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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-P-R (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 
 
Ms. Tonya Dunn 
U.S. Army Corps of Engineers 
2488 East 81st Street 
Tulsa, OK 74137 
tonya.n.dunn@usace.army.mil 
 
Mr. Greg Estep 
U.S. Army Corps of Engineers 
2488 East 81st Street 
Tulsa, OK 74137 
gregory.estep@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 
 
Mr. Mike Love 
U.S. Army Corps of Engineers 
2488 East 81st Street 
Tulsa, OK 74137 
michael.s.love@usace.army.mil 
 
Mr. Steve Nolen 
U.S. Army Corps of Engineers 
2488 East 81st Street 
Tulsa, OK 74137 
stephen.l.nolen@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. Johnny Bell 
FERC Hydropower Coordinator 
U.S. Army Corps of Engineers 
2488 East 81st Street 
Tulsa, OK 74137 
johnny.l.bell@usace.army.mil 
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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 
Environmental Protection Specialist 
U.S. Bureau of Indian Affairs 
PO Box 8002 
Muskogee, OK 74401 
mosby.halterman@bia.gov 
 
Ms. Allison Ross 
Division Director 
U.S. Bureau of Indian Affairs 
Eastern Regional Office  
PO Box 8002 
Muskogee, OK 74401 
allison.ross@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 
U.S. Bureau of Indian Affairs 
Eastern Oklahoma Regional Office 
Division of Environmental & Cultural 
Resource Management 
PO Box 8002 
Muskogee, OK 74401 
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 
 
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. Kimeka Price 
NEPA Project Manager 
U S Environmental Protection Agency 
Region 6 
Fountain Place 
1445 Ross Avenue 
Dallas, TX 75202-2760 
price.kimeka@epa.gov 
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Mr. Ken Collins 
U.S. Fish and Wildlife Service 
9014 E 21st Street 
Tulsa, OK 74129-1428 
ken_collins@fws.gov 
 
Ms. Jonna Polk 
U.S. Fish and Wildlife Service 
9014 E 21st Street 
Tulsa, OK 74129-1428 
jonna_polk@fws.gov 
 
Mr. Kevin Stubbs 
Field Supervisor 
U.S. Fish and Wildlife Service 
9014 E 21st Street 
Tulsa, OK 74129-1428 
kevin_stubbs@fws.gov 
 
Chief Tony Tooke 
U.S. Forest Service 
1400 Independence Avenue, SW 
Washington, DC 20250 
ttooke@fs.fed.us 
 
Dr. William Andrews, Director 
U.S. Geological Survey 
Oklahoma Water Science Center 
202 NW 66th Street, Building 7 
Oklahoma City, OK 73116 
wandrews@usgs.gov 
 
Acting Chief Leonard Jordan 
U.S. Natural Resources Conservation 
Service 
1400 Independence Avenue, SW Room 
5105-S 
Washington DC 20250 
Leonard.Jordan@wdc.usda.gov 
 
Sue Masica 
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 
 
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 
 
Ms. Deby Snodgrass 
Executive Director 
Secretary of Commerce and Tourism 
Oklahoma Department of Commerce 
900 North Stiles Avenue 
Oklahoma City, OK 73104 
deby.snodgrass@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 
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Mr. Tim Rhodes * 
Director of Administration 
Oklahoma Corporation Commission 
2101 North Lincoln Boulevard 
Oklahoma City, OK 73105 
 
Mr. Jim Reese 
Commissioner 
Oklahoma Department of Agriculture 
Food and Forestry 
2800 North Lincoln Boulevard, Suite 100 
Oklahoma City, OK 73105 
jim.reese@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 
 
Mr. Charles Kerns 
Oklahoma Office of Emergency 
Management 
PO Box 53365 
Oklahoma City, OK 73152-3365 
charles.kerns@oem.ok.gov 
 
Ms. Valauna Grissom 
Secretary 
Oklahoma Department of Health 
1000 NE 10th Street 
Oklahoma City, OK 73117 
VaLaunag@health.ok.gov 
 
Mr. Mike Patterson 
Executive Director 
Oklahoma Department of Transportation 
200 NE 21st Street 
Oklahoma City, OK 73105 
mpatterson@odot.org 

Mr. Dick Dutton * 
Executive Director 
Oklahoma Tourism and Recreation 
Department 
900 North Stiles Avenue 
Oklahoma City, OK 73104 
 
Ms. Janet Logan 
State Parks and Resorts 
Oklahoma Tourism and Recreation 
Department 
900 North Stiles Avenue 
Oklahoma City, OK 73104 
Janet.Logan@travelOK.com 
 
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. JD Strong 
Director 
Oklahoma Department of Wildlife 
Conservation 
PO Box 53465 
Oklahoma City, OK 73152 
jd.strong@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 
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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. Alan Peoples 
Chief of Wildlife Division 
Oklahoma Department of Wildlife 
Conservation 
PO Box 53465 
Oklahoma City, OK 73152 
alan.peoples@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. Bruce Burton 
NE Region Wildlife Supervisor 
Oklahoma Department of Wildlife 
Conservation 
9097 N 34th Street West 
Porter, OK 74454 
bruce.burton@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. Catharine Wood 
Historical Archaeologist/Section 106 
Coordinator 
Oklahoma Historical Society 
800 Nazih Zuhdi Drive 
Oklahoma City, OK 73105-7917 
cwood@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. Kent Wilkins 
Planning and Management Division  
Oklahoma Water Resources Board 
3800 North Classen Boulevard 
Oklahoma City, OK 73118 
kent.wilkins@owrb.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 
 
Mr. Luke Tallant * 
Office of State Fire Marshal 
2401 NW 23rd Street, Suite 4 
Oklahoma City, OK 73107 
 
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 
 
Chairman Bobby Komardley * 
Apache Tribe of Oklahoma 
511 E Colorado  
Anadarko, OK 73005 
 
Chairman Tamara Francis-Fourkiller 
Caddo Nation of Oklahoma 
PO Box 487 
Binger, OK 73009 
tffourkiller.cn@gmail.com 
 
Mr. Phil Cross 
Acting Tribal Historic Preservation Officer 
Caddo Nation 
PO Box 487 
Binger, OK 73009 
pcross@caddonation.org 
 
Chief Bill John Baker * 
Cherokee Nation 
PO Box 948 
Tahlequah OK 74465 
 

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. Kim Penrod 
Director, Cultural Resources/106 
Delaware Nation 
31064 State Highway 281 
PO Box 825 
Anadarko, OK 73005 
kpenrod@delawarenation.com 
 
Ms. Deborah Dotson 
President 
Delaware Nation 
PO Box 825 
Anadarko, OK 73005 
ddotson@delawarenation.com 
 
Chief Chester Brooks 
Delaware Tribe of Indians 
170 NE Barbara 
Bartlesville OK 74006 
cbrooks@delawaretribe.org 
 
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 
12755 South 705 Road 
Wyandotte, OK 74370 
gjwallace@estoo.net 
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Mr. Brett Barnes 
Tribal Historic Preservation Officer 
Eastern Shawnee Tribe of Oklahoma 
12705 East 705 Road 
Wyandotte, OK 74370 
bbarnes@estoo.net 
 
Chairman Bobby Walkup * 
Iowa Tribe of Oklahoma 
335588 E 750 Road 
Perkins, OK 74059 
 
Ms. Renee Hagler * 
Acting Tribal Administrator 
Iowa Tribe of Oklahoma 
335588 E 750 Road 
Perkins, OK 74059 
 
Chairman Matthew Komalty 
Kiowa Tribe of Oklahoma 
100 Kiowa Way  
Carnegie, OK 73015 
admin@kiowatribe.org 
 
Ms. Regina Gasco-Bentley * 
Little Traverse Bay Bands of Odawa Indians 
7500 Odawa Circle 
Harbor Springs, MI  49740 
 
Chief Douglas G. Lankford 
Miami Tribe of Oklahoma  
PO Box 1326 
Miami, OK 74354 
dlankford@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 James Floyd 
Muscogee (Creek) Nation 
PO Box 580 
Okmulgee, OK 74447 
jfloyd@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 
 
Mr. James Munkres 
Archaeologist  
Osage Nation Historic Preservation Office 
627 Grandview Avenue 
Pawhuska, OK 74056 
jmunkres@osagenation-nsn.gov 
 
Dr. Andrea Hunter 
Osage Nation Historic Preservation Office  
627 Grandview Avenue 
Pawhuska, OK 74056 
ahunter@osagenation-nsn.gov 
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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@cableone.net 
 
Ms. Rhonda Hayworth 
Tribal Historic Preservation Officer 
Ottawa Tribe of Oklahoma 
PO Box 110 
Miami, OK 74354 
rhonda.oto@gmail.com 
 
Chief John Froman 
Peoria Tribe of Oklahoma 
118 South Eight Tribes Trail 
Miami, OK 74354 
jfroman@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 John Berrey * 
Quapaw Tribe of Oklahoma 
PO Box 765 
Quapaw, OK 74363  
 
Mr. Everett Bandy 
Quapaw Tribe of Oklahoma 
PO Box 765 
Quapaw, OK 74363 
ebandy@quapawtribe.com 

Chief Kay Rhoads * 
Sac and Fox Nation of Oklahoma 
920883 S Hwy 99, Building A 
Stroud, OK 74079 
 
Sandra Kay Massey 
Historic Preservation Program 
Sac and Fox Nation of Oklahoma 
920883 S Hwy 99, Building A 
Stroud, OK 74079 
carol.butler@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 
  
Mr. Rick Dubois 
Environmental Director 
Seneca-Cayuga Nation 
PO Box 453220 
Grove, OK 74345-3220 
rdubois@sctribe.com 
 
Mr. Micco Emarthla 
Environmental Specialist 
Seneca Cayuga Nation 
PO Box 453220 
Grove, OK 74345-3220 
memarthla@sctribe.com 
 
Chief Ron Sparkman 
Shawnee Tribe of Oklahoma 
PO Box 189 
Miami, OK 74354 
rondede1@gmail.com 
 
Ms. Jodi Hayes * 
Tribal Administrator 
Shawnee Tribe of Oklahoma 
PO Box 189 
Miami, OK 74355 
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President Russell Martin * 
Tonkawa Tribe of Oklahoma 
1 Rush Buffalo Road 
Tonkawa OK 74653  
 
Chief Joe Bunch* 
United Keetoowah Band of Cherokees 
PO Box 746 
Tahlequah, OK 74465 
 
Mr. Eric Oosahwee-Voss * 
Tribal Historic Preservation Officer 
United Keetoowah Band of Cherokees 
PO Box 1245 
Tahlequah, OK 74465 
 
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 Jim Bridenstine 
216 Cannon House Office Building 
Washington DC 20515 
joseph.kaufman@mail.house.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 Wayne Shaw 
Oklahoma State Senate, District 3 
2300 North Lincoln Boulevard, Room 325 
Oklahoma City, OK 73105 
shaw@oksenate.gov 
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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 Chuck Hoskin 
House of Representatives, District 6 
2300 North Lincoln Boulevard, Room 509 
Oklahoma City, OK 73105 
chuck.hoskin@okhouse.gov 
 
The Honorable Ben Loring 
House of Representatives, District 7 
2300 North Lincoln Boulevard 
Oklahoma City, OK 73105 
ben.loring@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 Mary Fallin* 
Governor of Oklahoma 
2300 North Lincoln Boulevard, Suite 212 
Oklahoma City, OK 73105 
 
The Honorable Michael Teague 
Secretary of Energy and Environment 
204 North Robison, Suite 1010 
Oklahoma City, OK 73102 
ee@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 Rudy Schultz 
City of Miami 
PO Box 1288 
Miami, OK 74355 
rschultz@miamiokla.net 
 
Mr. Dean Kruithof 
City Manager 
City of Miami 
PO Box 1288 
Miami, OK 74355 
dean@miamiokla.net 
 
Carlos Gutierrez 
Davis Wright 
1251 Avenue of the Americas 21st Floor 
New York, NY 10020 
cgutierrez@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 
 
Ms. Alicia Hogan 
Public Works Director 
City of Miami  
PO Box 1288 
Miami, OK 74355 
ahogan@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. Mike Fitzpatrick 
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 
 
Cambra Fields 
District Conservationist 
Craig County Conservation District 
235 West Hope Avenue 
Vinita, OK 74301-1302 
cambra.fields@ok.usda.gov 
 
Mr. Doug Smith 
Delaware County Commissioner 
District 1 
2001 Industrial 10 RD 
Grove, OK 74344 
delcohwy@groveemail.com 
 

Mr. Russell Martin 
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 
 
Mr. Robert Real 
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 
 
Mr. Jonas Rabel 
Administrator 
Integris Health Center 
200 2nd Avenue SW 
Miami, OK 74354 
jonas.rabel@integrisok.com 
 
Ms. Jill Lambert 
Ketchum Public Works Authority 
PO Box 958 
Ketchum, OK 74349 
jclabornkpwa@wavelinx.net 
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Mr. Kevin Whiteside 
Mayes County Commissioner 
District 1 
One Court Place, Suite 140 
Pryor, OK 74361 
kwhiteside@mayes.okcounties.org 
 
Ms. Meredith Frailey* 
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 
mayes3@sstelco.com 
 
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 
 
Mr. Steve Gilbert 
Director 
Miami Regional Chamber of Commerce 
11 South Main 
Miami, OK 74354 
sgilbert@miami-ok.org 
 
Mr. Brian Forrester 
Council Member 
NE Ward 1 
PO Box 1288 
Miami, OK 74355-1288 
bforrester@miamiokla.net 

Mr. Doug Weston 
Council Member 
NE Ward 2 
PO Box 1288 
Miami, OK 74355-1288 
dweston@miamiokla.net 
 
Mr. Neal Johnson 
Council Member 
SW Ward 3 
PO Box 1288 
Miami, OK 74355-1288 
njohnson@miamiokla.net 
 
Ms. Vicki Lewis 
Council Member 
SE Ward 4 
PO Box 1288 
Miami, OK 74355-1288 
vlewis@miamiokla.net 
 
Mr. Joe Dan Morgan 
Ottawa County Emergency Management 
Certified Floodplain Manager  
123 East Central Ave., Suite 103 
Miami, OK 74354 
ocem.morgan@yahoo.com 
 
Chairman John Clarke 
Ottawa County Commissioner 
District #1 
102 East Central Avenue, Suite 202 
Miami, OK 74354 
ottawacountyd1@sbcglobal.net 
 
Mr. Gary Wyrick 
Ottawa County Commissioner 
District #2 
310 West Walker 
Wyandotte, OK 74370 
ottawa.dist2@yahoo.com 
 
Mr. Russell Earls 
Ottawa County Commissioner 
District #3 
102 East Central Avenue, Suite 202 
Miami, OK 74354 
rearls@ruralinet.net 
 





 

14 

Mr. Jay Pruett 
Director of Conservation 
The Nature Conservancy 
10425 S 82nd E Avenue, Suite 104 
Tulsa, OK 73133 
jpruett@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. Clayton Garner 
Cherokee Grove Golf at Carey Bay 
519 Quail Run Road 
Grove, OK 74344 
cghg@msn.com 
 
Grand Bluffs Development * 
32922 Pebble Beach 
Afton, OK 74331 
 
Mr. Justin May 
Shangri-La Management 
31000 South Highway 125 
Afton, OK 74331 
justin.may@shangrilaok.com 
 
Mr. Robert Steinkirchner 
Spinnaker Point, Manager 
450779 East 341 Road 
Afton, OK 74331 
spinnptmgr@aol.com 
 

Mr. Kent Stewart 
Shoreline, LLC 
PO Box 6586 
Grove, OK 74344 
kent@patriciaisland.com 
 
Mr. Eric Grimshaw 
Spinnaker Point Estates 
2639 E 33rd Place 
Tulsa, OK 74105 
egrimshaw@oneok.com 
 
Mr. Bruce Hensley 
Tera Miranda Shores Inc. 
28251 South 561 Road 
Monkey Island, OK 74331 
bruce@handhconstruction.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. Jeffrey Hale 
President 
Northeastern Oklahoma A & M College 
200 I Street NE 
Miami, OK 74354 
jhale@neo.edu 
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Mr. Mark Rasor 
Vice President for Business 
200 I Street NE 
Miami OK 74354 
mrasor@neo.edu 
 
Mr. Steve Stephens 
General Counsel 
OSU-A&M College Board of Regents 
2800 N Lincoln Blvd 
Oklahoma City, OK 74105 
steve.stephens@okstate.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 
 
Grand Seaplanes, LLC * 
5200 South Chestnut Avenue 
Broken Arrow, OK 74011 
 
Anglers in Action * 
PO Box 803 
High Ridge, MO 63049 
Grand Lake Association & Visitor Center * 
9630 Highway 59 N, Suite B 
Grove, OK 74344 
 
Rusty Fleming * 
Executive Director 
Grand Lakers United Enterprise 
PO Box 1 
Langley, OK 74350 
 
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 
 
Director Michele Bolton 
Miami Area Chamber of Commerce 
103 East Central Avenue, Suite 100 
Miami, OK 74354 
michele@miamiokchamber.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. Charlie Russell 
General Manager 
Cherokee Yacht Club Marina 
PO Box 600 
Ketchum, OK 74349 
charlie.russell@cherokeeyachtclub.com 
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Mr. Gary Stuart 
Manager 
Port Carlos 
PO Box 780 
Ketchum, OK 74349 
gary.stuart@portcarlos.com 
 
Mr. Joe Harwood 
Owner 
Arrowhead Yacht Club (North & South) 
PO Box 600 
Ketchum, OK 74349 
joeharwood@aol.com 
 
Mr. Mike Whorton 
Owner 
Clearwater Bay Marina 
PO Box 219 
Disney, OK 74340 
clearwaterbay@grand.net 
 
Ms. Judy Florida 
General Manager 
Harbors View Marina 
451107 East 320 Road 
Afton, OK 74331 
jflorida@shmarinas.com 
 
Mr. Jeff Rose 
Regional Manager 
Safe Harbor Marinas 
14785 Preston Road, Suite 975 
Dallas, TX 75254 
jrose@shmarinas.com 
 
Mr. Jason Macer 
Manager 
Thunder Bay Marina LLC 
450780 Thunder Bay Road 
Afton, OK 74331 
jason.m@uglyjohns.com 
 
Mr. Jerry Cookson 
Manager 
Cedar Port Marina 
PO Box 600 
Ketchum, OK 74349 
jerry.cookson@cedarport.com 
 

Mr. Tom Berry 
Manager 
Tera Miranda Marina Resort 
28251 South 561 Road 
Monkey Island, OK 74331 
tom@teramiranda.com 
 
Ms. April Cummins 
Manager 
Honey Creek Landing Marina 
2520 South Main Street 
Grove, OK 74344 
april@honeycreeklanding.com 
 
Mr. Greg Crenshaw 
Willow Park Marina 
PO Box 120 
Ketchum, OK 74349 
greg@willowparkmarina.com 
 
Mr. Ted Peitz 
Owner 
Southwinds Marina 
PO Box 3977 
Bernice, OK 74331 
tpeitz@southwindsmarina.com 
 
Mr. Paul Staten 
Owner 
The Landings Marina 
PO Box 61250 
Oklahoma City, OK 73146 
paullandingsmarina@att.net 
 
Scotty’s Cove, Inc * 
PO Box 580 
Langley, OK 74350 
 
Mr. Nick Powell 
Manager 
Hammerhead Marina 
PO Box 600 
Ketchum, OK 74349 
nick.powell@arrowhead.com 
 
Grand Lakeside Marina * 
11350 North Highway 59 
Grove, OK 74344 
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Mr. Todd Elson 
Manager 
Indian Hills Resort and Marina 
PO Box 3747 
Bernice, OK 74331 
indianhillsok@aol.com 
 
Mr. Kevin McClure 
Manager 
Hi-Lift Marina LLC 
196 Private Road 138 
Eucha, OK 74342 
yachtsrfun@yahoo.com 
 
Mr. Harry Cole 
Owner 
Dripping Springs Yacht Club  
200 Dripping Springs Landing 
Eucha, OK 74342 
drippingspringsyachtclub@gmail.com 
 
Mr. Sam Chapman 
Owner 
Red Arrow Marina 
453881 East 305 Road 
Afton, OK 74331 
sam@redarrowmarina.com 
 
Mr. Russ Allard 
Owner 
Elk River Landing 
1923 North Barrington Drive 
Fayetteville, AR 72701 
russell_allard@yahoo.com 
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2.7 Consistency with Generally Accepted Scientific 
Practice 

The Sedimentation Study follows generally accepted scientific practice.  It incorporates the best 
available information and generally accepted methods.  The scope of the study will encompass 
the major tributaries upstream of Grand Lake in the Grand/Neosho, Spring, and Elk rivers and 
Tar Creek.  

2.8 Schedule 
The schedule for completion of the Sedimentation Study is displayed in Table 2.8-1. 

Table 2.8-1. Sedimentation study schedule. 

Task Completion Date 

Anticipated Completion of Study Plan Determination Process 09/24/2018 

Study Year One (Technical) Report (Initial Study Report) 09/24/2019 

Study Year Two (Technical) Report (Updated Study Report) 09/24/2020 

 

2.9 Level of Effort and Cost 
The estimated cost for completion of Study Year One as outlined in the Methodology section of 
this study plan is approximately $140,000.  
 
The estimated cost for completion of contingent Study Year Two as outlined in the Methodology 
section of the study plan is approximately $290,000.  

3.0 REFERENCES 
Andrews, W.J., M.F. Becker, S.L. Mashburn, and S.J. Smith.  2009.  Selected metals in 

sediments and streams in the Oklahoma part of the Tri-State mining district: U.S. 
Geological Survey Scientific Investigations Report SIR 2009-5032, 36 p. 

 
Dennis, Alan C.  2014.  Floodplain Analysis of the Neosho River Associated with Proposed Rule 

Curve Modifications for Grand Lake O’ The Cherokees.  Submitted in Partial Fulfillment 
of Master’s Thesis, University of Oklahoma, Norman, Oklahoma. 

 
Dewberry.  2011.  USGS Grand Lake, OK LiDAR Project.  Prepared for the U.S. Geological 

Survey. November, 63 p. 
 
FERC (Federal Energy Regulatory Commission).  2018.  Scoping Document 1, Pensacola 

Hydroelectric Project.  January 12, 2018. 
 
Ingersoll, C. G., C.D. Ivey, W.G. Brumbaugh, J.M. Besser, N.E. Kemble, and& S. Dudding.  

2009.  Toxicity assessment of sediments from the Grand Lake O’the Cherokees with the 
amphipod Hyalella azteca.  US Geological Survey Administrative Report CERC-8335-
FY09-20-01. 
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LIST OF ACRONYMS 

ADA ........................... Americans with Disabilities Act 

FERC ........................ Federal Energy Regulatory Commission 

GRDA ........................ Grand River Dam Authority 

ILP ............................. Integrated Licensing Process 

OTRD ........................ Oklahoma Tourism and Recreation Department 

PAD ........................... Pre-Application Document 

PD ............................. Pensacola datum 

PM&E ........................ protection, mitigation and enhancement 

Project ....................... Pensacola Hydroelectric Project 

RMP .......................... Recreation Management Plan 

SCORP ..................... Statewide Comprehensive Outdoor Recreation Plan 

SD1 ........................... Scoping Document 1 

SMP .......................... Shoreline Management Plan 

USFS ........................ U.S. Forest Service 

USFWS ..................... U.S. Fish and Wildlife Service 
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boats), pleasure boating, and hunting.  Additional details regarding these recreational 
opportunities and activities are provided in Section 6.7.3 of the PAD. 
 
The FERC Form 80 Licensed Hydropower Development Recreation Report filed April 1, 2015, 
identified publicly available recreation amenities within the Project Boundary including 90 boat 
launch areas, 58 marinas, 15 swim areas, 27 campgrounds with over 2,000 camp and cottage 
sites, 47 active recreation areas (e.g., playgrounds, golf course), 32 picnic areas, 7 overlooks, 
and 6 visitor centers (GRDA 2015b).  GRDA operates and maintains five FERC-approved public 
access sites, which are listed in Table 2.3-1.  These facilities are discussed in more detail in 
Section 6.7.2 of the PAD.  The State of Oklahoma and several municipalities and private 
operators also maintain publicly available recreation facilities around the reservoir.  The FERC-
approved recreation sites, state parks, and other public access points are shown in 
Figure 2.5-1. 
 

Table 2.3-1. FERC-approved recreation facilities on Grand Lake. 

Site Name Amenities 

Duck Creek Bridge Public Access Boat launch, informal parking area. 

Seaplane Base Public Access Boat launch, informal parking area. 

Monkey Island Public Boat Ramp Boat launch, concrete parking area. 

Big Hollow Public Access Boat launch. 

Wolf Creek Public Access Boat launch, four courtesy docks, mooring dock, 
restroom.  Also includes parking for 71 vehicles 
with trailers, 8 single vehicles, and 5 Americans 
with Disabilities Act (ADA) accessible parking 
spaces with sidewalks, one fish cleaning pavilion, 
and one event pavilion.  

 
Recreation monitoring conducted from March 2014 through February 2015 in support of the 
FERC Form 80 requirements indicated that none of the FERC-approved Project recreation 
facilities and other publicly available recreation facilities at the Project were utilized to their 
maximum capacity.  The boat launch areas, which include the five FERC-approved Project 
recreation facilities, had a capacity utilization rate of approximately 11 percent (GRDA 2015a). 

2.4 Nexus between Project Operations and Effects on 
Resources 

The Pensacola Project currently provides several public recreational opportunities.  The results 
of this study, in conjunction with existing information, will be used to inform analysis in the 
license application regarding potential Project effects on public recreation.  

2.5 Study Area 
This study will take place at Grand Lake in Delaware County, Oklahoma.  The study area 
includes the five FERC-approved recreation facilities on Grand Lake.  This is an appropriate 
study area as it includes lands and recreation facilities managed by GRDA under the existing 
license.  The Project’s recreation facilities are shown in Figure 2.5-1. 
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Table 2.6-1. Visitor use survey schedule. 

Month Survey and Reconnaissance 

May 
 Two weekend days (one within Memorial Day Weekend)  
 Two randomly selected weekdays 

June 
 Two weekend days  
 Two randomly selected weekdays 

July 
 Two weekend days (one within the weekend after July 4th) 
 Two randomly selected weekdays 

August 
 Two weekend days 
 Two randomly selected weekdays 

September 
 Two weekend days (one within Labor Day Weekend) 
 Two randomly selected weekdays 

 
GRDA expects that one team of two technicians will rotate between each of the recreation sites 
listed above (in random order) and will spend approximately one hour at each site conducting 
interviews.  GRDA anticipates providing respondents with the option to complete the interview 
digitally (i.e., on an iPad/tablet) or to answer interview questions orally.  Before rotating to the 
next site, technicians will record relevant conditions, including observed recreational activities, 
estimated number of vehicles, and number of recreational users.  General information regarding 
date, time, and weather conditions will also be recorded by technicians. 
 
GRDA has developed an interview/survey instrument that draws from general concepts and 
guidance from the National Visitor Use Monitoring Handbook (USFS 2007) as well as from other 
relicensing studies approved by FERC for in-person interviews during the recreation visitor use 
surveys as detailed in Table 2.6-1. The questionnaire is provided in Appendix B of this study 
plan. The questionnaire is designed to collect information about: 

 General user information; 

 Resident/visitor; 

 Purpose and duration of visit; 

 Distance traveled; 

 Day use/overnight lodging;  

 History of visiting the site or area; 

 Types of recreational activities respondents participated in or plan to participate in during 
their visit, including primary and secondary recreation activities; 

 Other recreational sites that respondents visited or intend to visit during their trip; 

 General satisfaction with recreational opportunities, facilities, and the respondents 
overall visit and/or areas that need improvement; 

 Effects of project operations on recreation use and access; and 

 Accessibility of facilities. 

2.6.3 Data Analysis and Reporting 

GRDA will prepare a report summarizing the results of the Recreation Facilities Inventory and 
Use Assessment to include information presenting the results of the field inventory, on-site 
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Q‐15.  Please share any other comments that you have regarding recreation on Grand Lake near the Pensacola 

Project:________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

Thank you for completing the Recreation Survey!   
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2.0 STUDY PLAN ELEMENTS 

2.1 Study Goals and Objectives 
The goals of the Cultural Resources Study are: (1) to identify historic properties3 within the 
Project’s APE that are being adversely affected by Project operations (if any), including 
properties of traditional religious and cultural importance; and (2) to develop an Historic 
Properties Management Plan (HPMP) in consultation with the Oklahoma State Historic 
Preservation Officer (SHPO), OAS, and Native American Tribes4, that provides for the long-term 
management of historic properties within the APE over the term of the new license.  The primary 
objectives for meeting these goals are: 

 Consult with Commission staff, the Oklahoma SHPO, OAS, Native American tribes, 
Bureau of Indian Affairs (BIA) and other identified parties (collectively, the “Cultural 
Resources Working Group” or “CRWG”) to determine the Project’s APE. 

 Conduct background research and an archival review. 

 Prepare a Pre-fieldwork Report based on the results of the background literature and 
archival review. 

 Consult with the CRWG to identify and target appropriate areas of the APE for field 
investigation during Project relicensing. 

 During Study Years One and Two, conduct field investigations to include a Phase I 
Reconnaissance Survey (Reconnaissance Survey) of targeted areas which would 
include a visual inspection and the excavation of limited shovel tests.  If sites are 
identified, delineate in the field. 

 Following Study Year One, prepare a Reconnaissance Survey Report as part of the 
Initial Study Report (ISR) that provides study results and recommendations for identified 
archaeological resources and/or additional investigations, as necessary.  Following 
Study Year Two, prepare the same report as part of the Updated Study Report (USR) for 
the sites identified during the Study Year Two investigation. 

 Determine appropriate management measures for identified resources and the need for 
additional resource investigations in consultation with the CRWG. 

 Develop an HPMP in consultation with the CRWG to provide appropriate measures for 
the management of historic properties within the Project’s APE through the term of the 
new license.  The HPMP would be prepared during the Integrated Licensing Process 

                                                 
3 For purposes of this Cultural Resources Study Plan, the term “historic properties” will have the same 
definition as the regulations of the Advisory Council on Historic Preservation (36 C.F.R. § 800.16(l)). 
4 FERC has identified the following Native American Tribes as consulting parties for this undertaking: 
Alabama-Quassarte Tribal Town, Apache Tribe of Oklahoma, Caddo Nation of Oklahoma, Cherokee 
Nation, Delaware Nation, Delaware Tribe of Indians, Eastern Shawnee Tribe of Oklahoma, Iowa Tribe of 
Oklahoma, Kiowa Tribe of Oklahoma, Little Traverse Bay Bands of Odawa Indians, Miami Tribe of 
Oklahoma, Modoc Tribe of Oklahoma, Muscogee (Creek) Nation, Osage Nation, Otoe-Missouria Tribe of 
Indians, Ottawa Tribe of Oklahoma, Peoria Tribe of Oklahoma, Quapaw Tribe of Oklahoma, Sac and Fox 
Nation of Oklahoma, Seneca-Cayuga Nation, Shawnee Tribe of Oklahoma, Tonkawa Tribe of Oklahoma, 
United Keetoowah Band of Cherokees, Wichita and Affiliated Tribes, Wyandotte Tribe of Oklahoma.  
Unless otherwise specified, the term “Native American Tribes” as used in this Proposed Study Plan (PSP) 
refers collectively to the Tribes identified by FERC as consulting parties.  
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(ILP) and filed with FERC as part of GRDA’s relicensing application.  As appropriate, the 
HPMP may include provisions for additional studies to be conducted post-licensing, on a 
schedule determined in consultation with the CRWG.   

 
The ILP affords a limited, 2-year window (Study Year One and Study Year Two) for conducting 
cultural resources studies during Project relicensing – particularly when considering the vast 
geographic area occupied by the Project and other areas that may be affected by Project 
operations.  Recognizing the constraints of the ILP in the context of the overall geographical 
scope of the anticipated APE for the Pensacola Project is important to developing study 
methods and schedules that can realistically achieve the goals of the study.  For this reason, 
GRDA’s approach to the study will be to:  (1) work with the CRWG to identify high-priority areas 
and sites within the APE for study during the 2-year ILP process, for purposes of informing 
FERC’s analyses under both Section 106 and the National Environmental Policy Act (NEPA); 
and (2) continue cultural resource investigations post-licensing (as necessary) over a longer 
period of time as part of the HPMP.  This longer-term phased approach has been successfully 
implemented at other large FERC-licensed projects. 

2.2 Agency and Native American Tribe Resource 
Management Goals 

In considering a new license for the Project, FERC has the lead responsibility for compliance 
with applicable federal laws, regulations, and policies pertaining to historic properties, including 
the National Historic Preservation Act of 1966, as amended (NHPA)5.  Section 106 of the NHPA 
(Section 106)6

 directs federal agencies to take into account the effects of their undertakings on 
historic properties and to afford the Advisory Council on Historic Preservation (ACHP) a 
reasonable opportunity to comment. 
 
The regulations implementing Section 106 (36 Code of Federal Regulations [C.F.R.] Part 800) 
define “historic properties” as any pre-contact or historic period district, site, building, structure, 
or individual object included in or eligible for inclusion in the NRHP.  This term includes artifacts, 
records, and remains that are related to and located within historic properties, as well as 
properties of traditional religious and cultural importance (often referred to as “traditional cultural 
properties” [TCP]) that meet the National Register Criteria. 
 
The Secretary of the Interior has established the criteria for evaluating properties for inclusion in 
the NRHP (36 C.F.R. Part 60).  In accordance with the criteria, properties are eligible if they are 
significant in American history, architecture, archaeology, engineering, or culture.  The quality of 
significance is present in historic properties that possess integrity7 of location, design, setting, 
materials, workmanship, feeling, or association and meet one or more of the National Register 
Criteria: 

                                                 
5 54 U.S.C. § 300101 et seq. 
6 54 U.S.C. § 306108 
7 Integrity is the authenticity of a property’s historic identity, evidenced by the survival of physical 
characteristics that existed during the property’s pre-contact or historic period (National Park Service 
1997).  The integrity of archaeological resources is generally based on the degree to which remaining 
evidence can provide important information.  If the context and association of archaeological material 
found at a site are disturbed, the archaeological site may not possess integrity and would, therefore, be 
ineligible for inclusion in the NRHP. 
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 Criterion A: Are associated with events that have made a significant contribution to the 
broad patterns of our history; or 

 Criterion B: Are associated with the lives of persons of significance in our past; or 

 Criterion C: That embody the distinctive characteristics of a type, period, or method of 
construction, or that represent the work of a master, or that possess high artistic values, 
or that represent a significant and distinguishable entity whose components could lack 
individual distinction; or 

 Criterion D: That have yielded, or could be likely to yield, information important in 
prehistory or history. 

 
Normally, NRHP eligibility requires a property to be at least 50 years of age.  Resources less 
than 50 years of age that are highly significant and meet the “special criteria considerations” as 
outlined in the regulations (36 C.F.R. 60.4) also may be eligible for the NRHP. 
 
The implementing regulations of Section 106 are intended to accommodate historic preservation 
concerns with the needs of federal undertakings through a process of consultation among 
agency officials, federally recognized Native American Tribes, SHPOs, Tribal Historic 
Preservation Officers (THPO), and other parties, including the public, as appropriate. 
 
Concurrent with the filing of the PAD and Notice of Intent (NOI), GRDA requested designation 
as the Commission’s non-federal representative for carrying out informal consultation pursuant 
to Section 106.  The Commission granted GRDA’s request by notice dated January 12, 2018.  
While GRDA is authorized to consult in an informal capacity, the Commission remains legally 
responsible for all agency findings and determinations under Section 106. 

2.3 Background and Existing Information 
Archaeological and historic resources within the Project’s vicinity have been inventoried by 
avocational archaeologists and historians and as a result of prior cultural resources studies in 
the area.  In preparing the PAD, GRDA conducted a search of publicly available literature, as 
well as records housed at the OAS to summarize the cultural context of the Project and to 
identify known archaeological and historic resources within a one-mile buffer zone of the 
Project, including those properties listed in or eligible for the NRHP.  While the one-mile buffer is 
much larger than the expected APE for this undertaking, a review of previously reported 
archaeological and historic resources within a one-mile radius of the Project was conducted to 
characterize the types of historic properties that may occur within the APE.   
 
Section 6.9 of the PAD summarizes the pre-contact and historic context for the Project and 
presents information on reported archaeological sites and historic resources.  In total, 195 
archaeological sites were identified within one mile of the Project.  One of the archaeological 
sites (34DL285) within the search radius is considered eligible for inclusion in the NRHP.  A total 
of 50 of the sites are considered not eligible for inclusion in the NRHP, 125 have unknown 
NRHP eligibility statuses, and the remaining 19 sites have unassessed NRHP eligibility 
statuses.  Sites within the current FERC-established Project Boundary (which approximately 
follows the 750-foot PD contour) are either considered not eligible for the NRHP or have not 
been evaluated for NRHP eligibility. 
 
The Oklahoma SHPO’s website for the NRHP in Oklahoma was also consulted during 
development of the PAD to identify any NRHP-listed or eligible historic architectural properties 



Proposed Study Plan Cultural Resources Study 

Pensacola Hydroelectric Project  Grand River Dam Authority 
FERC No. 1494 5 April 2018 

© Copyright 2018 Grand River Dam Authority 

or districts within one mile of the Project.  A total of eight NRHP historic architectural 
properties/districts are located within one mile of the Project.  One of the eight 
properties/districts (Pensacola Dam Historic District) is located within the current Project 
Boundary.  The Pensacola Dam Historic District was listed on the NRHP in September 2003.  
The district includes three buildings – a substation, an observation building, and a powerhouse 
designed by noted Oklahoma architect John Duncan Forsyth.  Four structures – the multi-
arched dam, two spillways, and a pumping/intake structure – are also included in the historic 
district. 
 
Additionally, the Oklahoma Landmarks Inventory (OLI) Database found 150 other historical sites 
within one mile of the Project. 
 
The Project Boundary encompasses an historic district listed in the NRHP, as well as 
archaeological and historic resources which may be eligible for inclusion in the NRHP (but have 
not been evaluated).  In addition, there may be unknown historic properties or archeological 
sites within the APE.  This proposed Cultural Resources Study will identify historic and 
archaeological resources within the Project’s APE that may be affected by relicensing the 
Project. 

2.4 Nexus between Project Operations and Effects on 
Resources 

The continued operation and maintenance of the Project may have the potential to directly, 
indirectly, or cumulatively affect historic properties listed in or eligible for inclusion in the NRHP 
during the term of any new license issued by the Commission.  Effects on cultural resources 
may potentially result from Project-related activities, such as reservoir level fluctuations 
attributable to hydropower operations, modifications to Project facilities, or other Project-related, 
ground-disturbing activities (e.g., new construction).  
 
Effects on the integrity of cultural resources can come from a variety of sources, including the 
ongoing direct, indirect, or cumulative effects of shoreline fluctuations, recreation, public use, 
shoreline development, and routine maintenance activities.  These potential activities are most 
likely to impact archaeological sites along the reservoir’s shoreline. 

2.5 Area of Potential Effects 
In SD1, FERC tentatively identified the geographic scope for cultural resources as the Grand 
Lake Reservoir, to elevation 760 feet PD, as well as any adjacent upland areas that are 
periodically inundated by Grand Lake.  FERC concluded that “existing operation and 
maintenance of the Project, in combination with other developmental and non-developmental 
activities within the Grand River Basin, may cumulatively affect cultural resources located on 
lands adjacent to the reservoir, including by flooding of adjacent lands” (FERC 2018). 
 
The study area for the Cultural Resources Study includes the APE (Figure 2.5-1).  GRDA 
intends to define an APE in consultation with the CRWG as a component of the Cultural 
Resources Study.  GRDA tentatively proposes the following APE, which will be refined through 
consultation and informed by the result of other studies conducted in support of Project 
relicensing: 
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Figure 2.5-1. Proposed Area of Potential Effects.  
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The APE for this undertaking includes all lands within the FERC-approved 
Project Boundary.  The APE also includes lands or properties outside the Project 
Boundary where Project operations or Project-related recreation activities or 
other enhancements may cause changes in the character or use of historic 
properties, if any such properties exist. 

2.6 Methodology 

2.6.1 Area of Potential Effects  

GRDA has tentatively proposed an APE as presented in Section 2.5.  Pursuant to the 
implementing regulations of Section 106 at 36 C.F.R. § 800.4(a), GRDA will consult with the 
CRWG to determine and document the APE for the Project as defined in 36 C.F.R. § 800.16(d). 
 
As tentatively defined in Section 2.5, the APE includes lands outside the current Project 
Boundary where Project-related operations or activities may have a direct, indirect, or 
cumulative effect on historic properties.  Based on the results of hydraulic modeling and other 
studies, the geographic extent of the APE may be refined in consultation with the CRWG in 
Study Year Two.  

2.6.2. Background Research and Archival Review  

GRDA will conduct background research and an archival review to inform the specific research 
design and the historic and environmental contexts of the APE.  The background research and 
archival review will be conducted by a qualified cultural resources professional8. GRDA will 
review relevant sources of information that may include (but are not necessarily limited to): 
 

 Information on archaeological sites, historic architectural resources, and previous 
cultural resources studies on file with OAS, Oklahoma SHPO, and Native American 
Tribes; 

 Available reports on previous cultural resources studies conducted within the APE9;   

 A review of the OLI and Oklahoma’s NRHP listings; 

 Historic maps and aerial photographs of the APE, including relevant plat and Sanborn 
maps; 

 Aerial photographs of the APE; 

                                                 
8 For purposes of this Cultural Resources Study Plan, a “qualified cultural resources professional” is 
defined as an individual who meets the Secretary of the Interior’s Professional Qualification Standards 
(48 Federal Register [FR] 44738-44739, Sept. 1983) and the standards established by the Oklahoma 
SHPO. 
9  As discussed in the PAD, archaeological surveys of the Project area were conducted between 1937 
and 1940 by the Works Progress Administration (WPA), and additional survey work continued after the 
creation of Grand Lake.  In developing the PAD, GRDA reviewed archival information and documents on 
file with OAS.  The WPA reports were not readily available from OAS or in GRDA’s archives.  As part of 
this background research and archival review task, GRDA will conduct an additional review of its 
archives, consult with OAS, and review information on file with local and state repositories in an effort to 
obtain copies of the WPA reports.   
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 Relevant documents related to Project construction; 

 Relevant information available from local repositories; 

 Information on the current and historical environment, including mapped soils, bedrock 
geology, geomorphology, physiography, topography, and hydrology in the vicinity of the 
APE; 

 Relevant historical accounts of the Project area;  

 Relevant management plans for the Project; 

 Historic context statements for Management Region 3 available from the Oklahoma 
SHPO; and 

 Any additional relevant information made available by the CRWG or other relicensing 
participants. 

 
As part of the background research and archival review, GRDA may undertake limited field 
observations to better characterize and document existing shoreline conditions at the reservoir 
and inform the Pre-fieldwork Report (see Section 2.6.3 of this study plan).   

2.6.3 Pre-fieldwork Report 

GRDA will prepare a Pre-fieldwork Report based on the results of the background literature 
review that will identify and map: 

 Previously reported archaeological sites, historic resources, and relevant map-
documented structures;  

 Areas with archaeological sensitivity, such as pre-Project terrace landforms, the outlets 
of tributary streams, and other landscape features; Pre-project trails and roads; and 
historic towns, villages, or other population centers; and  

 Areas identified within the APE where erosion or other Project-related effects are 
occurring.  

2.6.4 Reconnaissance Surveys 

Based on the Pre-fieldwork Report, GRDA will consult with the CRWG to identify high-priority 
areas and sites within the APE for study during the 2-year ILP process for purposes of informing 
FERC’s analyses under both Section 106 and the NEPA. 
 
GRDA will conduct a Reconnaissance Survey of the Project’s APE during Study Year One and 
Study Year Two.  The proposed methods for the Reconnaissance Survey are the same for both 
study years and take into account the nature and extent of potential effects on historic 
properties and the likely nature and location of historic properties within the APE (36 C.F.R. 
800.4(b)(1)).  The Reconnaissance Survey will be conducted by a qualified cultural resources 
professional retained by GRDA and will be in accordance with the Secretary of the Interior’s 
Standards and Guidelines for Archaeology and Historic Preservation (48 Federal Register [FR] 
44716, Sept. 1983) and guidance documents promulgated by the Oklahoma SHPO, including: 

 Guidelines for Developing Archaeological Survey Reports in Oklahoma and Report 
Components (Oklahoma SHPO 2013a); and 

 Architectural/Historical Resources Survey Field Guide (Oklahoma SHPO 2013b). 
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The Reconnaissance Survey will include a visual reconnaissance of the exposed portions of the 
reservoir shoreline areas within the APE to identify any previously recorded or unrecorded 
archaeological and/or historic architectural resources.  If archaeological material is observed 
during the Reconnaissance Survey, GRDA will delineate site boundaries.  The maximum length 
and width of each site will be measured and recorded and the site’s location geo-located.  Site 
dimensions and elevations will be recorded on standardized field forms along with sketch maps 
of site settings and notations regarding landform, site aspect, temporal affiliations (if possible) 
and density of observed materials, site condition, any evidence of Project-related effects, and 
the nature of site deposits.  Site boundaries will be located on Project maps and U.S. Geological 
Survey (USGS) topographic maps.  Based on the judgment of the archaeologist, visual 
reconnaissance may be augmented by limited subsurface testing (e.g., shovel test pits) to 
record site depth, stratigraphy, and other features.  GRDA will geo-locate, record, and collect 
any observed artifacts, features, or other pre-contact or historic period cultural material (as 
appropriate), and any new archaeological sites discovered will be documented on Oklahoma 
Archaeological Site Survey Form (Appendix A) or Isolated Find Form (Appendix B). 
 
Treatment and disposition of any human remains that may be discovered will be managed in a 
manner consistent with the Native American Graves Protection and Repatriation Act (NAGPRA) 
(Public Law [P.L.] 101-601; 25 U.S. Code [U.S.C.] 3001 et seq.)10; the Council’s Policy 
Statement Regarding Treatment of Burial Sites, Human Remains, and Funerary Objects (ACHP 
2007); and the Burial Desecration Law – Oklahoma Statute Chapter 47 (Section 1168.0 - 
1168.6).  Any human remains, burial sites, or funerary objects that are discovered will at all 
times be treated with dignity and respect.  In the event that any Native American graves and/or 
associated cultural items are inadvertently discovered, GRDA will immediately notify the 
Oklahoma SHPO, OAS, and potentially affected Native American Tribes. 
 
If individual historic architectural resources or districts that potentially meet the NRHP criteria 
are observed, GRDA will geo-locate the resource and delineate the boundary.  Relevant 
dimensions will be estimated and recorded, and the location will be documented on Project 
maps and USGS topographic maps.  GRDA will take a minimum of two representative photos of 
the architectural resources, and GRDA will record land use patterns, the general age of the 
area, the character of the building stock (such as type, style, building material, integrity, and  
condition), the landscaping, and particularly notable and representative features.  GRDA will 
complete a Historic Preservation Resource Identification Form for each resource (Appendix C). 
 
Information on cultural resources from this reconnaissance survey will be used to determine the 
potential for adverse effects on identified archaeological and historic resources created by the 
continued operation of the Project and to support development of the HPMP.  Where the 
potential for adverse effects from continued operation of the Project is determined, the HPMP 
will describe appropriate management or treatment measures that may include formal site 
evaluations to determine the NRHP-eligibility of a site or specific mitigation and treatment 
measures. 
 

                                                 
10 Pursuant to 43 C.F.R. Part 10, NAGPRA applies to human remains, sacred objects, and items of 

cultural patrimony (described as “cultural items” in the statute) located on federal or tribal lands or in the 
possession and control of federal agencies or certain museums.  Regardless of where cultural items are 
discovered, the principles described in NAGPRA’s implementing regulations will serve as guidance for 
GRDA’s actions should the remains or associated artifacts be identified as Native American and to the 
extent such principles and procedures are consistent with any other applicable requirements. 



Proposed Study Plan Cultural Resources Study 

Pensacola Hydroelectric Project  Grand River Dam Authority 
FERC No. 1494 10 April 2018 

© Copyright 2018 Grand River Dam Authority 

Following Study Year One, GRDA will prepare a Reconnaissance Survey Report as part of the 
ISR that provides study results and recommendations for identified archaeological and historic 
resources, including any recommendations for additional cultural resources investigations, as 
appropriate.  GRDA will consult with the CRWG regarding the Study Year One Reconnaissance 
Survey Report. 
 
During Study Year Two, GRDA will conduct a second Reconnaissance Survey of the APE.  The 
locations of the Study Year Two survey will be determined in consultation with the CRWG.  
GRDA expects that the results of the hydraulic modeling study will assist GRDA and the CRWG 
in refining the appropriate areas for study during Study Year Two, if needed.  Following Study 
Year Two, GRDA will prepare a Reconnaissance Survey Report as part of the USR that 
provides study results and recommendations for identified archaeological and historic 
resources, including any recommendations for additional cultural resources investigations, as 
appropriate. GRDA will consult with the CRWG regarding the Study Year Two Reconnaissance 
Survey Report. 

2.6.5 Traditional Cultural Properties 

TCPs are properties of traditional religious and cultural importance to a Native American Tribe 
that meet the National Register criteria (36 C.F.R. § 800.16(l)(1)).  TCPs may be eligible for 
inclusion in the NRHP because of their association with cultural practices or beliefs of a living 
community that are (1) rooted in that community’s history, and (2) important in maintaining the 
continuing cultural identity of the community.   
 
GRDA recognizes the special expertise that the Native American Tribes have in identifying 
properties that have traditional and religious significance to their communities.  As such, GRDA 
will consult with Native American Tribes to develop specific methods and approaches to 
conducting a TCP inventory for lands within the APE.  GRDA proposes to consult with Native 
American Tribes during Study Year One to develop the specific TCP study methods and to 
initiate the TCP study during Study Year Two. 

2.6.6 Programmatic Agreement 

Pursuant to 36 C.F.R. Part 800.14(b), GRDA anticipates that FERC will enter into a 
Programmatic Agreement (PA) with the Oklahoma SHPO for managing historic properties that 
may be affected by Project operations or activities during the term of the new license.  The PA 
will formally meet the Commission’s obligations under NHPA Section 106 for the relicensing of 
the Project, and is likely to provide for GRDA to implement an HPMP for the long-term 
management of historic properties during the new license term. 

2.6.7 Historic Properties Management Plan  

In anticipation of a PA, GRDA will prepare an HPMP providing measures that will direct GRDA’s 
management of historic properties within the Project’s APE throughout the term of the new 
license.  The HPMP is not intended to be a static document, but will include measures for 
additional consultation and processes for additional identification and treatment of historic 
properties.  GRDA will develop the HPMP in consultation with the CRWG; through this 
consultation, GRDA and the CRWG will develop specific management measures to be 
incorporated into the HPMP.  GRDA anticipates that the CRWG will have an ongoing role in the 
HPMP implementation.  GRDA expects to file the HPMP with FERC as part of its relicensing 
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application, such that it may be approved and implemented immediately upon the effective date 
of the new license issued by FERC. 

GRDA has outlined the following three goals for managing historic resources under the HPMP: 

 Continue ongoing operations of the Project while maintaining and preserving the integrity 
of historic properties within the Project Boundary, in consultation with the CRWG;  

 To the extent possible, avoid, minimize, or mitigate adverse effects on historic properties 
that would be affected by the continued operation of the Project under the new license, 
in consultation with the CRWG; and 

 Ensure historic properties are managed in an efficient and cost-effective manner that 
does not impede GRDA’s ability to comply with the terms of its operating license and 
other applicable federal, state, and local statutes. 

 
To address these goals, GRDA will develop an HPMP in consultation with the CRWG and in 
accordance with the Guidelines for the Development of Historic Properties Management Plans 
for FERC Hydroelectric Projects, promulgated by the FERC and the ACHP on May 20, 2002.  At 
a minimum, GRDA anticipates that the HPMP will address the following items (ACHP and FERC 
2002):   
 

 Any additional studies necessary to assist in the identification or management of historic 
properties within the APE, including a schedule for completing such studies; 

 A plan and schedule for completing Reconnaissance Surveys of areas within the APE 
identified in consultation with the CRWG, including areas where Reconnaissance 
Surveys could not be completed during the ILP; 

 Potential effects on historic properties resulting from the continued operation and 
maintenance of the Project; 

 Management and treatment measures for historic properties (including any identified 
TCPs); 

 Protection of historic properties threatened by potential ground-disturbing or land-
clearing activities during the term of the new license; 

 Protection of historic properties threatened by other direct or indirect Project-related 
activities, including routine Project maintenance;  

 The resolution of unavoidable adverse effects on historic properties; 

 Treatment and disposition of any human remains that are discovered;  

 Provisions for unanticipated discoveries of previously unidentified cultural resources 
within the APE; 

 A dispute resolution process; 

 Categorical exclusions from further review of effects; 

 Public interpretation of the historic and archaeological values of the Projects, if any; 

 Specific measures and a schedule for implementing the HPMP; 
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 Roles and responsibilities of GRDA, the Oklahoma SHPO, OAS, Native American 
Tribes, and other individuals and organizations in regards to implementation of the 
HPMP; and  

 Coordination with the CRWG during implementation of the HPMP. 

2.7 Consistency with Generally Accepted Scientific 
Practice 

The proposed methods for this study are consistent with accepted scientific practices.  The 
overall approach complies with the ACHP’s Section 106 Archaeology Guidance (ACHP 2009)11 
and is consistent with cultural resources studies conducted in support of other relicensing 
proceedings in Oklahoma.  The Cultural Resources Study will allow GRDA to identify 
archaeological resources that are potentially affected (directly or indirectly) by the Project and to 
develop appropriate management measures for those resources.  In addition, the proposed 
methods for this study are consistent with FERC study requirements under ILP.  No alternative 
approaches to this study are necessary. 

2.8 Schedule 
GRDA will initiate consultation with the Oklahoma SHPO and Native American Tribes to seek 
concurrence regarding the Project’s APE in May 2018, as part of the planned PSP and CRWG 
meetings.  Background research and archival reviews and consultation to develop TCP 
inventory methods will be conducted from September 2018 – April 2019.  GRDA anticipates the 
Pre-fieldwork Study Report will be completed in April 2019, and that the Study Year One 
Reconnaissance Survey will be completed from May 2019 – August 2019.  The Study Year One 
Reconnaissance Survey Report will be prepared as part of the ISR which will be filed in 
September 2019.  GRDA expects that the Study Year Two Reconnaissance Survey will be 
conducted from May 2020 – August 2020.  The Study Year Two Reconnaissance Survey 
Report will be prepared as part of the USR which will be filed in September 2020.  GRDA 
anticipates that the TCP inventory will also be initiated during Study Year Two.  GRDA will 
consult with the CRWG in the development of a draft HPMP and expects to file the HPMP with 
the Commission concurrent with the March 31, 2020 filing of the Final License Application 
(FLA). 

2.9 Level of Effort and Cost 
The estimated level of effort for this study is approximately 4,000 man-hours.  The estimated 
cost of this proposed study is $450,000. 

                                                 
11 The ACHP’s guidance states that “[A] federal agency is not expected to conduct a 100 percent survey 
of the area of potential effects.  Rather, the identification effort should be conditioned by where effects are 
likely to occur and the likely impact of these effects on listed or eligible archaeological sites. For example, 
archaeological identification efforts for a license renewal from the Federal Energy Regulatory Commission 
likely would not involve the entire area of potential effects (APE). Rather it would be directed to those 
locations within the APE that are experiencing project related effects associated with operation, usually 
along the shoreline.” 



Proposed Study Plan Cultural Resources Study 

Pensacola Hydroelectric Project  Grand River Dam Authority 
FERC No. 1494 13 April 2018 

© Copyright 2018 Grand River Dam Authority 

3.0 REFERENCES 
ACHP (Advisory Council on Historic Preservation).  2007.  Policy Statement Regarding 

Treatment of Burial Sites, Human Remains and Funerary Objects.  [Online] URL:  
http://www.achp.gov/docs/hrpolicy0207.pdf.  Accessed January 2018. 

 
ACHP.  2009.  Section 106 Archaeology Guidance.  [Online] URL: 

http://www.achp.gov/archguide/.  Accessed January 2018. 
 
ACHP and FERC (Federal Energy Regulatory Commission).  2002.  Guidelines for the 

Development of Historic Properties Management Plans for FERC Hydroelectric Projects.  
[Online] URL:  http://www.achp.gov/ferc-hpmp.pdf.  Accessed January 2018. 

 
FERC.  2018.  Scoping Document 1 for the Pensacola Hydroelectric Project, P-1494.  January 

12, 2018. 
 
National Park Service. 1997.  National Register Bulletin: How to Complete the National Register 

Registration Form.  National Park Service, National Register of Historic Places, 
Washington, D.C.  

 
SHPO (Oklahoma State Historic Preservation Office).  2013a.  Fact Sheet #16:  Guidelines for 

Developing Archaeological Survey Reports in Oklahoma and Report Components.  
[Online] URL: http://www.okhistory.org/shpo/factsheets/fs16archreports.pdf.  Accessed 
January 2018. 

 
SHPO.  2013b.  Architectural/Historic Resources Survey:  A Field Guide.  [Online] URL: 

http://www.okhistory.org/shpo/ architsurveys/ fieldguide.pdf.  Accessed January 2018. 
 



Proposed Study Plan Cultural Resources Study 

Pensacola Hydroelectric Project  Grand River Dam Authority 
FERC No. 1494 14 April 2018 

© Copyright 2018 Grand River Dam Authority 

[This page intentionally left blank.] 

 



Proposed Study Plan Cultural Resources Study 

Pensacola Hydroelectric Project  Grand River Dam Authority 
FERC No. 1494  April 2018 

© Copyright 2018 Grand River Dam Authority 

APPENDIX A. 
OKLAHOMA ARCHAEOLOGICAL SITE SURVEY FORM 
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OKLAHOMA ARCHAEOLOGICAL            OKLAHOMA ARCHAEOLOGICAL            Site#:Site#:
SITE SURVEY FORMSITE SURVEY FORM
                                                                      County:County:

                      COMPLETE ALL SECTIONS
______________________________________________________________________

1.SITE NUMBER AND NAME:1.SITE NUMBER AND NAME:

Site Name:Site Name:                        Project No.:Project No.:
(derived from owner's            (Temporary number or name(derived from owner's            (Temporary number or name
assignedassigned
 name, etc.)                      during project.) name, etc.)                      during project.)
______________________________________________________________________
2.LOCATIONAL INFORMATION:2.LOCATIONAL INFORMATION:
U.T.M.U.T.M.  ReferenceReference

Zone:Zone: 14
Northing:Northing:                   Easting:Easting:      

LegalLegal  DescriptionDescription  
____1/4 of ____ 1/4 of ___1/4 of Sectionof Section ___ TownshipTownship ____ RangeRange ____

U.S.G.S. Quad Name:U.S.G.S. Quad Name:                  Quad Date (revised):Quad Date (revised):    
______________________________________________________________________
Other Other Locational References (i.e., benchmarks, road intersections,Locational References (i.e., benchmarks, road intersections,
bridges, etc., please give distance and bearing to site):bridges, etc., please give distance and bearing to site):

______________________________________________________________________

3.OWNER(S) OF PROPERTY:3.OWNER(S) OF PROPERTY:

Name:Name:
Street and Number:Street and Number:
City/Town, State:City/Town, State:
Zip:Zip:
______________________________________________________________________

4.SITE SURVEYED BY:                 Reported by (if different):4.SITE SURVEYED BY:                 Reported by (if different):

Name:Name:                               Name:Name:

Date Recorded:Date Recorded:                      Date Reported:Date Reported:

Time spent at site and time of day:Time spent at site and time of day:
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5.CULTURAL AFFILIATION - Cultural Periods (underline one):5.CULTURAL AFFILIATION - Cultural Periods (underline one):

Unassigned prehistoric             Woodland:
Paleoindian:                            Eastern – may be eastern?
     Early                              Plains
     Middle                       
     Late                          Village Farming/Mississippi
Archaic:                           Plains Village
     Early                         Protohistoric/Historic Ind.
     Middle                        Historic non-Indian
     Late
______________________________________________________________________

Archaeological Cultures, Phases, etc. representedArchaeological Cultures, Phases, etc. represented:

How was cultural affiliation determined (diagnostic artifacts,How was cultural affiliation determined (diagnostic artifacts,
radiocarbon dates, etcradiocarbon dates, etc.):

______________________________________________________________________

6.HISTORIC PHASE IDENTIFICATION (ETHNIC):6.HISTORIC PHASE IDENTIFICATION (ETHNIC):
Underline appropriate group.Underline appropriate group.
1.   Choctaw                       16.  Osage
2.   Cherokee                      17.  Cheyenne
3.   Saux-Fox                      18.  Caddo
4.   Pottawatomie                  19.  Shawnee
5.   Seminole                      20.  Delaware
6.   Comanche                      21.  Creek
7.   Apache                        22.  Dakotas
8.   Kiowa                         23.  Chickasaw
9.   Kiowa-Apache                  24.  12 & 17
10.  Kickapoo                      25.  Missouri-Otos
11.  Pawnee                        26.  Iowa
12.  Arapaho                       27.  Anglo-American
13.  Ottawas                       28.  French
14.  Wichita                       29.  Spanish
15.  Quapaw                        20.  Other:

How was historic identification determined?:How was historic identification determined?:

______________________________________________________________________

7.HISTORIC SITE RANGE (underline one):7.HISTORIC SITE RANGE (underline one):

0.  Missing data; unknown             5.  1890-1929
1.  pre-1800                          6.  1930-1950
2.  1800-1830                         7.  1800-1900
3.  1830-1859                         8.  1800-present
4.  1860-1889                         9.  1900-present
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8.INFERRED SITE TYPE8.INFERRED SITE TYPE
Please underline those that apply (can be more than one category)Please underline those that apply (can be more than one category)

Open habitation w/o mounds         Petroglyph/pictograph
Open habitation with mounds        Isolated burials (<2)
Earth mound (not midden mound)     Cemetery (>2)
Mound complex                      Specialized activity sites
Stone mounds/rock piles            Rock alignments (tepee rings, etc.)
Burned rock concentrations         Historic farmstead
Non-mound earthworks               Historic mill/industrial
Rock shelter                       Historic fort
Cave                               Dugout
Quarry/workshop                    Historic trash dump
______________________________________________________________________
9.MIDDEN AT SITE (underline):9.MIDDEN AT SITE (underline):

Don't know                         Present, earth
Absent                             Present, shell
                                   Present, rock
______________________________________________________________________

10.MATERIALS COLLECTED:10.MATERIALS COLLECTED:

TypeType                                                              NumberNumber
CeramicsCeramics
Projectile points/base frags.Projectile points/base frags. 
Hafted scrapersHafted scrapers
DrillsDrills
Bifaces/biface fragmentsBifaces/biface fragments
UnifacesUnifaces
Perforators/graversPerforators/gravers
SpokeshavesSpokeshaves
Scrapers (unhafted)Scrapers (unhafted)
Debitage (flakes, cores, chunks)Debitage (flakes, cores, chunks) 
Ground/pecked/battered stoneGround/pecked/battered stone
Worked bone/shellWorked bone/shell
Human boneHuman bone
Faunal remainsFaunal remains
Floral remainsFloral remains
Other prehistoricOther prehistoric
Historic (describe)Historic (describe) 

                                   Total Items:Total Items:

Briefly describe diagnostic artifacts including type names. Briefly describe diagnostic artifacts including type names. 
Attach outline drawings:Attach outline drawings:

Materials observed but not collected:Materials observed but not collected:
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Name and address of owner of other collections from site:Name and address of owner of other collections from site:

______________________________________________________________________

11.ARTIFACT REPOSITORY11.ARTIFACT REPOSITORY

Name of institution where artifacts are to be stored:Name of institution where artifacts are to be stored:

Photos:Photos:
Number of black and white photos:Number of black and white photos:
Number of color photos:Number of color photos:

Name and address of institution where photos are filed:Name and address of institution where photos are filed:

______________________________________________________________________

12.EVIDENCE OF RECENT VANDALISM OBSERVED?  (Yes or No):12.EVIDENCE OF RECENT VANDALISM OBSERVED?  (Yes or No):
______________________________________________________________________

13.SITE CONDITION (underline one):13.SITE CONDITION (underline one):

1.  apparently undisturbed         5.  76-99% disturbed
2.  <25% disturbed                 6.  totally destroyed
3.  26-50% disturbed               7.  disturbed, % unknown
4.  51-75% disturbed

______________________________________________________________________

14.MAJOR LAND USE (underline those that apply):14.MAJOR LAND USE (underline those that apply):

Cultivated field                   Industrial
Pasture                            Residential
Woods, forest                      Recreation
Road/trail                         Commercial
Ditch/dike/borrow pit              Military
Landfill                           Logging/fire break
Modern cemetery                    Scrub/secondary growth/oil field
Mining                             Modern dump
Inundated

Other:
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15.AMOUNT OF GROUND SURFACE VISIBLE (underline one):15.AMOUNT OF GROUND SURFACE VISIBLE (underline one):
1.  <10% 4.  51-75%
2.  11-25% 5.  76-90%
3.  26-50% 6.  91-100%

Survey Conditions (wet, dry, sunny, ground coverage, etc.):Survey Conditions (wet, dry, sunny, ground coverage, etc.):

______________________________________________________________________
16.PHYSIOGRAPHIC DIVISION (underline one):16.PHYSIOGRAPHIC DIVISION (underline one):

1.  High Plains                     6.  Sandstone Hills
2.  Gypsum Hills                    7.  Prairie Plains
3.  Wichita Mountains               8.  Ozark Plateau
4.  Red Bed Plains                  9.  Ouachita Mountains
5.  Arbuckle Mountains             10.  Red River Plains
______________________________________________________________________
17.LANDFORM TYPE (underline one):17.LANDFORM TYPE (underline one):

1.  Floodplain 4.  Dissected Uplands
2.  Terrace 5.  Undissected Uplands
3.  Hillside - Valley wall
______________________________________________________________________
18.LOCALITY TYPE - SPECIFIC SITE SETTING (underline one):18.LOCALITY TYPE - SPECIFIC SITE SETTING (underline one):

1.  Level 5.  Mesa
2.  Knoll - low land 6.  Slope
3.  Blowout 7.  Bluff crest
4.  Ridge – upland 8.  Bluff base
______________________________________________________________________
19.SOILS (if known):19.SOILS (if known):
Association:Association:                             Series:Series:
Type:Type:
______________________________________________________________________
20.ELEVATION/SLOPE:20.ELEVATION/SLOPE:

Elevation amsl:Elevation amsl:
Slope (degrees):Slope (degrees):              Slope facing direction:Slope facing direction:
______________________________________________________________________
21.NATURAL VEGETATION (underline one):21.NATURAL VEGETATION (underline one):
1.  Short grasses                  6.  Mesquite
2.  Mixed grasses                  7.  Juniper-pinon
3.  Tall grasses                   8.  Oak-hickory forest
4.  Cross Timber                   9.  Oak-pine
5.  Shin-oak                       10. Loblolly pine forest
______________________________________________________________________
22.SITE AREA (Square Meters):22.SITE AREA (Square Meters):
Basis for area estimate (underline one):Basis for area estimate (underline one):
1. Taped   2. Paced   3. Guessed   4. Range-finder  
5. Alidade/transit
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Confident of site boundaries?  (Yes or No):Confident of site boundaries?  (Yes or No):
______________________________________________________________________

23.DESCRIPTION OF SITE:23.DESCRIPTION OF SITE:

Give physical description of site and its setting, includingGive physical description of site and its setting, including
dimensions, features, nature of materials and artifactdimensions, features, nature of materials and artifact
concentrations. Include copy of U.S.G.S. topographic map with siteconcentrations. Include copy of U.S.G.S. topographic map with site
location and boundaries marked (and sketch map if appropriate).location and boundaries marked (and sketch map if appropriate).
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24.DRAINAGE (underline one):24.DRAINAGE (underline one):

1.  Arkansas                       10.  Muddy Boggy
2.  Beaver - N. Canadian           11.  Neosho
3.  Canadian                       12.  North Fork Red
4.  Caney                          13.  Poteau
5.  Cimarron                       14.  Red
6.  Deep Fork                      15.  Salt Fork Arkansas
7.  Illinois                       16.  Salt Fork Red
8.  Kiamichi                       17.  Verdigris
9.  Little R. (McCurtain County)   18.  Washita
______________________________________________________________________

25.NEAREST NATURAL SOURCE OF WATER (underline one):25.NEAREST NATURAL SOURCE OF WATER (underline one):

1.  Permanent stream/creek         6.  River
2.  Intermittent stream            7.  Slough or oxbow lake
3.  Permanent stream               8.  Relic stream channel
4.  Intermittent spring/seep/bog   9.  Also consider wells if site
5.  Natural lake                       is historic
______________________________________________________________________

26.DISTANCE TO WATER (in 10's of meters):26.DISTANCE TO WATER (in 10's of meters):
______________________________________________________________________

27.INVESTIGATION TYPE (underline one):27.INVESTIGATION TYPE (underline one):

1.  Reconnaissance (survey)        3.  Excavated
2.  Intensive (survey & testing)   4.  Volunteered report
______________________________________________________________________

28.SIGNIFICANCE STATUS (underline one):28.SIGNIFICANCE STATUS (underline one):

National Register Property
Eligible for National Register
Nominated to National Register by S.H.P.O.
Considered eligible but not nominated by S.H.P.O.
Inventory site
National Register status not assessed
______________________________________________________________________

29.DISCUSS THE POTENTIAL SIGNIFICANCE OF THE SITE:29.DISCUSS THE POTENTIAL SIGNIFICANCE OF THE SITE:

_____________________________________________________________________

30.PUBLISHED OR FORTHCOMING REPORTS ON THE SITE:30.PUBLISHED OR FORTHCOMING REPORTS ON THE SITE:
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OKLAHOMA ARCHEOLOGICAL SURVEY 
ISOLATED FIND RECORD 

 
County: Temp. No.: Find No.: 
U.S.G.S. Topo(Date) 
Cultural Affiliation:  
 
Project:  
Location:  
 
U.T.M.: Zone:  Northing:  Easting: 
__1/4_of__1/4 of__ 1/4 of __ 1/4 of Section ___ Township ___ Range ___ 
 
Present Owner: 
Address:  
 
Description of Find Locale:  
 
 
 
 
 
Topographic Setting: 
State of Preservation: Cultivation: 
Erosion: Vegetation: 
Soil: Elevation: Slope: 
Location of Water Supply: 
 
Landmarks to Aid in Relocating Locale: 
 
 
Published Reports on Finds: 
 
Artifacts Collected: 
 
Artifacts or Features Observed at Find Locale: 
 
Data From Test Pits or Other Explorations: 
 
Materials Reported from Area: 
 
Remarks (Why Find Locale and Not Site): 
 
 
Recorded by:  
Date:  Photos: 
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1.0 INTRODUCTION 
The Pensacola Hydroelectric Project (Pensacola Project or Project), owned and operated by the 
Grand River Dam Authority (GRDA), is licensed by the Federal Energy Regulatory Commission 
(FERC or Commission) as Project No. 1494.  GRDA is a non-appropriated agency of the State 
of Oklahoma, created by the Oklahoma legislature in 1935 to be a “conservation and 
reclamation district for the waters of the Grand River.”  As licensed by FERC, the Project serves 
multiple purposes, including hydropower generation, water supply, public recreation, and wildlife 
enhancement.  As directed by Congress under the Flood Control Act of 1944, 58 Stat. 887, 890-
91, the U.S. Army Corps of Engineers (USACE) has exclusive jurisdiction over Grand Lake for 
flood control purposes. 
 
FERC’s January 12, 2018 Scoping Document 1 (SDI) identified the following resource issue to 
be analyzed for the Project relicensing: 

 Effects of any proposed changes in project operation or maintenance on 
socioeconomic resources.  

 
The City of Miami, Miami Tribe (as supported by the Eastern Shawnee Tribe, Ottawa Tribe, 
Seneca-Cayuga Nation, and Wyandotte Nation), and N. Larry Bork (counsel for City of Miami 
citizens) subsequently submitted formal requests related to socioeconomics.  Section 4.2.4 of 
the main body of the Proposed Study Plan (PSP) details GRDA’s response to the requests. 

2.0 STUDY PLAN ELEMENTS 

2.1 Study Goals and Objectives 
The goal of this study is to gather, synthesize, and report on existing information necessary to 
qualitatively evaluate the socioeconomic effects of the Pensacola Project in the study area.  
 
The objectives of the study are to:  

 Describe baseline economic conditions in the Project area. 

 Identify the socioeconomic contribution of the Project in the state and the region. 

2.2 Agency and Native American Tribe Resource 
Management Goals 

Recreation in the Project area provides socioeconomic benefits to the region.  The Oklahoma 
Tourism and Recreation Department (OTRD) promotes the development and operation of 
tourism and recreation opportunities throughout the State.  The primary goal of the OTRD is to 
expand the economy of Oklahoma through increased tourism promotion and development 
(OTRD 2018).  The OTRD uses the Oklahoma Statewide Comprehensive Outdoor Recreation 
Plan (SCORP) as a planning tool to assist in preserving, developing, and assuring accessibility 
to outdoor recreation resources (OTRD 2012).   
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2.3 Background and Existing Information 
Section 6.10 of the Pre-Application Document (PAD) summarizes existing information on 
socioeconomic resources in the Project area.  The Pensacola Project dam and hydroelectric 
generating facility is located northeast of Tulsa on the Grand (Neosho) River (Grand River) in 
Craig, Delaware, Mayes, and Ottawa counties, Oklahoma.  The Pensacola Dam creates the 
Grand Lake O’ The Cherokees, also known as Grand Lake. 
 
The entirety of the Project resides in Craig, Delaware, Mayes, and Ottawa counties, which are 
located along the northeastern border of the state of Oklahoma.  Ottawa County, the 
northernmost of the four counties occupied by the Pensacola Project, has two incorporated 
cities, six incorporated towns, and one unincorporated community with a total estimated 
population of 31,981 as of the 2015 census.  Mayes County, located to the southwest of Ottawa 
County, has one incorporated city, twelve incorporated towns, and five unincorporated 
communities with a total estimated population of 40,887 in 2015.  Delaware County, located to 
the east of Mayes County, has two incorporated cities, five incorporated towns, and two 
unincorporated communities with a total estimated population of 41,459 in 2015.  Craig County, 
located to the northwest of Delaware County, has one incorporated city, four incorporated 
towns, and one unincorporated community with a total estimated population of 14,818 in 2015 
(U.S. Census Bureau 2016). 
 
Current uses around Grand Lake include residential and commercial development, agriculture, 
and wildlife management areas.  Lands surrounding the Project vicinity are generally rural and 
undeveloped, but historically, mining for lead and zinc was prevalent in Ottawa County, 
Oklahoma, and mining for coal was prevalent in Craig County, Oklahoma (Oklahoma Historical 
Society 2009).  Approximately 53 percent of land within the Project Boundary is deciduous 
forestlands.  Residential, commercial, and other development accounts for approximately 
11 percent of total land area within the Project Boundary.  Approximately 53 percent of lands 
adjacent to the Project boundary are undeveloped forestlands.  In addition, 31 percent of lands 
adjacent to the Pensacola Project are designated as agricultural/crop lands.  The majority of 
these agricultural areas are in Ottawa County (GRDA 2008).  Grand Lake is also the premier 
recreational lake in northeast Oklahoma (FERC 2014), and the popularity of water-based 
recreation at Grand Lake has resulted in significant economic development, particularly in real 
estate, goods, and services.   
 
Detailed reports on the economic conditions in the state and region are sufficient to describe the 
socioeconomic conditions in the study area and the Project’s contributions to the state and 
regional economy.  Existing studies on the socioeconomics in the region include: 

 Data regarding the Economic impact of the GRDA (Oklahoma Department of 
Commerce 2012a, updated in 2015) 

 Demographic data including land use, population, and employment data (U.S. 
Census Bureau 2015, 2016; Oklahoma Department of Commerce 2012b, 2015; 
Oklahoma Employment Security Commission 2016; Oklahoma Historical Society 
2009; and GRDA 2008) 

 Estimating Non-Market Value for the Grand River Watershed (Brand et al. 2017) 

 Estimating Lake Amenity Values on Grand Lake o’ the Cherokees (Ghimire et al. 
2017) 
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2.4 Nexus between Project Operations and Effects on 
Resources 

The presence of the Pensacola Project provides significant contributions to the state and 
regional economy.  The results of the study, in conjunction with existing information, will be used 
to inform analysis in the license application. 

2.5 Study Area 
The entirety of the Project resides in Craig, Delaware, Mayes, and Ottawa counties, which are 
located along the northeastern border of the state of Oklahoma (Figure 2.5-1).  The study area 
for this desktop review will primarily focus on these four counties.  Project-related economic 
impacts are also felt in the broader northeastern Oklahoma region, and the state of Oklahoma 
as a whole, and this study proposes to provide that information to the extent it is available.  

2.6 Methodology 
A desktop review of available regional socioeconomic data will be completed.  Information on 
the demographic and economic conditions of the region will be compiled and can be readily 
obtained from governmental agencies, such as the U.S. Census Bureau and the Oklahoma 
Department of Commerce.  Parties to the relicensing as well as local industry organizations will 
be queried for available, verifiable data.  Available county level economic data is presented in 
the PAD and includes population, income, and labor force.  In addition, GRDA will provide 
information from published sources, including those listed in Section 2.3, to present a qualitative 
assessment for the study area, including:  

 State and regional population, income, and employment data; 

 State and regional industry trends (e.g., goods and services; agricultural use); 

 Regional trends in land and resource values (e.g., tribal practices; hunting, fishing, 
eco-tourism, outfitting, trapping, recreation, tourism, exploration, and mining 
activities); 

 Pensacola Project’s economic impact on the state and region under current 
operations; 

 The potential state and regional economic impact of proposed operations.  

2.7 Consistency with Generally Accepted Scientific 
Practice 

The proposed methods for this study are consistent with FERC study requirements under the 
Integrated Licensing Process (ILP). 

2.8 Schedule 
The study will be complete and a final study report will be included as part of the Initial Study 
Report (ISR) filing in September 2019. 
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Figure 2.5-1. Location map of the Pensacola Project.  
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2.9 Level of Effort and Cost 
The estimated cost of this study is expected to be approximately $75,000. 
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ATTACHMENT B.  LIST OF COMMENT LETTERS AND STUDY 
REQUESTS AS FILED WITH FERC 
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List of comment letters and study requests regarding the Pensacola Project relicensing as filed 
with FERC from January 8, 2018 through March 19, 2018. 
 

Date Letter Filed Filing Party Description of Filing 

January 8, 2018 Leslie and Ruth Ann Farris* General comments 

January 9, 2018  Melinda Stotts* General comments  

January 11, 2018 Brad Williams* General comments  

January 16, 2018 Judy Judkins* General comments  

January 16, 2018 Roger and Tiffani Lacy* General comments  

January 16, 2018 Paul and Dava Marquez* General comments  

January 22, 2018 Pauline Klinefelter* General comments  

January 22, 2018 John A. Fox (Osage Nation) General comments  

January 23, 2018 Patricia A. Bridgewater* General comments  

January 23, 2018 Judy Judkins* General comments  

January 23, 2018 Ike and Nancy Lacy* General comments  

January 23, 2018 Rod Lloughdam* General comments  

January 23, 2018 Aaron Milligan* General comments  

January 23, 2018 David R. Walker* General comments  

January 23, 2018 Kellie Wilson* General comments  

January 26, 2018 Harry T. Griffin* General comments  

January 26, 2018 Danny and Linda M. Trujillo* General comments  

January 29, 2018 E. W. Fletcher* General comments  

January 30, 2018 Barbara Haile* General comments  

January 31, 2018 Eldon Mercer* General comments  

February 2, 2018 Flo Ray* General comments  

February 2, 2018 Evertt J. Stamback* General comments  

February 5, 2018 Bobby L. and Becky J. Blunk* General comments  

February 5, 2018 Darrel L. Testerman* General comments  

February 6, 2018 Cean Wilson Mooney* General comments  

February 6, 2018 Robin Still* General comments  

February 6, 2018 Jeri White-Potts* General comments  

February 7, 2018 Roy T. Collins* General comments  

February 7, 2018 Donna Schoenhals* General comments  

February 8, 2018 Debbie Bradley* General comments  

February 15, 2018 Patti Baker* General comments  

February 20, 2018 Kent Carson* General comments  

February 20, 2018 Al Newkirk* General comments  
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Date Letter Filed Filing Party Description of Filing 

February 20, 2018 Al Newkirk (second letter)* General comments  

February 22, 2018 Rachel C. Pruitt* General comments  

February 26, 2018 Jack Elsey* General comments  

March 5, 2018 Eddie R. Streater (BIA) Study request 

March 5, 2018 Eddie R. Streater (BIA) PAD comments 

March 5, 2018 Eddie R. Streater (BIA) SD1 comments 

March 6, 2018 Carolyn J. McCool* General comments 

March 12, 2018 Retha Johnson* General comments 

March 12, 2018 Dr. J. Mark Osborn* General comments 

March 12, 2018 Mayor Ed Trumbull (City of Grove) Letter of support 

March 13, 2018 Ethel Cook (Ottawa Tribe of Oklahoma) 
Letter of support for Miami Tribe’s 
study requests 

March 13, 2018 Ellen Roberts* General comments 

March 13, 2018 Carlos E. Gutierrez (City of Miami) 
PAD and SD1 comments and study 
requests 

March 13, 2018 
N. Larry Bork (Counsel for Citizens of 
Miami) 

PAD and SD1 comments and study 
requests 

March 13, 2018 Stephen Bowler (FERC) PAD comments and study requests 

March 13, 2018 ODWC 
PAD and SD1 comments and study 
requests 

March 13, 2018 Fritha Ohlson (SWPA) SD1 comments 

March 13, 2018 Jonna E. Polk (USFWS) 
PAD and SD1 comments and study 
requests 

March 14, 2018 Elizabeth Toombs (Cherokee Nation) General comments 

March 14, 2018 Susan Nott* General comments 

March 14, 2018 
Glenna J. Wallace (Eastern Shawnee 
Tribe of Oklahoma) 

Letter of support for Miami Tribe’s 
study requests 

March 14, 2018 Kimeka Price (EPA) Scoping comments 

March 14, 2018 
Douglas G. Lankford (Miami Tribe of 
Oklahoma) 

PAD and SD1 comments and study 
requests 

March 14, 2018 Kary L. Stackelbeck (OAS) SD1 comments 

March 14, 2018 
William L. Fisher (Seneca-Cayuga 
Nation) 

Letter of support for Miami Tribe’s 
study requests 

March 14, 2018 
Norman Hildebrand Jr. (Wyandotte 
Nation) 

Letter of support for Miami Tribe’s 
study requests 

March 19, 2018 
Earl L. Hatley (Grand Riverkeeper 
L.E.A.D.) 

SD1 comments 

March 19, 2018 Rebecca Jim (L.E.A.D.) SD1 comments 

* Indicates comment is from a citizen. 
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Chapter I 

INTRODUCTION 

This thesis is comprised of one manuscript written for 

submission to the Transactions of the American Fisheries 

Society. Chapter I is an introduction to the rest of the 

thesis. The manuscript is complete as written and does not 

require additional support material. The manuscript is 

contained in Chapter II and is titled 'Entrainment 

susceptibilities of fishes inhabiting the lower portion of 

Grand Lake, Oklahoma.' 
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ENTRAINMENT SUSCEPTIBILITIES OF FISHES 

INHABITING THE LOWER PORTION 

OF GRAND LAKE 1 OKLAHOMA 

Kent Sorenson 

Oklahoma Cooperative Fish and Wildlife Research Unit, 
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Abstract.-! documented the seasonal dynamics of juvenile and 

adult fish in the vicinity of the Pensacola Dam hydropower 

facility on Grand Lake, Oklahoma, to determine 

species-specific entrainment susceptibilities. Fishes in 

Grand Lake were sampled monthly from August 1988 to July 

1989 using gill nets, trap nets, and electrofishing gear. 

Water quality profiles were recorded concurrently. I used 

techniques typically used to quantify foraging preferences 

of selective predators to estimate the entrainment 

susceptibilities of individual species to non-selective 

"predation" by hydropower intakes. Relative abundances of 

fishes in Grand Lake were compared to relative abundances of 

fishes entrained (obtained from a concurrent study 

estimating entrainment rates) using Strauss' electivity 

index to determine species-specific entrainment 

susceptibilities. Wilcoxon's signed-rank test was used to 

incorporate sampling error and test statistical 

significance. Fishes were not entrained at rates reflecting 

their relative abundance in the lake. Only 8 of the 25 

species collected in Grand Lake were entrained. Entrainment 

of gizzard shad exceeded expectations based on their 

relative abundance in the reservoir and it was the only 

species significantly susceptible to entrainment. 

Susceptibility to entrainment of all other species was 

negative or proportional to relative abundance. High 

midwinter entrainment of gizzard shad resulted from their 
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habitation of deep water proximal to the turbine intakes and 

cold-induced torpor. Entrainment was size-selective being 

skewed to enhance the selection of small fish. Occasional 

entrainment of white crappie and channel catfish was 

probably a result of the predilection of these species for 

structural cover in deep water as afforded by the forebay of 

the intake structure. Hypolimnetic anoxia associated with 

summer stratification precluded entrainment of all species 

during summer. 
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Extensive research on the effects of hydropower on 

adult and juvenile fish has been conducted in coldwater 

systems. These studies addressed upstream and downstream 

passage associated with the completion of life cycles of 

anadrornous salmon and shad in the Pacific Northwest and New 

England (e.g., Schoeneman et al. 1961; Raymond 1979; Bell 

and Kynard 1985). Fish passing through hydropower plants 

may be subject to both immediate and delayed mortality. 

Common forms of immediate mortality include decapitation and 

crushing; delayed forms include deaths resulting from 

internal injuries, sudden pressure changes, and predation 

(Cramer and Oligher 1964; Cada 1988). Of no less importance 

are the fishes merely displaced downstream from the darn, 

because they are lost from the reservoir fishery. 

Entrainment in warm-water reservoirs has not been 

st~died because of the absence of obligatory migrants in 

these systems. However, many warrnwater reservoirs contain 

populations of once-anadrornous, now land-locked species 

(e.g., striped bass, Morone saxatilis; Scruggs 1955) which 

range widely (Pflieger 1975) and are subject to entrainment. 

In addition, many reservoir fishes are pelagic and nomadic 

(Pflieger 1975), rendering them vulnerable to entrainment. 

Grand Lake 0' the Cherokees (Grand Lake) is an 18,818-

hectare multi-purpose hydropower impoundment completed by 

the Grand River Darn Authority (GRDA) in 1940 by inundation 

of the Grand (Neosho) River by the Pensacola Darn. Grand 
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Lake was authorized by Congress to provide flood control, 

recreation, and hydropower, and the hydroelectric generating 

plant was granted a 50-year operating license. The license 

expired in 1988 and required renewal for the GRDA to 

continue hydropower generation. Relicensing required the 

GRDA to prepare an environmental impact assessment of the 

hydropower project. This assessment provided an opportunity 

to examine the effects of entrainment by the hydropower 

plant on adult and juvenile fishes in a warm-water 

reservoir. 

The only previous study on entrainment of adult and 

juvenile warm-water fish was on the Ohio River (Greenup Dam, 

Vanceburg, Kentucky). Seasonal spatial and temporal 

distributions of fishes remained unchanged throughout the 

nine month duration of the study. At least 80 percent of 

the fish detected hydroacoustically immediately upstream of 

the forebay trashracks were entrained into the turbine 

gallery. Of those entrained, 93 percent were gizzard shad 

(Dorosoma cepedianum) and freshwater drum (Aplodinotus 

grunniens). Sport fish were entrained at a lower rate than 

expected as judged by their relative abundances upstream 

from the dam. However, no work was done during the winter 

months when streamflows peaked and entrainment potentials 

probably were greatest (Olson et al. 1988). 

Simply documenting the presence of fishes in areas of 

potentially high entrainment risk does not allow estimation 



of entrainment because the assumption of equal 

species-specific entrainment susceptibility is likely 

erroneous (Helvey 1985). Entrainment susceptibility is 

regulated by attraction to intake structures, taxis to 

current, and body length due to the relationship between 

swimming speed and body length (Jones et al. 1974). 

Behavioral activities of a species may enhance or diminish 

entrainment potential, but species-specific entrainment 

susceptibilities have only been inferred by investigating 

behaviors and life histories (Helvey 1985). 
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Estimates of entrainment susceptibility can be made by 

comparing relative abundances of fishes subject to 

entrainment to the relative abundances of fishes entrained. 

My goal was to assess the possible effects of hydropower 

generation on fish populations in the lower portion of Grand 

Lake. Accordingly, my objectives were to: determine if 

relative abundances of fishes in the lower portion of Grand 

Lake were reflected by species-specific entrainment rates; 

determine if seasonal distribution of fishes contributed to 

the entrainment susceptibilities of fishes in the lower 

portion of Grand Lake; and de·termine if temporal differences 

in water quality affected entrainment rates of fishes in the 

lower portion of Grand Lake. 
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STUDY SITE 

Grand Lake is a monomictic reservoir in northeastern 

Oklahoma with a mean depth of 13 meters and a maximum depth 

of about 45 meters. It has a capacity of 1,672,000 

acre-feet at the top of the power pool (elevation 745 feet 

MSL). It has a shoreline of of 998 km and is about 88 km 

long from the confluence of the Neosho and Spring rivers in 

the north to the dam in the south. It has an irregular 

shoreline with numerous bays and small coves and has a 

shoreline development index value of 43.1. The average 

discharge during 44 years of record (1939-1981) was 6809 cfs 

(Oklahoma Water Resources Board 1984). This equates to a 

flushing rate of about once every 100 days. 

The hydropower intakes are housed in a structure about 

20 meters off the face of the dam (Figure 1). Three 4.6-m 

diameter penstocks supply water to six-14,400-kw generators. 

Net generating head is about 120 ft. The top of the intake 

is at elevation 705 feet MSL and the bottom is at elevation 

682 feet MSL. The intake structure is about 35 m long and 

distance between the upstream trashracks and the intakes is 

about 6 m. 



9 

METHODS 

Field techniques 

The fish assemblage inhabiting Grand Lake in the 

vicinity of Pensacola Dam was sampled at about monthly 

intervals from August 1988 to July 1989 using three gear 

types (gill nets, trap nets, and electrofishing). The study 

area encompassed the lower section of Grand Lake within 

about 3 km of the hydroelectric facility (Figure 2). The 

area was divided into 22 sampling blocks, each roughly 500-m 

square (Figure 2). 

From August through December 1988, twelve 

monofilament-nylon experimental gill nets were set each 

month. The nets were 2.4 m deep, 91.4 m long, and included 

six 15.2-m panels with bar mesh sizes of 3.81, 5.08, 6.35, 

7.62, 8.89, and 10.16 em. A stratified-random sampling 

design was used to select net locations and depths, with 

emphasis placed on the four blocks in the vicinity of the 

hydropower intakes (blocks 1, 2, 5, and 6; Figure 2). Four 

nets were set at randomly selected locations in these 

blocks, and the remainder were set in randomly selected 

blocks throughout the study area. Four nets were set at the 

surface, four at mid-water, and four at the bottom. Nets 

were fished for 24 hours. All captured fish were removed, 

identified, weighed (g), measured (mm total length), and 



released. Each net set constituted one unit of effort. 

Effort was increased to 16 net sets per month from January 

through July 1989 by the addition of four nets in block 1. 
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Ten trap nets were set in the study area on each 

sampling date. Trap nets were set in coves in sampling 

blocks 1 (2 nets), 4 (4 nets), 8 (3 nets), and 13 (2 nets). 

The nets were constructed of tarred 1.3-cm nylon mesh 

stretched over two 1.8x0.9-m frames and four 0.76-m diameter 

hoops; a single 12.7-m lead extended perpendicularly from 

the mouth of each net. The trap nets were set perpendicular 

to shore with their leads extending towards shore and fished 

for 24 hours. All captured fish were removed, identified, 

weighed, measured, and released. Each net set constituted 

one unit of effort in the catch-rate analyses. 

A commercially-produced 6.1-m aluminum electrofishing 

boat (Coffelt Manufacturing, Inc., Flagst~ff, AZ) was used 

to complete 10 standardized electrofishing transects each 

month from August through December 1988. Pulsed direct 

current (300 volts, 6 to 8 amperes, 60% pulse width, 80 

pulses per second) was applied in 500-m linear transects. 

Transects were completed at randomly selected stations 

stratified as follows: three along the east shoreline 

(blocks 4, 8, and 13), one along the west shoreline (blocks 

1, 5, 9, 14, 19, 20, and 22), one along the face of the dam 

in block 1, one along the shoreline in block 1, and four in 

open-water blocks. Two of the open-water transects were in 



11 

the vicinity of the hydropower intakes (blocks 1, 2, 5, and 

6; Figure 1). All captured fish were identified, weighed, 

measured, and released. Total catches of each species in 

each transect will constitute catch-per-unit-effort rates 

(i.e., number per transect). Effort was increased to 12 

electrofishing transects per month from January through July 

1989 by the addition of two open water transects in block 1. 

Water quality profiles of the water column about 150 m 

directly upstream from the hydroelectric facility were 

recorded in association with fish sampling. Water 

temperature, dissolved oxygen concentration, pH, and 

conductivity were measured with a Hydrolab Surveyor II at 

1-m intervals from the surface to a depth of 20 m; 

additional measurements were taken at 5-m intervals to the 

bottom. 

Analyses 

Mean catch-per-unit-effort (CPUE) rates (by gear) of 

all species in aggregate and of species composing >1% of 

total catch were plotted over time to assess seasonal trends 

in abundance at the study sites. A catch index value 

combining the two most effective gear types for each species 

was calculated for each sampling date to facilitate 

evaluation of seasonal trends in abundance of major species; 

the index incorporated the relative magnitude of 

gear-specific catch rates by date and treated both gears 



12 

equally. Monthly gear-specific CPUE rates were divided by 

the highest CPUE of that gear type obtained over the study 

duration to calculate a relative CPUE value ranging from 0 

to 1. The catch index value was the mean of the two 

relative CPUE rates. For example: Monthly index value = 

[(Gear 1 monthly CPUE/Gear 1 highest observed CPUE)+(Gear 2 

monthly CPUE/Gear 2 highest observed CPUE)]/2. All three 

gear types were used to calculate the index value for all 

species in aggregate. The index values were used only to 

facilitate evaluation of seasonal trends; they were not used 

in the quantitative analyses. 

Analysis of variance was used to test whether 

significant differences existed in mean CPUE rates of all 

species among sampling dates. Duncan's multiple comparison 

procedure was used to identify months during which CPUE 

rates were significantly different (alpha= 0.05). 

Length-frequency distributions of fishes collected in Grand 

Lake were constructed for comparison with fishes collected 

in the entrainment samples. 

A concurrent study conducted by the Oklahoma 

Cooperative Fish and Wildlife Research Unit estimated 

monthly entrainment of fishes at the Pensacola Dam 

hydropower facility (Fisher and Zale 1990). Entrained fish 

were collected in modified fyke nets positioned in the draft 

tubes. The densities of entrained fish were multiplied by 

monthly discharges to estimate total monthly entrainment. A 



total of nine species were entrained (gizzard shad, white 

crappie (Pomoxis annularis), channel catfish (Ictalurus 

punctatus), bluegill (Lepomis macrochirus), blue catfish 

(Ictalurus furcatus), green sunfish (Lepomis cyanellus), 

freshwater drum, white bass (Morone chrysops), and bigmouth 

buffalo (Ictiobus cyprinellus); Appendix A). Most entrained 

individuals were small (<200 mm), with the exception of a 

few catchable-sized channel catfish and one large bigmouth 

buffalo. 
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These entrainment estimates were compared to relative 

abundances of fishes in monthly collections from Grand Lake 

to estimate entrainment susceptibilities of sp~cies present. 

I used techniques typically u~ed to quantify foraging 

preferences of selective predators to quantify 

susceptibilities of individual species to non-selective 

'predation' by the turbine intakes. The linear electivity 

index (Strauss 1979) was us~d to determine relative 

susceptibilities of individual species to entrainment; the 

index is defined as 

L=r-p 

where r and p are the relative abundances of a species in 

entrainment samples and Grand Lake, respectively. Strauss' 

index was used mainly because of its simplicity, but its 

linear property gives the advantage of having symmetrical 

deviation of the index for all values where r does not equal 

p (Lechowicz 1982). Relative abundances of each species in 
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pooled monthly collections (all three gear types) and in 

pooled monthly turbine-net samples were compared. L ranges 

from -1 to +1, with positive values indicating enhanced 

susceptibility to entrainment and negative values indicating 

lower susceptibility to entrainment. The expected value for 

a species entrained in proportion to its relative abundance 

(i.e., random sdsceptibility') is zero. Wilcoxon's 

signed-rank test (Hollander and Wolfe 1973; Kohler and Ney 

1982) was used to determine if susceptibilities were 

significantly different from random. Relative abundances of 

each species in pooled monthly collections and in individual 

turbine-net samples collected in a month were compared using 

this nonparametric paired test (Appendix B). 

RESULTS 

A total of 25 species cornposed of 3,726 individuals was 

collected in the lower Grand Lake study area with all three 

gear types from August 1988 to July 1989. Gizzard shad 

dominated the total catch (34.2%), followed by white crappie 

(14.3%), brook silverside (Labidesthes sicculus; 13.9%) and 

bluegill (13.8%); 10 species individually composed >1% of 

the total catch and 95.4% in aggregate (Figure 3). 

The white bass was the most abundant (27.3%) of the 15 

species in the gill net catch, followed by white crappie 

(23.8%), channel catfish (18.4%), and gizzard shad (10.2%). 

Ten species individually composed >1% of the gill-net catch 
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and 97.6% in aggregate. White crappie (51.7%) and bluegill 

(37.5%) dominated the trap-net catch. Six of the 14 species 

collected with trap nets individually composed >1% of the 

catch and 98.2% in aggregate. The electrofishing catch was 

dominated by gizzard shad (51.6%). Brook silversides 

composed 22.3% of the electrofishing catch and 7 other 

species individually contributed at least 1%. In aggregate, 

these 9 species (out of 20) composed 97.7% of the 

electrofishing catch (Appendix C). 

Gear-specific catch rates of all species in aggregate 

exhibited only modest seasonal fluctuations (Table 1). 

Catch rates of all species in aggregate for all gear types 

tended to be low and stable in autumn and winter and higher, 

yet variable, in spring and summer (Figure 4). Significant 

differences existed among monthly mean catch rates of all 

species in aggregate (Appendix D) only for trap nets 

(P=0.0012); no significant difference existed among monthly 

mean catch rates of all species in aggregate in gill nets 

(P=0.1320) or by electrofishing (P=0.1177). 

Of the 11 major species present in lower Grand Lake 

(i.e., species that composed >1% of the total catch), 

significant differences existed among monthly mean catch 

rates of only three (bluegill, channel catfish, and gizzard 

shad) in the gear type most effective for each. Catch rates 

of bluegill in trap nets and channel catfish in gill nets 

were significantly elevated during July 1989 and June 1989, 
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respectively. Catch rates of gizzard shad in electrofishing 

samples were significantly higher in November 1988 than 

during the remainder of the study period. Gill net catches 

of white bass peaked in April 1989, but the increased catch 

rate was not significant. Although elevated in summer, no 

significant differences existed among the monthly mean catch 

rates of the remaining abundant and entrained species in the 

gear type most effective for each (white crappie in trap 

nets, and green sunfish in electrofishing samples). 

The length-frequency distribution of gizzard shad 

collected in lower Grand Lake was largely unimodal and 

primarily composed of adult sizes; the entrained gizzard 

shad consisted of mainly young-of-the-year individuals 

(Figure 5). The length frequency distribution of white 

crappie in Grand Lake consisted of unimodal adult-sized 

(>200 mm) individuals; entrained white crappie were 

represented by smaller (<200 mm) individuals. Channel 

catfish in Grand Lake were represented by wide size ranges 

of individuals including multiple age-classes and 

catchable-sized individuals. Entrained channel catfish were 

represented largely by sub-adult individuals, but 

catchable-sized fish were also collected. 

Of 9 species entrained, 8 were collected in lower Grand 

Lake. A single bigmouth buffalo was taken in entrainment 

samples, but the species was absent in Grand Lake 

collections. Species that composed >1% of the Grand Lake 



assemblage but which were not entrained, included brook 

silversides, largemouth bass, smallmouth buffalo, and 

longear sunfish. Thirteen other species also collected in 

Grand Lake were absent from entrainment samples. 
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Susceptibility to entrainment of the 9 species 

entrained from August 1988 to July 1989 was positive (as 

judged by the linear electivity index) only for gizzard shad 

and bigmouth buffalo over the entire period (Table 2). 

However, susceptibility to entrainment was significantly 

positive only for gizzard shad over the entire August 1988 

to July 1989 period; susceptibility was significantly 

negative for all other species (Table 2). 

Entrainment susceptibilities of individual species 

varied. among months as relative abundances in Grand Lake and 

in entrainment samples changed. However, significant 

positive susceptibility to entrainment was limited to 

gizzard shad and only from February through June 1989 

(Figure 6). Entrainment of gizzard shad did not differ 

significantly from random during other months except during 

November 1988 when they were significantly negatively 

susceptible to entrainment. Monthly entrainment 

susceptibilities of all other species were either random or 

significantly negative over the entire period (Appendix B). 

Seasonal trends in susceptibility to entrainment were 

evident only for gizzard shad, white crappie, and channel 

catfish. Entrainment susceptibilities of gizzard shad were 
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depressed in autumn and enhanced in late winter, spring, and 

summer (Figure 6). The inverse, albeit less dramatic; was 

evident for white crappie and channel catfish (Figure 6). 

Entrainment susceptibilities of white bass, bluegill, blue 

catfish, green sunfish, 'and freshwater drum were typically 

random or slightly negative and-showed no distinct seasonal 
·' 

trends. 

Limnological characteristics of the water column in the 

immediate vicinity of Pensacola Dam (Figures 7 and 8) were 

largely dictated by seasonal reservoir stratification 

dynamics. Strong stratification was evident from August 

through October 1988 (Figure 7), but dissolved oxygen 

concentrations in 1988 were <2 mg/L over .~he entire range of 

depths encompassed by the intakes only during August (Figure 

7). Stratification was absent from November 1988 through 

March 1989 (Figure 8), intermediate in May 1989 (Figure 8), 

and returned to patterns exhibited in October 1988 (Figure 

7) and August 1988 (Figure 7) in June and July 1989, 

respectively. Dissolved oxygen concentrations were <2 mg/L 

over the entire range of depths encompassed by the in~akes, . 
similar to August 1988 profiles (Figure 7), again during 

July 1989. Only two fish were caught in gill nets set below 

the thermocline during periods when the reservoir was 

stratified; these may have become-enmeshed during net 

retrieval. 
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DISCUSSION 

The relative abundances of individual fish species in 

the hydropower intake area of Grand Lake did not accurately 

reflect relative entrainment rates. Both lake and 

entrainment samples were dominated by gizzard shad, but 

entrainment of this species often exceeded its relative 

abundance, suggesting it was more susceptible to entrainment 

than other fishes present in lower reaches of Grand Lake. 

The gizzard shad accounted for over 99% of the total 

abundance in entrainment samples (Fisher and Zale 1990), but 

it composed about 34% of the collections in Grand Lake. The 

gizzard shad was also the most frequently entrained species 

at Greenup Dam, Kentucky (Olson et al., 1988). 

Gizzard shad tend to travel in large schools (Miller 

and Robison 1973; Pflieger 1975) which may predispose them 

to additional entrainment risk. At an offshore cooling 

intake off the Karachi coast of Pakistan, schooling fishes 

were generally more vulnerable to entrainment, as they were 

often sluggish, weak swimmers, and were generally of small 

size (Moazzam and Rizvi 1980). Schooling fishes were 

entrained at an offshore cooling intake off the California 

coast more often than resident reef fishes (Helvey 1985). 

Whereas gizzard shad are not a physically hardy species 

(Miller 1960), I do not believe them to be weak swimmers. 

However, schooling behavior may tend to magnify the 



consequence of an encounter with the hydropower intakes 

because entrainment is the fate of many individuals 

simultaneously. 
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Entrainment susceptibilities of other entrained species 

in Grand Lake (white crappie, channel catfish, bluegill, 

blue catfish, green sunfish, bigmouth buffalo, freshwater 

drum, and white bass) were negative and many species present 

in lower Grand Lake were absent in entrainment samples. 

These were often species that, due to their behavior and 

habitat preferences were not present in the deeper waters 

near the intake structures. For example, the brook 

silverside was numerically the third most abundant fish 

present in Grand Lake but was absent from entrainment 

samples. It spends most of its life within a few 

centimeters of the surface and never goes deeper than a few 

meters (Pflieger 1975). The largemouth bass (Micropterus 

salmoides) was not collected in entrainment sampled despite 

being the seventh most abundant fish collected in Grand 

Lake. Largemouth bass prefer weedy littoral areas and when 

in deeper water are found near bottom (Pflieger 1975). 

Pelagic species other than gizzard shad (i.e., white 

bass, hybrid striped bass, and freshwater drum) did not 

appear to be susceptible to entrainment. Hybrid striped 

bass are stocked at locations far upstream of the intakes 

(Jim Smith, Oklahoma Department of Wildlife Conservation, 

pers. com.). Stocking them far upstream allows them time to 



grow before encountering the intakes and renders them less 

apt to be entrained. White bass migrate to tributary 

streams to spawn (Pflieger 1975), and by the time the young 

encounter the intakes, they too are likely large enough to 

effectively resist intake velocities. Freshwater drum were 

not abundant in the lower portion of Grand Lake and were 

entrained at rates proportional to, or less than, their 

monthly relative abundances. 
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White crappie and channel catfish were the only species 

other than gizzard shad often entrained. Although never 

significantly susceptible to entrainment, these were the 

only other species to frequently exhibit enhanced likelihood 

of entrainment as indicated by Strauss' index. Because 

lower Grand Lake is largely devoid of cover, the entrainment 

of these species may have resulted from their attraction to 

the cover afforded by the intake structure. Inasmuch as the 

intake structure offered cover, it also caused local 

vertical velocity gradients having an unknown effect on 

orientation and behavior (Hocutt and Edinger 1980). 

Fishes may become entrained because of behaviors that 

bring them into direct contact with the intake water 

currents at times when their vision is impaired or when 

intake hydraulics disorient their position in the flow 

(Helvey 1985). Confusion caused by these factors may 

prevent fishes from vacating areas where intake velocities 

make entrainment imminent. In addition, the Pensacola plant 
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is a load-control facility exhibiting frequent start-ups 

during peak electrical demand. This method of operation may 

have promoted entrainment of white crappie and channel 

catfish that were inhabiting the forebay during periods of 

non-generation. 

Entrainment was size-selective and consisted primarily 

of small, young-of-the-year individuals. Although the 

hydroelectric facility's trash racks precluded entrainment 

of exceptionally large individuals, it is likely that 

size-selective entrainment was a function of the positive 

relationship between swimming speed and body length (Jones 

et al. 1974). Large individuals could attain swimming 

speeds required to escape intake velocities whereas smaller 

fish were unable to escape and were entrained. High 

entrainment rates of young-of-the-year gizzard shad during 

winter were likely a product of their size-mediated swimming 

ability, sensitivity to low temperatures (Miller 1960; 

Heidinger 1983), and propensity to 'hibernate' in deep water 

during winter (Velasquez 1939; Jester and Jensen 1972). 

Seasonal changes in relative abundance were not 

reflected by similar entrainment rate changes. In fact, 

relative abundances in the lake were most often opposite 

those in the entrainment samples. Gizzard shad entrainment 

peaked during late winter and early spring coincident with 

their lowest CPUE rates and relative abundances in Grand 

Lake. Similarly, entrainment rates of other species (white 
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crappie and channel catfish) were highest in late summer, 

autumn, and early winter, corresponding temporally with 

their lowest CPUE rates and relative abundances. The 

apparent high susceptibility of gizzard shad to entrainment 

during winter may have been due, in part, to sampling gear 

limitations. Gill nets were the only gear used to sample 

the profunda! areas inhabited by the gizzard shad in the 

winter. Cold water renders passive gears less effective by 

reducing the activity of fish, ultimately leading to 

underrepresentation in the abundance estimates in the lake. 

The enhanced electivity index values (i.e., high 

susceptibility) may be an artifact of inadequate sampling 

gear performance, which artifically lowered the relative 

abundance estimates of gizzard shad in the winter samples of 

lower Grand Lake. 

Seasonal stratification of Grand Lake influenced 

vertical fish distributions and entrainment rates. Fish 

were absent from the hypolimnion, but the thermocline was 

typically present at depths below the upper edge of the 

turbine intakes. Accordingly, stratification capable of 

inhibiting entrainment was present only during mid-summer. 

The two lowest estimates of monthly turbine entrainment were 

recorded in August 1988 and July 1989 when dissolved oxygen 

concentrations were <2 mg/L over the entire range of depths 

encompassed by the intakes. Gizzard shad, white crappie, 

and channel catfish avoid waters with dissolved oxygen 
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concentrations less than 2 mg/L (Gebhart and Summerfelt 

1978). However, low rates of entrainment during these 

months suggested that stratification was destabilized by 

hydropower generation in the forebay of the intake structure 

and allowed habitation of the forebay structure at the depth 

of the intakes by fish. 

To minimize the effects of entrainment at hydropower 

facilities, methods to divert fish away from areas of high 

risk and practices to increase survival of entrained fish 

have been used. Operation of hydropower facilities at peak 

efficiency minimizes the probability of encounter of excess 

stress during turbine passage. Operatio~ at low efficiency 

subjects entrained fish to increased cavitation, excess 

turbulence, and shear forces. However, no single 

operational or design approach decreases mortality rates to 

<10% on a consistent basis (Cada 1988). Where operational 

or design alterations are not feasible, appreciable 

decreases in mortality- are best obtained through exclusion 

from areas of high entrainment risk. Due to the low 

entrainment rates of game fish and the seasonality of 

gizzard shad entrainment, implementation of entrainment 

deterrance devices would probably not lead to a significant 

improvement in the fishery of Grand Lake. 

In summary, entrainment of recreationally and 

commercially important sport and food fishes by the 

Pensacola Dam hydroelectric facility was limited because 
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these spec1es were not abundant in the vicinity of the dam 

and their relative susceptibilities to entrainment were low. 

Gizzard shad, especially young-of-the-year, were seasonally 

susceptible to entrainment, but dominance of the reservoir's 

fish assemblage by this species suggested that effects of 

entrainment were minimal or inconsequential. Because 

gizzard shad are often considered over-abundant in 

impoundments (Miller 1960; Jenkins 1957), it seems unlikely 

that selective entrainment of this species is deleterious to 

the ichthyofauna of Grand Lake. 

My research may be applicable to many morphologically 

similar southern reservoirs built primarily for hydropower 

generation. Application to smaller reservoirs, those not 

stratifying, or those with faster flushing rates (i.e., more 

riverine in nature) may be limited. Relevance to pumped­

storage facilities would only be incurred during generation 

periods and not to pump phases of operation. 
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Table 1. Total catches (N), mean catch-per-unit-effort 
(CPUE) values, and standard deviations (SD) of CPUE of all 
fish species in aggregate, by gear type, collected in Grand 
Lake, August 1988 to July 1989. 

Gill net Trap net Electrofishing 

Month N CPUE SD N CPUE SD N CPUE SD 

AUG 88 59 4.92 7.14 70 7.00 9.24 26 2.60 3.72 
SEP 88 47 3.92 8.50 57 5.70 ·5.11 73 7.30 10.35 
OCT 88 29 2.50 4.46 15 1.50 2.17 245 24.50 48.31 
NOV 88 16 1. 33 1.87 7 0.70 1.16 578 57.90 87.84 
DEC 88 38 3.17 6.64 32 3.20 2.10 115 12.10 21.55 
JAN 89 18 1.06 1.61 21 2.10 2.13 36 3.00 7.52 
FEB 89 39 2.44 6.90 5 0.50 0.71 161 13.42 32.22 
MAR 89 15 0.94 1. 39 64 6.40 9.81 326 27.17 71.84 
APR 89 88 5.50 6.95 124 12.40 13.47 207 17.25 20.94 
MAY 89 169 7.22 9.98 52 5.20 5.29 165 13.75 19.97 
JUN 89 142 8.88 16.49 100 10.00 13.22 87 7.25 9.19 
JUL 89 47 2.94 7.70 146 14.60 14.49 307 25.58 33.63 

707 3.80 8.06 693 5.78 9.06 2326 17.40 40.03 



Table 2. Turbine-entrainment susceptibilities of fishes in 
Grand Lake, August 1988 to July 1989. The relative 
abundances of fishes in entrainment and Grand Lake samples 
are denoted r and p, respectively. L is Strauss' linear 
electivity index. The symbols + and - represent positive 
and negative susceptibility, respectively. Probability 
values are given in parentheses (Wilcoxon's signed rank 
test). -

Species r p L Susceptibility 

Gizzard shad 0.995 0.342 +0.653 + (0.0008) 
White crappie 0.002 0.143 -0.141 (<0.0002) 
Channel catfish 0.002 0.036 -0.034 (<0.0002) 
Bluegill <0.001 0.135 -0.135 (<0.0002) 
Blue catfish <0.001 0.003 -0.003 (<0.0002) 
Green sunfish <0.001 0.017 -0.017 (<0.0002) 
Bigmouth buffalo <0.001 0.000 +<0.001 (<0.0002) 
Freshwater drum <0.001 0.007 -0.007 (<0.0002) 
White bass <0.001 0.074 -0.074 (<0.0002) 
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FIGURE CAPTIONS 

1. Diagrammatic Representation of Pensacola Dam 

Hydroelectric Facility Showing Structures 

Referred to in Text. 

2. Fish Sampling Blocks in the Lower Grand Lake 

Study Area. 

3. Relative Numeric Abundances (%) of Fishes 

Constituting >1% of the Total Catch Captured 

Using all Gear Types in Lower Grand Lake, 

August 1988 to July 1989. 

4. Numeric Catch-Per-Unit-Effort Rates (+1 SD) by 

Gear and Combined-Gear catch Index Values 

of all Fishes in Aggregate, Lower Grand Lake, 

August 1988 to July 1989. 

5. Length-Frequency Distributions of Gizzard Shad 

Collected in Grand Lake Samples and Entrainment 

Samples August 1988 to July 1989. 

6. Monthly Entrainment susceptibility Trends for 

Gizzard Shad, White Crappie, and Channel catfish 

Calculated as Electivity Indices from August 1988 

to July 1989. 
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7. Water Temperature and Dissolved oxygen Concentration 

Profiles Directly Upstream From the Pensacola 

Dam Hydroelectric Facility, August and 

34 

october 1988. The bars along the right vertical axes 

indicate the depths of the turbine intakes. 

8. Water Temperature and Dissolved Oxygen Concentration 

Profiles Directly Upstream From the Pensacola 

Dam Hydroelectric Facility, November 1988 

and May 1989. The bars along the right vertical axes 

indicate the depths of the turbine intakes. 
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Table A.l. Monthly entrainment rates of all fishes 
entrained at Pensacola Dam hydroelectric facility, August 
1988 to July 1989 (Fisher and Zale 1990). 

Blue Green Big- Fresh-

Gio::~~ard White Channel Blue- cat- sun- mouth water White Uniden-

Month Total shad crappie catfish gill fish fish buffalo drum bass tified 

Aug 88 9150 4488 4026 0 0 0 0 0 636 0 0 

Sep 89 14706 6491 2047 1934 2744 722 0 0 0 816 0 

Oct 88 16272 7852 1035 3984 0 913 0 0 0 0 2488 

Nov 88 21563 4474 11454 3227 0 0 0 0 0 0 0 

Dec 88 55144 37708 4104 9640 0 0 2408 0 0 0 0 

Jan 89 21500 17307 4193 0 0 0 0 2314 1377 0 0 

Feb 89 8949493 8949493 0 0 0 0 0 0 0 0 0 

Mar 89 4270989 4266504 0 4449 0 0 0 0 0 0 0 

Apr 89 925433 920816 4623 0 0 0 0 0 0 0 0 

May 89 998264 992382 0 1850 2190 1850 0 0 0 0 0 

Jun 89 44319 44319 0 0 0 0 0 0 0 0 0 

Jul 89 5950 5950 0 0 0 0 0 0 0 0 0 

Total 15257784 31482 2498 493 3535 2408 2314 2013 816 2488 

Percent 99.5 0.21 0.16 0.03 0.02 0.01 0.01 0.01 <0.01 0.02 
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Table B.1. Turbine-entrainment susceptibilities of fishes 
in Grand Lake, August 1988. The relative abundances of 
fishes in entrainment and Grand Lake samples are denoted r 
and p, respectively. L is Strauss' linear electivity index. 
The symbols +, R, and - represent positive, random, and 
negative susceptibility, respectively. Probability values 
are given in parentheses. Probability values >0.05 were 
judged as indicating random susceptibility (Wilcoxon's 
signed rank test) . 

Species r p L Susceptibility 

Gizzard shad 0.490 0.148 +0.342 R (0.9680) 
White crappie 0.440 0.439 +0.001 R (0.6892) 
Channel catfish 0 0.045 -0.045 (0.0434) 
Bluegill 0 0.084 -0.084 (0.0434) 
Blue catfish 0 0.006 -0.006 (0.0434) 
Green sunfish 0 0.026 -0.026 (0.0434) 
Bigmouth buffalo 0 0 
Freshwater drum 0.070 0.026 +0.044 R (0.5028) 
White bass 0 0.084 -0.084 (0.0434) 

Table B.32. Turbine-entrainment susceptibilities of fishes 
in Grand Lake, September 1988. The relative abundances of 
fishes in entrainment and Grand Lake samples are denoted r 
and p, respectively. L is Strauss' linear electivity index. 
The symbols+, R, and- represent.positive, random, and 
negative susceptibility, respectively. Probability values 
are given in parentheses. Probability values >0.05 were 
judged as indicating random susceptibility (Wilcoxon's 
signed rank test). 

Species r p L Susceptibility 

Gizzard shad 0.441 0.299 +0.142 R (0.9602) 
White crappie 0.139 0.090 +0.049 R (0.0075) 
Channel catfish 0.125 0.023 +0.102 R (0.3844) 
Bluegill 0.187 0.395 -0.208 R (0.3844) 
Blue catfish 0.052 0 +0.052 R (0.3174) 
Green sunfish 0 0.034 -0.034 (0.0052) 
Bigmouth buffalo 0 0 
Freshwater drum 0 0 
White bass 0.055 0.028 +0.027 R (0.0750) 
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Table B.3. Turbine-entrainment susceptibilities of fishes 
in Grand Lake, October 1988. The relative abundances of 
fishes in entrainment and Grand Lake samples are denoted r 
and p, respectively. L is Strauss' linear electivity index. 
The symbols +, R, and - represent positive, random, and 
negative susceptibility, respectively. Probability values 
are given in parentheses. Probability values >0.05 were 
judged as indicating random susceptibility (Wilcoxon's 
signed rank test). 

Species r p L Susceptibility 

Gizzard shad 0.482 0.644 -0.162 R (0.2628) 
White crappie 0.064 0.045 +0.019 R (0.1616) 
Channel catfis 0.245 0.003 +0.242 R (0.6744) 
Bluegill 0 0.080 -0.080 (0.0118) 
Blue catfish 0.056 0.010 +0.046 R (0.1616) 
Green sunfish 0 0.017 -0.017 (0.0118) 
Bigmouth buffalo 0 0 
Freshwater drum 0 0.017 -0.017 (0.0118) 
White bass 0 0.017 -0.017 (0.0118) 

Table B.4. Turbine-entrainment susceptibilities of fishes 
in Grand Lake, November 1988. The relative abundances of 
fishes in entrainment and Grand Lake samples are denoted r 
and p, respectively. L is Strauss' linear electivity index. 
The symbols +, R, and - represent positive, random, and 
negative susceptibility, respectively. Probability values 
are given in parentheses. Probability values >0.05 were 
judged as indicating random susceptibility (Wilcoxon's 
signed rank test) . · 

Species r p L Susceptibility 

Gizzard shad 0.207 0.890 -0.683 (0.0434) 
White crappie 0.531 0.012 +0.519 R (0.0802) 
Channel catfish 0.150 0.007 +0.143 R (0.5028) 
Bluegill 0 0.030 -0.030 (0.0434) 
Blue catfish 0 0.002 -0.002 (0.0434) 
Green sunfish 0.112 0.005 +0.107 R (0.5028) 
Bigmouth buffalo 0 0 
Freshwater drum 0 0.002 -0.002 (0.0434) 
White bass 0 0.008 -0.008 (0.0434) 
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Table B.5. Turbine-entrainment susceptibilities of fishes 
in Grand Lake, December 1988. The relative abundances of 
fishes in entrainment and Grand Lake samples are denoted r 
and p, respectively. L is Strauss' linear electivity index. 
The symbols +, R, and - represent positive, random, and 
negative susceptibility, respectively. Probability values 
are given in parentheses. Probability values >0.05 were 
judged as indicating random susceptibility (Wilcoxon's 
signed rank test). 

Species r p L Susceptibility 

Gizzard shad 0.684 0.530 +0.154 R (0.6600) 
White crappie 0.074 0.097 -0.023 R (0.2846) 
Channel catfish 0.175 0.049 +0.126 R (0.0512) 
Bluegill 0 0.108 -0.108 (0.0034) 
Blue catfish 0 0 
Green sunfish 0 0.016 -0.016 (0.0034) 
Bigmouth buffalo 0.042 0 +0.042 R (0.3174) 
Freshwater drum 0.025 0 +0.025 R (0.3174) 
White bass 0 0.070 -0.070 (0.0034) 

Table B.6. Turbine-entrainment susceptibilities of fishes 
in Grand Lake, January 1989. The relative abundances of 
fishes in entrainment and Grand Lake samples are denoted r 
and p, respectively. L is Strauss' linear electivity index. 
The symbols +, R, and - represent positive, random, and 
negative susceptibility, respectively. Probability values 
are given in parentheses. Probability values >0.05 were 
judged as indicating random susceptibility (Wilcoxon's 
signed rank test). 

Species r p L Susceptibility 

Gizzard shad 0.805 0 +0.805 R ( 1. 0000) 
White crappie 0.195 0.200 +0.005 R (1.0000) 
Channel catfish 0 0.040 -0.040 R (0.1096) 
Bluegill 0 0.120 -0.120 R (0.1096) 
Blue catfish 0 0.013 -0.013 R (0.1096) 
Green sunfish 0 0 
Bigmouth buffalo 0 0 
Freshwater drum 0 0.013 -0.013 R (0.1096) 
White bass 0 0.147 -0.147 R (0.1096) 
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Table B.7. Turbine-entrainment susceptibilities of fishes 
in Grand Lake, February 1989. The relative abundances of 
fishes in entrainment and Grand Lake samples are denoted r 
and p, respectively. L is Strauss' linear electivity index. 
The symbols +, R, and - represent positive, random, and 
negative susceptibility, respectively. Probability values 
are given in parentheses. Probability values >0.05 were 
judged as indicating random susceptibility (Wilcoxon's 
signed rank test). 

Species r p L Susceptibility 

Gizzard shad 1.000 0.029 +0.971 + (<0.0002) 
White crappie 0 0.020 -0.020 (<0.0002) 
Channel catfish 0 0.034 -0.034 (<0.0002) 
Bluegill 0 0.005 -0.005 (<0.0002) 
Blue catfish 0 0.005 -0.005 (<0.0002) 
Green sunfish 0 0.005 -0.005 (<0.0002) 
Bigmouth buffalo 0 0 
Freshwater drum 0 0 
White bass 0 0.117 -0.117 (<0.0002) 

Table B.8. Turbine-entrainment susceptibilities of fishes 
in Grand Lake, March ,1989. The relative abundances of 
fishes in entrainment and Grand Lake samples are denoted r 
and p, respectively. L is Strauss' linear electivity index. 
The symbols +, R, and - represent positive, random, and 
negative susceptibility, respectively. Probability values 
are given in parentheses. Probability values >0.05 were 
judged as indicating random susceptibility (Wilcoxon's 
signed rank test). 

Species r 

Gizzard shad 0.999 
White crappie 0 
Channel catfish 0.001 
Bluegill 0 
Blue catfish 0 
Green sunfish 0 
Bigmouth buffalo 0 
Freshwater drum 0 
White bass 0 

p 

0.017 
0.123 
0.015 
0.049 
0 
0 
0 
0 
0.017 

L Susceptibility 

+0.982 
-0.123 
-0.014 
-0.049 

-0.017 

+ (<0.0002) 
(<0.0002) 
(<0.0002) 
(<0.0002) 

(<0.0002) 
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Table B.9. Turbine-entrainment susceptibilities of fishes 
in Grand Lake, April 1989. The relative abundances of 
fishes in entrainment and Grand Lake samples are denoted r 
and p, respectively. L is Strauss' linear electivity index. 
The symbols +, R, and - represent positive, random, and 
negative susceptibility, respectively. Probability values 
are given in parentheses. Probability values >0.05 were 
judged as indicating random susceptibility (Wilcoxon's 
signed rank test). 

Species r p L Susceptibility 

Gizzard shad 0.995 0.303 +0.692 + (<0.0002) 
White crappie 0.005 0.255 -0.250 (<0.0010) 
Channel catfish 0 0.021 -0.021 (<0.0002) 
Bluegill 0 0.131 -0.131 (<0.0002) 
Blue catfish 0 0 
Green sunfish 0 0.021 -0.021 (<0.0002) 
Bigmouth buffalo 0 0 
Freshwater drum 0 0.005 -0.005 (<0.0002) 
White bass 0 0.122 -0.122 (<0.0002) 

Table B.10. Turbine-entrainment susceptibilities of fishes 
in Grand Lake, May 1989. The relative abundances of fishes 
in entrainment and Grand Lake samples are denoted r and p, 
respectively. L is Strauss' linear electivity index. The 
symbols +, R, and - represent positive, random, and negative 
susceptibility, respectively. Probability values are given 
in parentheses. Probability values >0.05 were judged as 
indicating random susceptibility (Wilcoxon's signed rank 
test) . 

Species r p L Susceptibility 

Gizzard shad 0.994 0.189 +0.805 + (<0.0002) 
White crappie 0 0.212 -0.212 (<0.0002) 
Channel catfish 0.002 0.093 -0.091 (<0.0002) 
Bluegill 0.002 0.111 -0.109 (0.0010) 
Blue catfish 0.002 0.010 -0.008 (<0.0002) 
Green sunfish 0 0.036 -0.036 (<0.0002) 
Bigmouth buffalo 0 0 
Freshwater drum 0 0.008 -0.008 (<0.0002) 
White bass 0 0.150 -0.150 (<0.0002) 
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Table B.ll. Turbine-entrainment susceptibilities of fishes 
in Grand Lake, June 1989. The relative abundances of fishes 
in entrainment and Grand Lake samples are denoted r and p, 
respectively. L is Strauss' linear electivity index. The 
symbols +, R, and - represent positive, random, and negative 
susceptibility, respectively. Probability values are given 
in parentheses. Probability values >0.05 were judged as 
indicating random susceptibility (Wilcoxon's signed rank 
test). 

Species r p L Susceptibility 

Gizzard shad 1. 000 0.195 +0.805 + (0.0434) 
White crappie 0 0.210 -·0.210 (0.0434) 
Channel catfish 0 0.137 -0.137 (0.0434) 
Bluegill 0 0.222 -0.222 (0.0434) 
Blue catfish 0 0 
Green sunfish 0 0.021 -0.021 (0.0434) 
Bigmouth buffalo 0 0 
Freshwater drum 0 0 
White bass 0 0.018 -0.018 {0.0434) 

Table B.l2. Turbine-entrainment susceptibilities of fishes 
in Grand Lake, July 1989. The relative abundances of fishes 
in entraipment and Grand Lake samples are denoted r and p, 
respectively. L is strauss' linear electivity index. The 
symbols +, R, and - represent positive, random, and negative 
susceptibility, respectively. Probability values are given 
in parentheses. Probability values >0.05 were judged as 
indicating random susceptibility (Wilcoxon's signed rank 
test). 

Species r p L Susceptibility 

Gizzard shad 1. 000 0.206 +0.794 R (0.6528) 
White crappie 0 0.166 -0.166 R (0.1802) 
Channel catfish 0 0.001 -0.001 R (0.1802) 
Bluegill 0 0.316 -0.316 R (0.1802) 
Blue catfish 0 0 
Green sunfish 0 0.020 -0.020 R (0.1802) 
Bigmouth buffalo 0 0 
Freshwater drum 0 0.014 -0.014 R (0.1802) 
White bass 0 0.154 -0.154 R (0.1802) 
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Table c.1. Total catches (N) and relative abundances (%) of fishes 
captured with gill nets, trap nets, and by electrofishing in Grand Lake, 
August 1988 to July 1989. 

Gill net Trap net Electrofishing 

Species N % N i N \ 

Blue catfish Ictalurus furcatus 11 1.6 0 0.0 0 0.0 

Bluegill Lepomis macrochirus 0 0.0 260 37.5 243 10.4 

Brook silverside Labidesthes sicculus 0 0.0 0 0.0 518 22.3 

Channel catfish Ictalurus punctatus 130 18.4 2 0.3 4 0.2 

Common carp Cyprinus carpio 11 1.6 1 0.1 11 0.5 

Freshwater drum Aplodinotus qrunniens 13 1.8 3 0.4 10 0.4 

Flathead catfish Polyodictus olivaris 2 0. 3 0 0. 0 0 0. 0 

Green sunfish Lepomis £Y.anellus 0 0.0 18 2.6 44 1.9 

Gizzard shad Dorosoma cepedianum 72 10.2 1 0.1 1202 51.7 

Hybrid striped bass ~ saxatilis x ~- chrysops 34 4. 8 0 0. 0 0 0. 0 

Hybrid sunfish Lepcmis sp. 0 0.0 3 0.4 1 <0.1 

Longear sunfish Lepomis megalotis 0 0.0 17 2.5 46 2.0 

Logperch Percina caprodes 0 0. 0 0 0. 0 8 0. 3 

Largemouth bass Micropterus salmoides 5 0. 7 19 2. 7 81 3. 5 

Longnose gar Lepisosteus ~ 0 0. 0 0 0. 0 2 0.1 

Paddlefish Polyodon spathula 7 1.0 0 0.0 0 0.0 

Rainbow trout Oncorhynchus mykiss 2 0. 3 0 0. 0 1 <0 .1 

River carpsucker Carpiodes carpio 5 0 • 7 0 0 • 0 6 0 • 3 

Redear sunfish Lepomis microlophus 0 0. 0 1 0. 1 0 0. 0 

Smallmouth buffalo Ictiobus bubalus 52 7. 4 1 0. 1 2 7 1. 2 

Slender madtom ~ exilis 0 0.0 0 0.0 1 <0.1 

Spotted bass Micropterus punctulatus 3 0. 4 2 0. 3 30 1. 3 

White bass Morone chrysops 192 27.2 0 0.0 83 3.6 

White crappie Pomoxis annularis 168 23.8 358 51.7 6 0.3 

Warmouth Lepomis gulos is 0 0. 0 7 1. 0 2 0. 1 

TOTAL 707 693 2326 

Combined 

N 

11 

514 

518 

136 

23 

26 

2 

62 

1275 

34 

4 

63 

8 

105 

2 

7 

3 

11 

1 

80 

1 

35 

275 

532 

9 

3726 

' 

0.3 

13.8 

27.7 

3.7 

0.6 

0.7 

0.1 

1.7 

34.2 

0.9 

0.1 

1.7 

0.2 

2.8 

0.1 

0.2 

0.1 

0.3 

<0.1 

2.1 

<0.1 

0.9 

7.4 

14.3 

0.2 
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Table 0.1. Sums of squares (SS), F, and probability values (P) of 
analyses of variance testing whether differences existed among monthly 
mean numeric catch-per-unit-effort rates, by gear, of fishes collected 
in Grand Lake, August 1988 to July 1989. Asterisks denote significant 
differences (alpha 0.05). 

Species Gill net 

ss F p 

Blue catfish 1. 34 1.15 0.3280 

Bluegill 

Brook silverside 

Channel catfish 108.61 1.85 0.0505 

Common carp 0.59 0.73 0.7079 

Freshwater drum 2.44 1.55 0.1186 

Flathead catfish 0.23 1.88 0.0449* 

Green sunfish 

Gizzard shad 85.73 1. 75 0.0665 

Hybrid striped bass 11.64 1.22 0.2755 

Hybrid sunfish 

Longear sunfish 

Logperch 

Largemouth bass 0.42 0.94 0.5014 

Longnose gar 

Paddlefl.sh 0.37 1.11 0.3594 

Rainbow trout 0.06 0.88 0.5617 

River carpsucker 0.58 0.83 0.6134 

Redear sunfish 

Smallmouth buffalo 24.09 1.30 0.2282 

Slender madtom 

Spotted bass 0.51 1.67 0.0814 

White bass 138.14 1.58 0.1081 

White crappie 135.96 1.80 0.0572 

Warmouth 

TOTAL 1045.76 1.51 0.1320 

ss 
Trap net 

F 

845.07 3.10 

0.17 0.91 

0.09 1.00 

0.27 0.73 

2.30 1.19 

0.09 1.00 

0.43 0.93 

7.49 0.84 

6.49 2.50 

0.09 1.00 

0.09 1.00 

0.17 0.91 

795.57 1.80 

0.05 0.94 

2338.43 3.09 

p 

0.0012* 

0.5344 

0.4513 

0.7102 

0.3036 

0.4513 

0.5173 

0.5964 

0.0077* 

0.4513 

0.4513 

0.5344 

0.0622 

o. 5017 

0.0012* 

Electrofishing 

ss F p 

320.90 1.64 0.0956 

7642.59 1.30 0. 2 329 

0.40 0.80 0.6363 

1.08 0.80 0.6418 

1.27 1.41 0.1761 

10.05 0.53 0.8783 

24836.80 3.30 0.0005* 

0.09 1.14 0.3363 

15.37 1.25 0. 2 642 

2.11 0.92 0.5247 

37.55 1.20 0.2927 

0.14 0.83 0. 6127 

0.07 0.92 0.5255 

0.41 0.87 0.5762 

15.99 2.55 0.0062* 

0.07 0.92 0.5255 

8.05 1. 37 0.1961 

420.59 0.93 0.5169 

0.96 0.84 0.6025 

0.30 0.92 0.5255 

26340.49 1. 56 0.1177 
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