Elk Rivers (last observed in 2017)

Neosho Mucket (Lampsilis rafinesqueana) 
Habitat and Conservation Status
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Known Locations 
of Neosho Mucket
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Summary of Current Data

Recent studies found no live or relic shell of federally listed mussels within or upstream of the project extent 
(EcoAnalyst 2018)

Surveys within Spring River from project boundary to state line did not identify live listed mussels.

No presence or absence data within Elk River portion of the GRDA project boundary.

◦ USFWS 5-year review suggested population might extend into Elk river within the project extent

Only One live Neosho Mucket found during bridge construction project (2014)

Phase II Recommendations

Conduct listed mussel survey within Elk River from confluence of Buffalo Creek upstream to Missouri State line

Neosho Mucket
Date Review & Phase II Recommendations



Found in the Verdigris, Illinois, and Little rivers

Historically observed in Verdigris, Neosho, Spring, Illinois, 
Blue, and Little rivers in Oklahoma

Found in rivers that have a moderate current and clear,shallow 
water with sand and gravel substrates

Spawn in May-June

Glochidial Host: Blacktail shiner (Cyprinella venusta), 
red shiner (Cyprinella lutrensis), bluntface shiner (Cyprinella camu
ra), cardinal shiner (Luxilus cardinalis), whitetail shiner 
(Cyprinella galctura), spotfin shiner (Cyprinella spiloptera), 
and bigeyed chub (Hybopsis amblops)

Rabbitsfoot Mussel (Quadrula cylindrica cylindrica)
Background
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Charles S Lewellen



Quadrula cylindrica cylindrica

Endangered effective October 17, 2013 – listed wherever found

Critical habitat in Spring River in Missouri (Unit RF1), and the Neosho River in central Kansas (Unit RF3)

Rabbitsfoot Mussel
Habitat and Conservation Status
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Rabbitsfoot Mussel 
Data Review & Phase II Recommendations
Summary of Current Data
Most recent studies found no live or relic shell of federally listed mussels within or upstream of the project extent (Eco 
Analyst 2017)
Surveys within Spring River from project boundary to state line did not identify live listed mussels.

No known occurrence data within the project area
Closest critical habitat - 25 miles upstream from the Project Area in Jasper County Missouri on the Spring River.
No live specimens have been found in Oklahoma segment of the river during recent surveys (EcoAnalysts 2018).
The five year (USFWS 2020b) acknowledges the Oklahoma segment of the river as historic range with no extant population.

Phase II Recommendations
No Surveys recommended



Within Oklahoma, currently found only in Little River

Historically found in Boggy, Kiamichi, Neosho, and Little rivers of 
Oklahoma

Found in streams with high water quality and sand, cobble,or 
rubble substrate, often in dense mussel beds with many mussel 
species

Fall tachytictic or short-term brooder

Glochidial Host: Channel catfish (Ictalurus punctatus), Blue catfish 
(Ictalurus furcatus)

Winged Mapleleaf (Quadrula fragosa)
Background
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USFWS/Midwest Region



Endangered effective June 20, 1991, endangered 
wherever found except experimental population

No critical habitat designated

Winged Mapleleaf
Habitat and Conservation Status
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Summary of Current Data

Recent studies found no live or relic shell of federally listed mussels within or upstream of the project extent 
(EcoAnalyst 2018)

Surveys within Spring River from project boundary to state line did not identify live listed mussels.

Sam Nobel Museum, Oklahoma State invertebrate collection department and ODWC indicate that no specimens have 
been previously found within the Neosho, Spring, and Elk Rivers or surrounding drainages leading up to the reservoir.

The only recognized population in Oklahoma is within the Little River which is 175 miles from the study area.

Phase II Recommendations
No additional studies recommenced

Winged Mapleleaf
Data Review & Phase II Recommendations



Native to the Illinois River, Neosho River, Cottonwood 
Creek, and Spring River in Oklahoma

Extant Oklahoma populations restricted to the 
Neosho River upstream from Grand Lake

Found in riffles and bar habitats with loose pebble and 
gravel substrate, moderate to high water velocities, and 
shallow depths

Neosho Madtom (Noturus placidus)
Background
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Noturus placidus

Threatened effective June 22, 1990 – listed wherever found

No critical habitat

Neosho Madtom
Habitat and Conservation Status
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Known Locations 
of Neosho Madtom



Summary of Current Data

Found in the drainages of the study area from 1969-2007

2016 – Last known survey near the project by OWRB

2007 - The closest collection point within the study area

Phase II Recommendations
Targeted sampling within the 20 mile stretch of the Neosho River from HWY 60 to the Craig/Ottawa County line in 
locations that contain riffles and moderate to low-velocity gravel bar habitats.

Neosho Madtom
Data Review & Phase II Recommendations
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Native to western extent of the Ozark Highlands ecoregion
◦ Spring River, Elk River, Neosho River, Spavinaw Creek, 

Spring Creek, Illinois River, Baron Fork, Sallisaw Creek, 
Lee Creek, Clear Creek, Mulberry River, Big Piney Creek, 
and the Illinois Bayou

Found in streams that have watersheds with coarse-textured 
soils

Constructs nests in fine sediment substrates and low water 
velocity

Neosho Smallmouth Bass (Micropterus dolomieu velox)
Background
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Missouri Department of Conservation



Oklahoma species of concern

Conservation would provide a “diversified portfolio” that would contribute to maintaining the overall adapt-
ability of Smallmouth Bass to future climate change or habitat-related stressors (Schindler et al. 2010)

No critical habitat

Neosho Smallmouth Bass
Habitat and Conservation Status
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Known Locations of Neosho 
Smallmouth Bass



Summary of Current Data

Records show smallmouth bass population present within the drainages of the study area

Identified as a genetically distinct subspecies of smallmouth bass (Stark and Echelle 1998, Tayler et al. 2018)

Known to occur in the Spring River, Elk River, Neosho River, Honey Creek, Spavinaw Creek, Spring Creek, 
Sycamore Creek, Illinois River, Baron Fork, Sallisaw Creek, Lee Creek, Clear Creek, the Mulberry River, Big Piney Creek, 
and the Illinois Bayou (Brewer and Long 2015, Taylor et. Al 2018).

Smallmouth bass from OWRB and the Sam Nobel Museum found within the study area not likely Neosho strain

ODWC sampling efforts (locations not disclosed), did not detect the Neosho subspecies of the smallmouth bass within 
this project area or surrounding drainages

Phase II Recommendations
No additional studies recommenced

Neosho Smallmouth Bass
Data Review & Phase II Recommendations

EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES



EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES

MUSSELS 
Neosho Mucket
Surveys within critical habitat in Elk River from Buffalo Creek 
to Missouri state line
Rabbitsfoot Mussel & Winged Mapleleaf
No additional surveys suggested

FISH
Neosho Madtom
Targeted sampling within the Neosho River from HWY 60 to 
the Craig/Ottawa County line
Neosho Smallmouth Bass
No additional surveys suggested

Conclusions



Terrestrial Species of Concern Study for the Pensacola Hydroelectric 
Project (Project; FERC [Federal Energy Regulatory Commission] No. 

1494); Craig, Delaware, Mayes and Ottawa Counties, Oklahoma
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Prepared For: Prepared By:



Study Period One, American Burying Beetle
 The American burying beetle (ABB) is 
currently listed as federally threatened.

 Six traps were placed across all suitable 
habitat types.

 The presence/absence survey ran from 
July 18, 2021, to July 23, 2021.

Weather parameters were valid during 
the survey.

 No American burying beetles were found 
during the survey.
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Trap Placement
 Traps were placed across the overall study area in 
consultation with United States Fish and Wildlife Service 
(USFWS) ABB lead biologist Kevin Stubbs.
 Traps have a 0.5-mile effective radius.
 Traps covered the range of suitable habitat types (native 
mixed prairie, forest, and mosaic habitat).
 Horizon used the upstream model extents provided by 
Mead & Hunt to select areas of significant terrestrial 
coverage within the potential area of effect.
 The H&H model has indicated that Project operation 
effects are limited to the Project boundary rather than the 
upstream model extents used for the 2021 survey.
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Study Period Two, American Burying Beetle
 The Revised Study Plan (RSP) calls for 
two years of presence/absence surveys.
 ABB surveys are imprecise in coverage 
(0.5-mile effective radius) and cannot be 
limited to the Project boundary.
 ABBs have been recorded to move 
approximately 10 km (6.2 miles) in 6 nights. 
Any potential ABB captures would not 
necessarily be indicative of ABB occupancy 
or typical use land within the Project 
boundary as opposed to luring into the area 
from potentially preferable, occupied habitat 
outside of the Project boundary.
 GRDA proposes to forego the second 
study period survey as the results may not 
accurately represent potential Project effects.
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Study Period One, Gray Bat
 Previous exit surveys support historical evidence 
that during high water or flood events during the 
maternity season, a maternity colony of the 
endangered gray bat vacates cave DL-2 (Beaver 
Dam Cave) – whose passage lies within the flood 
pool of Grand Lake – and migrates to an alternative 
cave.

 Complete inundation of the cave passage of DL-2 
occurs at about elevation 752 feet Pensacola Datum.

 In October 2008, a small existing alternate passage 
was minimally excavated and enlarged with additional 
enlargement completed in 2013.

 Post-inundation monitoring visits to the cave 
following a flood event in 2019 failed to give any 
indication that take had occurred as a result of 
inundation, and that the colony had successfully 
vacated to another location.

Table 1.  Records of highwater events where the elevation of Grand Lake exceeded 
elevation 750.00 feet PD from 2005-2019.   

At elevation 752 feet PD, the existing flyway inside cave DL-2 is completely inundated, preventing 
colony exit and re-entry. 

  
 Date Date Maximum  Total Effect on 

Year Beginning Ending Elevation 
(ft) Duration  Colony 

2011 27-Apr 28-Apr 750.80 2 days Successfully 
Vacated 

2011 25-May 26-May 751.71 2 days Successfully 
Vacated 

2015 27 May 22 June 754.89 27 days Successfully 
Vacated 

2017 30 April 25 May 754.77 26 days Successfully 
Vacated 

2019 14 May 15 July 755.02 63 days Successfully 
Vacated 
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If the results of the H&H Study indicate anticipated operations may impact cave DL - 2, the success 
of enlarging the alternative escape route for exiting bats in avoiding take will again be reviewed.

Study Period Two, Gray Bat
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Wetlands and Riparian Habitat Study for the Pensacola Hydroelectric 
Project (Project; FERC [Federal Energy Regulatory Commission] No. 

1494); Craig, Delaware, Mayes and Ottawa Counties, Oklahoma
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According to the approved study plan, GRDA has completed the following:
 Used the United States Fish and Wildlife Service (USFWS) National Wetlands 
Inventory (NWI) and GRDA’s Shoreline Management Plan (SMP) maps to identify, 
display, and describe the current composition of wetland communities within and 
adjacent to the study area. 
 Used that data to develop a Geographic Information System (GIS) database on the 
extent, classification, and plant community structure of wetland and riparian habitats 
within and adjacent to the study area.
 Used the GIS database to estimate the total acres of wetlands and riparian habitats 
that currently exist within the study area.
 For the purpose of initial review, Horizon used the Upstream Model extents provided 
by Mead & Hunt to clip habitat polygons to for acreage totals.

Study Period One
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Database Contents
The database displays 4,236.06 acres of 
riparian habitat types and 54,980.72 acres 
of wetland habitat types including:
 626.94 acres of Palustrine Emergent 
Wetlands
 752.04 acres of Palustrine Scrub-Shrub 
Wetlands
 8,328.6 acres of Palustrine Forested 
Wetlands
 45,273.14 acres of Open Water 
(including ponds, rivers and lakes)
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Database Analysis
Based upon results of the H&H Study, the 
second study period will determine Project 
effects, if any, including habitat changes in 
currently designated Wildlife Management 
Areas (WMAs). GRDA will:

 Apply updated Project boundary

 Overlay inundation maps generated by 
the Comprehensive Hydraulic Model 
(CHM)

 Identify extent, duration and seasonality 
of inundation occurring within the Project 
boundary.
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If it is determined, based on the results of the H&H Study, that anticipated operations 
impact wetlands in the Study area, GRDA will:

 Perform field verification of the cover-type maps.

 Ground truth any major deviations from preliminary wetland cover-type maps.

 Update database and wetland acreages accordingly.

The results of the field verification will allow GRDA to provide a more accurate estimate of 
the acreage of wetlands that may be potentially impacted by anticipated operation of the 
Project.

Database Analysis Continued
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ENVIRONMENT & INFRASTRUCTURE SOLUTIONS, INC.
CULTURAL RESOURCES PROGRAM

CULTURAL RESOURCES
INVESTIGATIONS AT
GRAND LAKE O’ THE
CHEROKEES, 2019-2021

GRAND RIVER DAM AUTHORITY (GRDA)
PENSACOLA HYDROELECTRIC PROJECT (FERC NO. 1494-438) 

Clockwise from top right: Fish hatchery; cave 
site; Will Tarrant (Seneca-Cayuga Nation) with 
Wood archaeologist; surface-find artifact

THADDEUS G. BISSETT, PH.D., RPA
WOOD E&IS SENIOR ARCHAEOLOGIST
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GRDA Pensacola Dam FERC Relicensing: Cultural Resources Study, 
Key Agencies / Organizations and Timeline

Take into account:

• Effects of Project operation / maintenance on historic / archeological
resources within APE that may be eligible for inclusion in National Register 
of Historic Places (NRHP).  

• Effects of Project operation / maintenance on properties of traditional 
religious and cultural importance to Native American Tribes within APE 
that may be eligible for inclusion in National Register. 

To facilitate, the Cultural Resources Working Group (CRWG) was created…

FERC Relicensing: Compliance with Section 106 of the 
National Historic Preservation Act (NHPA)
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GRDA Pensacola Dam FERC Relicensing: Cultural Resources Study, Key Agencies / 
Organizations and Timeline

• General consultation

• Discussion / review of cultural resources 
study plan, results, and resource 
management

• Planning activities

Cultural Resources Working Group (CRWG) membership:
• GRDA
• Tribal Historic Preservation Officers and Tribal Representatives of 23 Native American Tribes
• Oklahoma State Historic Preservation Office (SHPO)
• Oklahoma Archaeological Survey (OAS)
• Bureau of Indian Affairs (BIA)
• FERC representatives

Quarterly meetings for planning, 
review, consultation, and discussion

Additional communications and 
consultation as needed outside of 
quarterly meetings

Assist GRDA to address study objectives 

Forum for:
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Cultural Resources Study Objectives
Determine Project Boundary and Area of 
Potential Effect (APE)

Establish survey methods for identification 
of historic and cultural resources

Evaluate and establish archaeological site 
significance / status in consultation with 
CRWG

Develop inventory of Traditional Cultural 
Properties (TCPs) within Project Boundary 
(privileged information)

Maintain appropriate security regarding 
other potentially privileged site / resource 
location information

Timeline of CRWG Quarterly Meetings

• January 3, 2019
• March 27, 2019
• May 29, 2019
• September 4, 2019
• December 13, 2019
• March 26, 2020
• July 9, 2020
• September 29, 2020
• December 15, 2020
• March 23, 2021
• June 29, 2021
• October 14, 2021 (ISR Meeting)

All intended to help guide the process of cultural resource 
inventory and assessment / evaluation within the FERC-

approved Project Boundary
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PROJECT BOUNDARY / AREA OF POTENTIAL EFFECTS (APE) 
AND STUDY / SURVEY AREAS

• Approx. 57,600 ac. (23,310 ha) encompassed 
within Project boundary

• Generally, APE extends to 750-ft contour

• Pre-fieldwork study: 105 archaeological sites 
previously recorded within or in direct proximity 
to the Project APE

• 29 high-potential landforms (QALs); and

• ca. 60.4 linear miles of bluffline (high potential 
for caves / bluff shelters)
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PROJECT BOUNDARY / AREA OF POTENTIAL EFFECTS (APE) 
AND STUDY / SURVEY AREAS

• Approx. 57,600 ac. (23,310 ha) encompassed 
within Project boundary

• Generally, APE extends to 750-ft contour

• Pre-fieldwork study: 105 archaeological sites 
previously recorded within or in direct proximity 
to the Project APE

• 29 high-potential landforms (QALs); and

• ca. 60.4 linear miles of bluffline (high potential 
for caves / bluff shelters)
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PROJECT BOUNDARY / AREA OF POTENTIAL EFFECTS (APE) 
AND STUDY / SURVEY AREAS

• Approx. 57,600 ac. (23,310 ha) encompassed 
within Project boundary

• Generally, APE extends to 750-ft contour

• Pre-fieldwork study: 105 archaeological sites 
previously recorded within or in direct proximity 
to the Project APE

• 29 high-potential landforms (QALs); and

• ca. 60.4 linear miles of bluffline (high potential 
for caves / bluff shelters) Pre-Contact lithic artifact found on ground 

surface at previously recorded site
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PROJECT BOUNDARY / AREA OF POTENTIAL EFFECTS (APE) 
AND STUDY / SURVEY AREAS

• Approx. 57,600 ac. (23,310 ha) encompassed 
within Project boundary

• Generally, APE extends to 750-ft contour

• Pre-fieldwork study: 105 archaeological sites 
previously recorded within or in direct proximity 
to the Project APE

• 29 high-potential landforms (QALs); and

• ca. 60.4 linear miles of bluffline (high potential 
for caves / bluff shelters)

Alluvial deposition observed at QAL
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PROJECT BOUNDARY / AREA OF POTENTIAL EFFECTS (APE) 
AND STUDY / SURVEY AREAS

• Approx. 57,600 ac. (23,310 ha) encompassed 
within Project boundary

• Generally, APE extends to 750-ft contour

• Pre-fieldwork study: 105 archaeological sites 
previously recorded within or in direct proximity 
to the Project APE

• 29 high-potential landforms (QALs); and

• ca. 60.4 linear miles of bluffline (high potential 
for caves / bluff shelters)
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PROJECT BOUNDARY / AREA OF POTENTIAL EFFECTS (APE) 
AND STUDY / SURVEY AREAS

• Approx. 57,600 ac. (23,310 ha) encompassed 
within Project boundary

• Generally, APE extends to 750-ft contour

• Pre-fieldwork study: 105 archaeological sites 
previously recorded within or in direct proximity 
to the Project APE

• 29 high-potential landforms (QALs); and
• 12 islands > 2.0 ac within the APE 

• ca. 60.4 linear miles of bluffline (high potential 
for caves / bluff shelters)
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2019-2021: RELOCATE / REVISIT PREVIOUSLY RECORDED SITE LOCATIONS WITHIN PROJECT APE
• Determine accuracy of mapped site locations and 

sizes

• Assess site condition and integrity

• Additional testing to define size / depth of 
archaeological deposits

• Make recommendations of NRHP eligibility where 
possible

38 sites selected by Cultural Resources Working 
Group (CRWG) for priority evaluation and assessment

Revisit remaining sites (if possible) 
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2020-2021: ARCHAEOLOGICAL SURVEY OF HIGH-POTENTIAL AREAS

• Survey using standard 
archaeological field methods
• Shovel testing
• Pedestrian survey

• Determine area and vertical 
extent of archaeological 
materials

• Assess site integrity / 
condition / status

• Make recommendations, re: 
NRHP eligibility and need for 
additional testing
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2019-2021: BLUFFLINE / SHORELINE SURVEY FOR CAVES & ROCK- / BLUFF-SHELTERS

• Boat-based survey of shoreline and bluffs

• Done during leaf-off conditions, improve 
shoreline visibility

• Document locations and photograph

• No entry into potential shelters / caves due to 
safety and respect for / sensitivity of cultural 
deposits
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SEPTEMBER 2020: NRHP ELIGIBILITY TESTING OF 3 SITES

• Previously recorded sites:
• 34DL48
• 34MY220
• 34MY282

• Remote sensing to identify buried 
cultural deposits / features / 
possible burials

• Test unit excavation

• Bucket augering to depths 
unreachable by standard 
excavation
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2020: ARCHITECTURAL HISTORICAL ASSESSMENT OF ABOVE-GROUND STRUCTURES, BUILDINGS
AND OTHER ARCHITECTURAL RESOURCES WITHIN PROJECT APE
• Documentation of historical 

architectural resources

• Review of previous 
determinations and findings 
of significance

• Determine status / condition 
of existing resources

• Assess NRHP eligibility and 
significance of current and 
previously un-recorded 
resources



EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES

2019 – 2021: PREVIOUSLY RECORDED SITE
RECONNAISSANCE AND EVALUATION

38 Priority Sites selected by CRWG for initial 
reconnaissance

SITE TYPE COUNT
BLUFF- / ROCK-SHELTER / CAVE 14
VILLAGE SITE 8
OPEN HABITATION 8
POSSIBLE MOUND 4
CEMETERY 4

• 19 submerged beneath the lake
• 11 located outside the APE
• 1 tested and found to lack archaeological 

integrity
• 7 recommended potentially “at risk”

Archaeological testing at previously recorded site, Dec. 2019
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2019 – 2021: “AT RISK” PRIORITY SITES

Sites “at risk” primarily from:
• Erosion
• Recreational activity
• Looting and vandalism (potential, or observed)
Site Number Site Type(s) Potential / Active Threats

34DL24 Bluff Shelter Erosion, Recreational Activity 

34DL48
Bluff Shelter (not 
threatened); Open 

Habitation (threatened)

Erosion, Recreational Activity, Looting 
/ Vandalism

34DL104 Bluff Shelter Recreational Activity, Looting / 
Vandalism

34MY220 Open Habitation Erosion, Recreational Activity, Looting 
/ Vandalism

34MY282 Open Habitation Erosion
34OT9 Open Habitation Recreational Activity

34OT226 Bluff Shelter Looting / Vandalism, Recreational 
Activity

Recommendations to GRDA included:
• Protective measures
• Informational signage at public boat ramps
• GRDA Police monitoring of sites
• NRHP eligibility testing at 3 sites



EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES

2019 – 2021: “AT RISK” PRIORITY SITES

Priority Sites “at risk” primarily from:
• Erosion
• Recreational activity
• Looting and vandalism (potential, or observed)
Site Number Site Type(s) Potential / Active Threats

34DL24 Bluff Shelter Erosion, Recreational Activity 

34DL48
Bluff Shelter (not 
threatened); Open 

Habitation (threatened)

Erosion, Recreational Activity, Looting 
/ Vandalism

34DL104 Bluff Shelter Recreational Activity, Looting / 
Vandalism

34MY220 Open Habitation Erosion, Recreational Activity, Looting 
/ Vandalism

34MY282 Open Habitation Erosion
34OT9 Open Habitation Recreational Activity

34OT226 Bluff Shelter Looting / Vandalism, Recreational 
Activity

Recommendations to GRDA included:
• Protective measures
• Informational signage at public boat ramps
• GRDA Police monitoring of sites
• NRHP eligibility testing at 3 sites (done Sept 2020)
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2020 – 2021: OTHER PREVIOUSLY RECORDED SITES

Continued visits to other previously recorded sites 
within Project APE

Visits / attempted visits made to 100 sites (5 
remain for future effort)

STATUS / CONDITION COUNT
ELIGIBLE FOR NRHP 2
POTENTIALLY ELIGIBLE 11
NOT ELIGIBLE 2
DESTROYED 2
UNASSESSED 88

Unassessed:
• outside APE
• submerged
• could not relocate 

at mapped location

Additional work to assess NRHP eligibility is 
management option for sites listed as “potentially 
eligible.” Former location of site (outside APE and 

destroyed by development)
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2020 – 2021: PHASE I CULTURAL RESOURCES SURVEY

Phase I survey around Grand Lake: 
January of 2020 – March 2020 (COVID-delayed)

Continued, November 2020 – March 2021

Survey of QALs in early 2020
• 8 new sites recorded

Survey of QALs and Islands, late 2020 / early 2021
• 11 new sites recorded

Period / Site Type Count
Pre-Contact 13
Pre-Contact / 19th-20th Century 5
Cherokee Cemetery, 19th-20th 
Century 1

TOTAL NEW SITES 19
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2020 – 2021: PHASE I CULTURAL RESOURCES SURVEY

Site recommendations / management 
assessments:

Unassessed: 3 sites
• Sites at edge of APE, no landowner 

permission to follow site outside APE; or
• Necessary work for assessment not possible

Not eligible for NRHP: 4 sites
• Lack archaeological integrity

Potentially eligible for NRHP: 12 sites
• Sites appear to contain significant / intact 

archaeological deposits
• Sites have research potential

Looking out of Project APE 
from new site 34OT224

Buried soil(s) at new site 34OT227, 
pot. eligible / research potential
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2020 – 2021: PHASE I CULTURAL RESOURCES SURVEY

Bluff- / Rock-shelter and Cave Survey

• Boat-based visual inspection and survey of 
high-potential areas

• 83 areas, 60.4 linear miles:
• survey completed of 61 bluff areas

• 24 possible cave / bluff- / rock-shelter 
locations

• Unsurveyed areas (22 areas) planned for 
future field efforts
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SEPTEMBER 2020: PHASE II TESTING AT 3 SITES

Wood previously assessed 7 sites as “at risk”

Testing to determine NRHP eligibility
• 34DL48 (Site 1)
• 34MY220 (Site 2)
• 34MY282 (Site 3)

Geophysical survey: Magnetometer and soil 
resistivity

Test unit excavation: 1-x-1 m test units

Bucket augering (4” bucket) to reach 
deposits too deep to access with standard 
excavation methods
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Shallow and 
eroded soils

Artifacts redeposited 
in surface gravels

Test unit excavation indicated shallow and eroded soils, 
no intact archaeological deposits

34DL48 (terrestrial) recommended not eligible for NRHP
34DL48 (terrestrial) 

not eligible for NRHP

SEPTEMBER 2020: PHASE II TESTING AT 34DL48 (SITE 1)
Wood field team at work
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SEPTEMBER 2020: PHASE II TESTING AT 34MY220 (SITE 2)
Intact features at depths up to 
120 cm below surface

Late Archaic tool from 
feature, ca. 120 cm deep

POTTERY RECOVERED

Bucket augering indicated 
archaeological  deposits 
present at up to 4.5 m 
(14.8 ft) below surface

34MY220 recommended 
eligible for NRHP

Completed 
excavation 

unit
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Intact features at 
depths up to
60 cm below 
surface

Projectile points 
indicate multiple time 
periods represented

Bucket augering shows 
archaeological deposits up to 3 m 
(10 ft) deep

34MY282 recommended 
eligible for NRHP

SEPTEMBER 2020: PHASE II TESTING AT 34MY282 (SITE 3)
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Surveyed 22 above-ground architectural resources:
• 17 previously recorded structures, buildings, and bridges
• 5 newly surveyed bridges

SEPTEMBER 2020: ARCHITECTURAL HISTORICAL SURVEY
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No change to NRHP eligibility of Pensacola Dam Historic 
District or Splitlog Church and Cemetery

SEPTEMBER 2020: ARCHITECTURAL HISTORICAL SURVEY

Pensacola Dam Historic District Splitlog Church/Cayuga Mission 
Church and Cemetery
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NRHP-eligible bridges demolished / 
replaced by OKDOT in 2017 and 2018

SEPTEMBER 2020: ARCHITECTURAL HISTORICAL SURVEY

Stepps Ford Bridge 
(demolished 2017)

Spring River Bridge 
(demolished 2018)

No other bridges, 
buildings, or other 
structures identified as 
NRHP eligible within the 
Project APE
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FURTHER WORK / CONCLUDING REMARKS

Remaining work effort within 
Project APE includes:
• Revisitation and assessment 

of 5 previously recorded sites

• Complete survey of 3 QALs 
and other areas not yet 
surveyed

• Consult with GRDA and 
CRWG regarding further 
archaeological testing / work 
at sites recommended as 
potentially eligible

A typical morning view…
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