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Canadian - Upper Red Table 15
Region 1 Flood i by the RFPG

Flood Risk Type

FME Estimated RFPG
Riveri E
FME ID FME Name Description Associated Goals Counties HUC8s HUC12s Watershed Name Area Co:sglerllj"r:an Sponsor Entities with Oversight N’::;g(:;::; Study Cost Recommendation Reason for Recommendation
sqmi g ! Y/N
(sqmi) Playa Other) ($) (Y/N)
Middle Canadian-
Trujillo, Punta de
11030101, 11050102, 11030103, Agua, Rita Blanca, Riverine and Oldham, Moore, Hartley, Sherman, Dallam, Panhandle Regional Planning Commission, Red River Action aligns with goals and
011000019 Hartley County FIS Perform flood insurance study for the county and develop regulatory mapping 01000001, 01000002 Hartley 11090104, 11090105, 11100103, - Carrizo, Lake 1466.1 Hartley ’ ’ 4 - ! ) 8 8 ' No $1,361,000 Yes B! g
N Playa Authority of Texas, Channing, Dalhart meets TWDB guidance
11100104 Meredith,
Coldwater, Palo
Duro
Lower Prairie Dog
Town Fork Red, . Cottle, Hardeman, Childress, Hall, Collingsworth, Nortex Regional Planning Commission, . N N
11120105, 11130101, 11130103, R d . . . o . N . Acti | ith I d
011000020 Childress County FIS Perform flood insurance study for the county and develop regulatory mapping 01000001, 01000002 Childress - Groesbeck-Sandy, 713.1 verine an Childress Panhandle Regional Planning Commission, Red River Authority of Texas, Greenbelt Municipal & No $711,000 Yes ction aligns wi goa s an
11130105 Playa N . ) meets TWDB guidance
North Pease, North Industrial Water Authority, Childress
Pease
Upper Prairie Dog " . " . .
Town Fork Red Cottle, Motley, Childress, Hall, Briscoe, Collingsworth, Donley, Nortex Regional Planning
4 Riveri d C ission, Panhandle Regional Planning C ission, South Plains A: iati f G t: Acti If ith Is and
011000021 Hall County FIs Perform flood insurance study for the county and develop regulatory mapping 01000001, 01000002 Hall 11120103, 11120105, 11130103 - Lower Prairie Dog | 903.4 verine an Hall ommission, Fantancie eglonal Tianning -ommission, South Flans Association ot Bovernments, No $892,000 Yes ction aflgns With 8oa’s an
Town Fork Red Playa Red River Authority of Texas, Greenbelt Municipal & Industrial Water Authority, Lakeview, meets TWDB guidance
' Memphis, Estelline, Turkey
North Pease
Upper Prairie Dog
Town Fork Red, Motley, Floyd, Hall, Briscoe, Swisher, Donley, Armstrong, Panhandle Regional Planning
011000022 Briscoe County FIS Perform flood insurance study for the county and develop regulatory mapping 01000001, 01000002 Briscoe 11120103, 11120104, 11120105, - Tule, Lower Prairie 901.4 Riverine and Briscoe Commission, South Plains Association of Governments, Red River Authority of Texas, Mackenzie No $902,000 Yes Action aligns with goals and
11130103 Dog Town Fork Red, Playa . ) - . : " " meets TWDB guidance
. Municipal Water Authority, Greenbelt Municipal & Industrial Water Authority, Quitaque, Silverton
Lower Prairie Dog
Town Fork Red
Upper Prairie Dog Riverine and Floyd, Hale, Briscoe, Swisher, Castro, Armstrong, Randall, Panhandle Regional Planning Action aligns with goals and
011000023 Swisher County FIS Perform flood insurance study for the county and develop regulatory mapping 01000001, 01000002 Swisher 11120103, 11120104, 11130103 - Town Fork Red, 827.5 Playa Swisher Commission, South Plains Association of Governments, Red River Authority of Texas, Brazos River No $929,000 Yes meets $WDB u?dance
Tule, North Pease Y Authority, Mackenzie Municipal Water Authority, Tulia, Kress, Happy g
111201010406, 111201010407, 111201010505, 111201040101,
111201040102, 111201040103, 111201040104, 111201040105
Y ’ g ' Riveri d Swisher, Castro, P: , Randall, Deaf Smith, Panhandle Regional Planning C: ission, Red Ri Acti If ith Is and
011000024 Castro County FIS Perform flood insurance study for the county and develop regulatory mapping 01000001, 01000002 Castro 11120101, 11120104 111201040201, 111201040202, 111201040203, 111201040204, | Tierra Blanca, Tule | 447.3 e o Castro o of torie. B Rvnr AU N g Commission, Ree Hver No $873,000 Yes o oD oo
111201040301, 111201040302, 111201040303, 111201040304, v v ' v &
111201040401, 111201040402
111201010201, 111201010204, 111201010307, 111201010401,
. R 111201010402, 111201010403, 111201010404, 111201010405, | _. Riverine and Castro, Parmer, Deaf Smith, Panhandle Regional Planning Commission, Red River Authority of Action aligns with goals and
011000025 Parmer County FIS Perform flood insurance study for the county and develop regulatory mapping 01000001, 01000002 Parmer 11120101, 11120104 111201010406, 111201010407, 111201010504, 111201010505, Tierra Blanca, Tule 331.4 Playa Parmer Texas, Brazos River Authority, Friona No $789,000 Yes meets TWDB guidance
111201040102
Lower Prairie Dog
Town Fork Red, Childress, Hall, Collingsworth, Donley, Wheeler, Gray, Panhandle Regional Planning Commission, . " N
11120105, 11120202, 11120304, - " - N e, . Acti | ith Is and
011000026 Collingsworth County FIS Perform flood insurance study for the county and develop regulatory mapping 01000001, 01000002 Collingsworth 11130101 - Lower Salt Fork 919.2 Riverine Collingsworth Red River Authority of Texas, Wheeler County Water Supply District, Greenbelt Municipal & No $909,000 Yes Crlnoene:sliw[\;: u?g:nsc:n
Red, EIm Fork Red, Industrial Water Authority, Dodson, Wellington 8!
EIm Fork Red
Upper Prairie Dog
Town Fork Red,
Lower Prairie Dog
11120103, 11120105, 11120201, Town Fork Red, Riverine and Carson, Hall, Briscoe, Collingsworth, Donley, Armstrong, Wheeler, Gray, Panhandle Regional Action aligns with goals and

011000027 Donley County FIS Perform flood insurance study for the county and develop regulatory mapping 01000001, 01000002 Donley - Upper Salt Fork 933.0 Donley Planning Commission, Red River Authority of Texas, Greenbelt Municipal & Industrial Water No $957,000 Yes

11120202, 11120301, 11120304 Pl N . ts TWDB guid:
Red, Lower Salt ava Authority, Hedley, Clarendon, Howardwick meets guidance
Fork Red, Upper
North Fork Red, Elm
Fork Red
Upper Prairie Dog
Town Fork Red, Riverine and Carson, Potter, Briscoe, Swisher, Donley, Armstrong, Randall, Gray, Panhandle Regional Planning Action aligns with goals and
011000028 Armstrong County FIS Perform flood insurance study for the county and develop regulatory mapping 01000001, 01000002 Armstrong 11120103, 11120201, 11120301 - Upper Salt Fork 912.0 Plava Armstrong Commission, Red River Authority of Texas, Greenbelt Municipal & Industrial Water Authority, No $863,000 Yes meets $WDB u?dance
Red, Upper North v Claude 8!
Fork Red
Middle Canadian-
11090101, 11120101, 11120102, Trujillo, Ti Riveri d Potter, Oldh: Castro, P: Randall, Deaf Smith, Panhandle Regional Planning C issi Acti If ith I d
011000029 Deaf Smith County FIS Perform flood insurance study for the county and develop regulatory mapping 01000001, 01000002 Deaf Smith ! ’ Y - ruito, tierra 1497.9 verine an Deaf Smith otter, am, f-astro, Farmer, Randatl, Deat smith, Fanhandie Reglonal Flanning tomrmission, No $1,283,000 Yes ction aligns With goa’s an
11120104 Blanca, Palo Duro, Playa Red River Authority of Texas, Llano Estacado Water District, Deaf Smith County FWSD 1, Hereford meets TWDB guidance
Palo Duro
Lower Salt Fork
Red, Upper North . " . .
) . Hemphill, Roberts, Collingsworth, Donley, Wheeler, Gray, Panhandle Regional Planning . N N
11120202, 11120301, 11120302, Fork Red, Middl R d Acti | ith I d
011000030 Wheeler County FIS Perform flood insurance study for the county and develop regulatory mapping 01000001, 01000002 Wheeler ! ’ ! - oriched, Middle 916.0 fverine an Wheeler Commission, Red River Authority of Texas, Wheeler County Water Supply District, Greenbelt No $892,000 Yes ction aligns wi ?°a s an
11120304, 11130301 North Fork Red, EIm Playa L . N . meets TWDB guidance
) Municipal & Industrial Water Authority, Mobeetie, Shamrock, Wheeler
Fork Red, Washita
Headwaters
Upper Beaver, Riverine and Hutchinson, Moore, Hartley, Sherman, Dallam, Hansford, Panhandle Regional Plannin, Action aligns with goals and
011000031 Sherman County FIS Perform flood insurance study for the county and develop regulatory mapping 01000001, 01000002 Sherman 11100101, 11100103, 11100104 - Coldwater, Palo 926.1 Sherman o . ! ) v, ’ C . & 8 No $838,000 Yes B! g
Duro Playa Commission, Red River Authority of Texas, Palo Duro River Authority, Cactus, Stratford, Texhoma meets TWDB guidance
Punta de Agua, Rita
11090102, 11090103, 11090104, Blanca, Carrizo, Riverine and Moore, Hartley, Sherman, Dallam, Panhandle Regional Planning Commission, Red River Authority Action aligns with goals and
011000032 Dallam County FIS Perf flood i tudy for th t d devel lat i 01000001, 01000002 Dall ! ’ ! - ] B 1510.5 Dall ! ! ' ! ' N 1,297,000 Ye
allam Lounty ertorm tlood insurance stucy for the county and develop regulatory mapping g atlam 11100101, 11100103, 11100104 pper Beaver, Playa atlam of Texas, Dalhart, Texline °© $1,297, s meets TWDB guidance
Coldwater, Palo
Duro
Middle Canadian-
Spring, Lower
N . N . 11090106, 11090201, 11100201, Canadian-Deer, Riverine and . Hemphill, Roberts, Lipscomb, Ochiltree, Panhandle Regional Planning Commission, Red River Action aligns with goals and
011000033 Li b County FIS Perf flood tudy for th ty and devel lat 01000001, 01000002 Li b - 936.3 Li b ) _ N 924,000 Y N
Ipscomb County ertorm flood insurance stuly or the county and develop regulatory mapping ipscom 11100202, 11100203 Lower Beaver, Playa ipscom Authority of Texas, Follett, Darrouzett, Higgins, Booker ° $ s meets TWDB guidance
Upper Wolf, Lower
Wolf
Middle Canadian-
11090106, 11100102, 11100104, Spring, Middle Riverine and Roberts, Hutchinson, Lipscomb, Ochiltree, Hansford, Panhandle Regional Planning Commission, Action aligns with goals and
011000034 Ochiltree County FIS Perf flood i tudy for th t d devel lati i 01000001, 01000002 Ochilt ! ! ! - B Palo D 9225 Ochilt . ! ! ! y ! N 859,000 Ye
chiltree Lounty ertorm tood Insurance stucy for the county and develop regulatory mapping ’ chiltree 11100201, 11100202 eaver, alo buro, Playa chiltree Red River Authority of Texas, Palo Duro River Authority, Booker, Perryton °© 9859, s meets TWDB guidance
Lower Beaver,
Upper Wolf
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Canadian - Upper Red

Table 15

by the RFPG

Region 1 Flood
pme | Flood RiskType Estimated RFPG
L . . (Riverine, . " . Emergency . .
FME ID FME Name Description Associated Goals Counties HUC8s HUC12s Watershed Name Area Coastal, Urban, Sponsor Entities with Oversight Need (V/N) Study Cost Recommendation Reason for Recommendation
sqmi g ! Y/N
(sqmi) Playa Other) ) v/
Middle Canadian-
. . 11090106, 11100103, 11100104, Spring, Coldwater, Riverine and Roberts, Hutchinson, Moore, Sherman, Ochiltree, Hansford, Panhandle Regional Planning Action aligns with goals and
011000035 Hansford County FIS Perf flood tudy for th ty and devel lat 01000001, 01000002 Hansford - 923.9 Hansford N 841,000 Y
anstord tounty ertorm flood insurance study for the county and develop regulatory mapping anstor 11100202 Palo Duro, Palo Playa anstor Commission, Red River Authority of Texas, Palo Duro River Authority, Spearman, Gruver ° $ s meets TWDB guidance
Duro
N . 111302010508, 111302010701, 111302010702, 111302010703, L Cooke, Montague, Nortex Regional Planning Commission, Texoma Council of Governments, Red Action aligns with goals and
011000036 Cooke County FIS Update flood tudy for th it d devel lat 01000001, 01000002 Cook 11130201 F -Mud 177.1 R Cooke . N o . . . . N 917,000 Ye >
ooke Lounty pdate floodinsurance study forthe county and develop reguiatory mapping ooke 111302010704, 111302010705, 111302010707, 111302010708 armers-hu lverine ooke River Authority of Texas, Greater Texoma Utility Authortiy, Gainesville, Lindsay °© $ es meets TWDB guidance
Farmers-Mud, Little Cooke, Montague, Clay, Nortex Regional Planning Commission, Texoma Council of Governments, Action aligns with goals and
011000037 Montague County FIS Update flood insurance study for the county and develop regulatory mapping 01000001, 01000002 Montague 11130201, 11130209, 12030103 - Wichita, Elm Fork 529.4 Riverine Montague Red River Authority of Texas, Clear Creek Watershed Authority, Farmers Creek Watershed No $981,000 Yes meets $WDB u?dance
Trinity Authority, Bowie Water Supply District, St. Jo, Bowie, Nocona g
Blue-China, Wichita, - Clay, Wichita, Wilbarger, Baylor, Archer, Nortex Regional Planning Commission, Red River . . )
L . . . 11130102, 11130206, 11130207, Ri d . 3 - - Acti | ith Is and
011000038 Wichita County FIS Update flood insurance study for the county and develop regulatory mapping 01000001, 01000002 Wichita - Southern Beaver, 617.3 lverine an Wichita Authority of Texas, Archer County MUD 1, Wichita County Water Improvement District 2, No $643,000 Yes ction aligns wi 5°a s an
11130209 Playa s . " N " meets TWDB guidance
Southern Beaver Burkburnett, Electra, Pleasant Valley, lowa Park, Wichita Falls, Cashion Community, Lakeside City
Riveri d Floyd, Hale, Swisher, Panhandle Regional Planning Ct ission, South Plains Associati f Acti iy ith Is and
011000039 Hale County FIS Update flood insurance study for the county and develop regulatory mapping 01000001, 01000002 Hale 11120104, 11130103 111201040602, 111301030202 Tule, North Pease | 7.0 \verine an Hale oye, Hale, swisher, Panhancie Reglona’ Planning tommission, south Piains Assoctation o No $1,076,000 Yes ction aflgns with goa's an
Playa Governments, Red River Authority of Texas, Brazos River Authority meets TWDB guidance
Lake Meredith, Palo
Duro, Upper Prairie N Carson, Potter, Oldham, Moore, Armstrong, Randall, Deaf Smith, Panhandle Regional Planning . " N
11090105, 11120102, 11120103, Ri d o . s N " - B Acti | ith Is and
011000040 Potter County FIS Update flood insurance study for the county and develop regulatory mapping 01000001, 01000002 Potter 11120301 - Dog Town Fork Red,| 922.8 Ive':;:e:n Potter Commission, Red River Authority of Texas, Canadian River Municipal Water Authority, Palo Duro No $929,000 Yes Crlnoene:sliw[\;: u?g:nsc:n
Upper Prairie Dog v River Authority, Llano Estacado Water District, Potter County FWSD 1, Amarillo, Bishop Hills 8!
Town Fork Red
Lake Meredith,
Tierra Blanca, Palo Carson, Potter, Oldham, Swisher, Castro, Armstrong, Randall, Deaf Smith, Panhandle Regional
. . 11090105, 11120101, 11120102, Duro, Upper Prairie Riverine and Planning Commission, Red River Authority of Texas, Canadian River Municipal Water Authority, Action aligns with goals and
011000041 Randall County FIS Update flood tudy for th ty and devel lat 01000001, 01000002 Randall - 9223 Randall N 872,000 Y
andall County pdate flood insurance study for the county and develop regulatory mapping anda 11120103, 11120104, 11120301 Dog Town Fork Red, Playa anda Llano Estacado Water District, Randall County MUD 1, Amarillo, Happy, Palisades, Timbercreek ° $ s meets TWDB guidance
Tule, Upper North Canyon, Canyon, Lake Tanglewood
Fork Red
Middle Canadian-
Spring, Upper Salt
Fork Red, Upper Carson, Hemphill, Roberts, Collingsworth, Donley, Armstrong, Wheeler, Gray, Panhandle Regional
. . 11090106, 11120201, 11120301, North Fork Red, Riverine and Planning Commission, Red River Authority of Texas, Canadian River Municipal Water Authority, Action aligns with goals and
011000042 Gray County FIS Update flood tudy for th ty and devel lat 01000001, 01000002 G - . 930.6 G - L . N 908,000 Y N
ray County pdate flood insurance study for the county and develop regulatory mapping ray 11120302, 11120304, 11130301 Middle North Fork Playa ray Wheeler County Water Supply District, Gray County MUD 1, Greenbelt Municipal & Industrial ° $ s meets TWDB guidance
Red, EIm Fork Red, Water Authority, Pampa, Lefors, McLean
Washita
Headwaters
Cooke County Drainage | Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, 111302010508, 111302010701, 111302010702, 111302010703, R Cooke, Montague, Nortex Regional Planning Commission, Texoma Council of Governments, Red Action aligns with goals and
011000043 Cook 11130201 F -Mud 177.1 R Cook N 500,000 Ye N
Master Plan based on HMAPs 01000005, 01000006 ooke 111302010704, 111302010705, 111302010707, 111302020708 | oo erine ooke River Authority of Texas, Greater Texoma Utility Authortiy, Gainesville, Lindsay ° s e meets TWDB guidance
. . . . Farmers-Mud, Little Cooke, Montague, Clay, Nortex Regional Planning Commission, Texoma Council of Governments, . N N
Mont: County Di Perf H&H model devel tual alt it d OPCC, and rank ts; selected | 01000001, 01000002 Acti | ith I d
011000044 | Ontague tounty Drainage | Perform H&R modeling, develop conceptual alternatives an » and rank projects; selecte ’ | Montague | 11130201, 11130209, 12030103 - Wichita, Elm Fork | 529.4 Riverine Montague Red River Authority of Texas, Clear Creek Watershed Authority, Farmers Creek Watershed No $500,000 Yes ction aligns With goals an
Master Plan based on HMAPs 01000005, 01000006 . N N - . meets TWDB guidance
Trinity Authority, Bowie Water Supply District, St. Jo, Bowie, Nocona
. . B . . Motley, Floyd, Hale, Dickens, Crosby, Briscoe, Swisher, Panhandle Regional Planning Commission, . N N
Floyd County D Perf H&H modell devels tual alt t d OPCC, and k ts; 01000001, 01000002, North P R d Acti | ith I d
011000045 oya bounty Jrainage | Feriorm REH MOdeTing, develop conceptual alternatives an » and rank projects; survey ' ' Floyd 11130103, 11130104 - orth Pease, 583.9 verine an Floyd South Plains Association of Governments, Red River Authority of Texas, Brazos River Authority, No $500,000 Yes ction aligns with goals an
Master Plan responses report issues with rivers, creeks, tributaries, and functioning floodplains 01000005, 01000006 Middle Pease Playa Lockney meets TWDB guidance
Groesbeck-Sandy,
011000046 Wilbarger County Drainage | Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, Wilbarger 11130101, 11130102, 11130105, ; BIL.le—FZhina, Pease, 9755 Riverine Wilbarger Wichita, Foard,AWiIbarger, Hardeman, Bayl(.)r,. Archer, Nort.ex Regional PIanrfing Commission, Red No $500,000 Yes Action aligns with goals and
Master Plan based on HMAPs 01000005, 01000006 11130206, 11130207 Wichita, Southern River Authority of Texas, Greenbelt Municipal & Industrial Water Authority, Electra, Vernon meets TWDB guidance
Beaver
111301040202, 111301040203, 111301040206, 111301040207, Middle Pease, Cottle, Motley, Floyd, King, Dickens, Crosby, Nortex Regional Planning Commission, South Plains
011000047 Dickens County Drainage | Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; survey | 01000001, 01000002, Dickens 11130104, 11130204, 11130205 111301040208, 111301040209, 111301040210, 111301040301, North Wichita’ 3309 Riverine and Dickens Associ;tion of\gove‘:n;ﬂeni Red Riv’er Autr\f;rit of Texis Brazos Rivegr Authorit D’ickens Count No $500,000 Yes Action aligns with goals and
Master Plan responses report issues with rivers, creeks, tributaries, and functioning floodplains 01000005, 01000006 " . 111301040303, 111302040101, 111302040102, 111302050101, South Wichita’ : Playa " ngD 1 ! Ve Y ' meets TWDB guidance
111302050102, 111302050103, 111302050105
. " N . . . R Young, Clay, Wichita, Wilbarger, Baylor, Archer, Nortex Regional Planning Commission, Red River . N N
Archer County D Perf H&H modell devels tual alt t d OPCC, and k ts; 01000001, 01000002, Wichita, Littl R d Acti | ith I d
011000048 rener tounty drainage | Pertorm HET modeling, develop conceptua’ afternatives an » and rank projects; survey ' ' Archer 11130206, 11130209 - cnita, Httle 787.8 verine an Archer Authority of Texas, Brazos River Authority, Archer County MUD 1, Wichita County Water No $500,000 Yes ction aligns With goa’s an
Master Plan responses report issues with rivers, creeks, tributaries, and functioning floodplains 01000005, 01000006 Wichita Playa . N N . . y meets TWDB guidance
Improvement District 2, Windthorst, Megargel, Scotland, Archer City, Holliday, Lakeside City
Lake Meredith,
Middle Canadian-
Spring, Upper .
C , Potter, Roberts, Hutch , M , Donley, Armst , Randall, Gray, Panhandl: . " N
011000049 Carson County Drainage | Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, Carson 11090105, 11090106, 11120103, R Prairie Dog Town 9252 Riverine and Carson Re ai;snoar; Plaonneirr| ((Z)orirnsissi:nc R”e]zolziver(rurtehorlijtn Z\;Te::ss :;Tf Duarr; :iver :::th;rri]t ar\]l\/heite No $500,000 Yes Action aligns with goals and
Master Plan based on HMAPs 01000005, 01000006 11120201, 11120301 Fork Red, Upper - Playa d 8 i u g Ve g meets TWDB guidance
Deer, Skellytown, Panhandle, Groom
Salt Fork Red,
Upper North Fork
Red
Lake Meredith, Palo
. . . . Duro, U Prairi - C , Potter, Oldham, M , Armst| , Randall, Deaf Smith, Panhandle Regional Planni . . .
011000050 Potter County Drainage |Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, Potter 11090105, 11120102, 11120103, R D:r?l'ovf::rkr:f; 9228 Riverine and Potter C;:j::;si; :red Riv:rr:uthzor;e o;:;:"éﬂ:;:ﬂ Rivee? M:‘r:ici alar\;vsperEAu;goK:iTa PaTng:rgo No $500,000 Yes Action aligns with goals and
Master Plan based on HMAPs 01000005, 01000006 11120301 8 o g . Playa " s Re Y s ~an P thority, Palo g meets TWDB guidance
Upper Prairie Dog River Authority, Llano Estacado Water District, Potter County FWSD 1, Amarillo, Bishop Hills
Town Fork Red
Middle Canadian-
. . . . Spring, Middle - . . . . . . .
Roberts County Drainage |Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, Riverine and Carson, Hemphill, Roberts, Hutchinson, Wheeler, Gray, Lipscomb, Ochiltree, Hansford, Panhandle Action aligns with goals and
011000051 Robert: 11090106, 11120302, 11130301 - North Fork Red, 925.4 Robert: N 500,000 Ye
Master Plan based on HMAPs 01000005, 01000006 oberts ! ! °! Was()hrita ¢ Playa oberts Regional Planning Commission, Red River Authority of Texas, Roberts County FWSD 1, Miami °© $500, s meets TWDB guidance
Headwaters
Lake Meredith,
! C , Roberts, Hutchi , M , Shi , Ochiltree, Hansford, Panhandle Regional Planni
Hutchinson County Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, . 11090105, 11090106, 11100104, Middle Canadian- Riverine and . arson. .o erts u. chinson .oore erman, c ' rtae ans or anhancie eg.lona anning Action aligns with goals and
011000052 B Hutchinson - ) 896.9 Hutchinson Commission, Red River Authority of Texas, Canadian River Municipal Water Authority, Palo Duro No $500,000 Yes >
Drainage Master Plan based on HMAPs 01000005, 01000006 11100202 Spring, Palo Duro, Playa . N N . meets TWDB guidance
Palo Duro River Authority, Borger, Fritch, Sanford, Stinnett
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Canadian - Upper Red Table 15
Region 1 Flood by the RFPG
pme | Flood RiskType Estimated RFPG
L . . (Riverine, . " . Emergency . .
FME ID FME Name Description Associated Goals Counties HUC8s HUC12s Watershed Name Area Coastal, Urban, Sponsor Entities with Oversight Need (V/N) Study Cost Recommendation Reason for Recommendation
sqmi g ! Y/N
(sqmi) Playa Other) ($) (Y/N)
Middle Canadian-
Trujillo, Punta de
11090101, 11090102, 11090103, Agua, Rita BI , - . . . . " " N
Hartley County Drainage |Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, gua AI aslanca Riverine and Oldham, Moore, Hartley, Sherman, Dallam, Panhandle Regional Planning Commission, Red River Action aligns with goals and
011000053 Hartley 11090104, 11090105, 11100103, - Carrizo, Lake 1466.1 Hartley 5 . No $500,000 Yes N
Master Plan based on HMAPs 01000005, 01000006 N Playa Authority of Texas, Channing, Dalhart meets TWDB guidance
11100104 Meredith,
Coldwater, Palo
Duro
Lower Prairie Dog
T Fork Red Cottle, Hard Child Hall, Colli rth, Nortex Regional Planning C issi
Childress County Drainage |Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, N 11120105, 11130101, 11130103, own Fork Red, Riverine and . ot ar. emar, I_ ress, na . .0 |ngswo. o eXA eslonal Flanning 0mm|55{or\, Action aligns with goals and
011000054 Childress - Groesbeck-Sandy, 713.1 Childress Panhandle Regional Planning Commission, Red River Authority of Texas, Greenbelt Municipal & No $500,000 Yes >
Master Plan based on HMAPs 01000005, 01000006 11130105 Playa N . ) meets TWDB guidance
North Pease, North Industrial Water Authority, Childress
Pease
Upper Prairie Dog " . " . .
Town Fork Red Cottle, Motley, Childress, Hall, Briscoe, Collingsworth, Donley, Nortex Regional Planning
Hall County Drainage Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, o Riverine and Commission, Panhandle Regional Planning Commission, South Plains Association of Governments, Action aligns with goals and
011000055 Hall 11120103, 11120105, 11130103 - Le Pi D¢ 903.4 Hall . N L . N . N 500,000 Y N
Master Plan based on HMAPs 01000005, 01000006 2 :)v:’; F'::;':e;g Playa 2 Red River Authority of Texas, Greenbelt Municipal & Industrial Water Authority, Lakeview, ° $ s meets TWDB guidance
' Memphis, Estelline, Turkey
North Pease
N . Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; survey Upper Prairie Dog - Floyd, Hale, Briscoe, Swisher, Castro, Armstrong, Randall, Panhandle Regional Planning . " N
Swisher County Di . s " . L . 01000001, 01000002, . Ri d . .. . e . ) . Acti | ith Is and
011000056 wisher County Drainage responses report issues with rivers, creeks, tributaries, and functioning floodplains and playa Swisher 11120103, 11120104, 11130103 - Town Fork Red, 827.5 lverine an Swisher Commission, South Plains Association of Governments, Red River Authority of Texas, Brazos River No $500,000 Yes ction aligns wi 5°a s an
Master Plan 01000005, 01000006 Playa N N o N ) meets TWDB guidance
lakes. Tule, North Pease Authority, Mackenzie Municipal Water Authority, Tulia, Kress, Happy
Lake Meredith,
Tierra Blanca, Palo Carson, Potter, Oldham, Swisher, Castro, Armstrong, Randall, Deaf Smith, Panhandle Regional
011000057 Randall County Drainage |Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, Randall 11090105, 11120101, 11120102, R Duro, Upper Prairie 9223 Riverine and Randall Planning Commission, Red River Authority of Texas, Canadian River Municipal Water Authority, No $500,000 Yes Action aligns with goals and
Master Plan based on HMAPs 01000005, 01000006 11120103, 11120104, 11120301 Dog Town Fork Red, ) Playa Llano Estacado Water District, Randall County MUD 1, Amarillo, Happy, Palisades, Timbercreek ’ meets TWDB guidance
Tule, Upper North Canyon, Canyon, Lake Tanglewood
Fork Red
Lower Salt Fork
Red, Upper North . . . .
H hill, Roberts, Coll rth, Donley, Wheeler, Gray, Panhandle R | Pl . . .
Wheeler County Drainage |Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, 11120202, 11120301, 11120302, Fork Red, Middle Riverine and e"A‘pAI obe AS ° |ngvaQ onley. eeler, ray, Fanhandie eg.lon? anning Action aligns with goals and
011000058 Wheeler - 916.0 Wheeler Commission, Red River Authority of Texas, Wheeler County Water Supply District, Greenbelt No $500,000 Yes >
Master Plan based on HMAPs 01000005, 01000006 11120304, 11130301 North Fork Red, Elm Playa . . N . meets TWDB guidance
) Municipal & Industrial Water Authority, Mobeetie, Shamrock, Wheeler
Fork Red, Washita
Headwaters
Punta de Agua, Rita
Bl Carri:
011000059 Dallam County Drainage |Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, Dallam 11090102, 11090103, 11090104, Uanc;,B:ar\r/lez?, 15105 Riverine and Dallam Moore, Hartley, Sherman, Dallam, Panhandle Regional Planning Commission, Red River Authority No $500,000 Yes Action aligns with goals and
Master Plan based on HMAPs 01000005, 01000006 11100101, 11100103, 11100104 Co’ljdpwater PaI;) ) Playa of Texas, Dalhart, Texline ' meets TWDB guidance
Duro
Middle Canadian-
Spring, Lower
Lipscomb County Drainage |Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, . 11090106, 11090201, 11100201, Canadian-Deer, Riverine and . Hemphill, Roberts, Lipscomb, Ochiltree, Panhandle Regional Planning Commission, Red River Action aligns with goals and
011000060 Lipscomb - 936.3 Lipscomb N Lo No $500,000 Yes N
Master Plan based on HMAPs 01000005, 01000006 11100202, 11100203 Lower Beaver, Playa Authority of Texas, Follett, Darrouzett, Higgins, Booker meets TWDB guidance
Upper Wolf, Lower
Wolf
Middle Canadian-
Spring, Middl:
011000061 Ochiltree County Drainage |Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, Ochiltree 11090106, 11100102, 11100104, Bea'?/'::g;’alc: Duero 9225 Riverine and Ochiltree Roberts, Hutchinson, Lipscomb, Ochiltree, Hansford, Panhandle Regional Planning Commission, No $500,000 Yes Action aligns with goals and
Master Plan based on HMAPs 01000005, 01000006 11100201, 11100202 Lowér Beaver, ' : Playa Red River Authority of Texas, Palo Duro River Authority, Booker, Perryton ' meets TWDB guidance
Upper Wolf
it: City Drail Perf H&H modeling, devel tual alte ti d OPCC, and rank jects; selected | 01000001, 01000002, Riveri d Acti If ith I d
011000062 | Quitague City Drainage | Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selecte ' ' Briscoe 11130103 111301030209, 111301030304 North Pease 07 verine an Quitaque Briscoe, Panhandle Regional Planning Commission, Red River Authority of Texas, Quitaque No $250,000 Yes ction aligns with goals an
Master Plan based on the needs analysis 01000005, 01000006 Playa meets TWDB guidance
Jolly City Drail Mast Perf H&H modeling, devell tual alt ti d OPCC, and rank jects; selected | 01000001, 01000002, Acti If ith I d
011000063 | 10" -ty Prainage Master | Feriorm HEH modeling, develop conceptual alternatives and OFLL, and rank projects; selecte ' ' Clay 11130209 111302090503, 111302090504, 111302090505 Little Wichita 14 Riverine Jolly Clay, Nortex Regional Planning Commission, Red River Authority of Texas, Dean, Jolly No $250,000 Yes ction afigns With goals an
Plan based on the needs analysis 01000005, 01000006 meets TWDB guidance
N . Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected . . . - . N . N N
Cl don City Di 01000001, 01000002, R d Donley, Panhandle R | Pl C Red Ri Authority of Te G belt Acti | ith I d
011000064 arendon Lty Drainage based on the needs analysis and survey responses reporting issues with rivers, creeks, ! ! Donley 11120201 111202010203, 111202010204 Upper Salt Fork Red 3.0 verine an Clarendon oniey, Fannandle eglo.nfi anning o.mmlsslon, © .|ver uthority of Texas, Greenbe No $250,000 Yes ction aligns wi goa san
Master Plan N . L . 01000005, 01000006 Playa Municipal & Industrial Water Authority, Clarendon meets TWDB guidance
tributaries, and functioning floodplains and playa lakes.
011000065 Lak? Tanglewood City Perform H&H modeling, develop conceptual alternatives and OPC(;, and rank projects; selected | 01000001, 01000002, Randall 11120103 111201030103 Upper Prairie Dog 18 Riverine and Randall, Lake Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Palisades, Lake No $250,000 Yes Action aligns with goals and
Drainage Master Plan based on HMAPs and the needs analysis 01000005, 01000006 Town Fork Red Playa Tanglewood Tanglewood meets TWDB guidance
. . . Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected - . . . - . . . . N N
Palisades City Di 01000001, 01000002, U P Di R d Randall, Panhandle R | Pl Ce Red Ri Authority of Te Palisad Acti | ith I d
011000066 alisades Lity Drainage based on the needs analysis and survey responses reporting issues with rivers, creeks, ! ! Randall 11120103 111201030102, 111201030103 pper Prairie Dog 0.5 lverine an Randall, Palisades andatl, Panhandle Reglona annlng ommission, Red River Authority of Texas, Falisades, No $250,000 Yes ction aligns wi goa san
Master Plan N . L : 01000005, 01000006 Town Fork Red Playa Timbercreek Canyon meets TWDB guidance
tributaries, and functioning floodplains
011000067 Lakeview City Drainage | Perform H&H modeling, develop conceptual alternatives am? OPCC, and rank projects; selected | 01000001, 01000002, Hall 11120105 111201050206 Lower Prairie Dog 02 Riverine Lakeview Hall, Panhandle Regional Planning Com.mlsslon, Red RlvgrAuthor{ty of Texas, Greenbelt Municipal No $250,000 Yes Action aligns with goals and
Master Plan based on the needs analysis 01000005, 01000006 Town Fork Red & Industrial Water Authority, Lakeview meets TWDB guidance
Windthorst City Drai Perf H&H modeling, devel tual alt ti d OPCC, and rank jects; selected | 01000001, 01000002, Acti If ith I d
011000068 indthorst Lity Drainage -\ Periorm REH modeling, develop conceptual alternatives an » and rank projects; selecte ’ " | Clay, Archer 11130209 111302090301, 111302090302 Little Wichita 23 Riverine Windthorst Clay, Archer, Nortex Regional Planning Commission, Red River Authority of Texas, Windthorst No $250,000 Yes ction aligns With goals an
Master Plan based on HMAPs 01000005, 01000006 meets TWDB guidance
Petrolia City Drai Perf H&H modeling, devell tual alte ti d OPCC, and rank jects; selected | 01000001, 01000002, Wichita, Littl Acti If ith I d
011000069 etrotia tity Drainage | Fertorm R&H modeling, develop conceptual afternatives and QFLEL, and rank projects; selecte ' ' Clay 11130206, 11130209 111302060502, 111302060503, 111302090508 cnita, Httle 0.8 Riverine Petrolia Clay, Nortex Regional Planning Commission, Red River Authority of Texas, Petrolia No $250,000 Yes ction aligns with goals an
Master Plan based on the needs analysis 01000005, 01000006 Wichita meets TWDB guidance
011000070 Cashion City Drainage Perform H&H modeling, develop conceptual alternatives am? OPCC, and rank projects; selected | 01000001, 01000002, Wichita 11130102, 11130206 111301020304, 111302060501 Blue-China, Wichita 18 Riverine Cashion Community Wichita, Nortex Regional Planning Comn.1issiun, Red I.ZiverAuthority of Texas, Burkburnett, No $250,000 Yes Action aligns with goals and
Master Plan based on the needs analysis 01000005, 01000006 Cashion Community meets TWDB guidance
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Canadian - Upper Red Table 15
Region 1 Flood by the RFPG
pm | Flood RiskType Estimated RFPG
L . . (Riverine, . " . Emergency . .
FME ID FME Name Description Associated Goals Counties HUC8s HUC12s Watershed Name Area Coastal, Urban, Sponsor Entities with Oversight Need (V/N) Study Cost Recommendation Reason for Recommendation
sqmi g ! Y/N
(sqmi) Playa Other) ($) (Y/N)
Canadian City Drainage  |Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, . Middle Canadian- - " " . N . . N " Action aligns with goals and
011000071 Master Plan based on HMAPs 01000005, 01000006 Hemphill 11090106 110901060801 Spring 14 Riverine Canadian Hemphill, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian No $250,000 Yes meets TWDB guidance
Pampa City Drainage Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002 Middle Canadian- Riverine and Gray, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000072 g ! ' ! ! G 11090106, 11120301 110901060601, 110901060602, 111203010303 Spring, U| North 8.9 P; ! ! ! N 250,000 Y
Master Plan based on the needs analysis 01000005, 01000006 ray pr\ngFmE:ee:j °! Playa ampa Municipal Water Authority, Gray County MUD 1, Pampa ° $ es meets TWDB guidance
" Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected L . . .. . N . . N N
011000073 Ple-asant Valley City based on the needs analysis and survey responses reporting issues with rivers, creeks, 01000001, 01000002, Wichita 11130206 111302060406, 111302060407 Wichita 2.6 Riverine Pleasant Valley Wichita, Nortex Regional Planning Com.mls-slon, Red RlverAuthorlt.y o.fTexas, Wichita County No $250,000 Yes Action aligns with goals and
Drainage Master Plan N . . I 01000005, 01000006 Water Improvement District 2, Pleasant Valley, Wichita Falls meets TWDB guidance
tributaries, and functioning floodplains
Tulia City Drai Master | Perfc H&H modeling, devell tual alt ti d OPCC, and rank projects; selected | 01000001, 01000002, . Riveri d . . . . . . ) . Acti li ith Is and
011000074 | '3 - Prainage Master ) Ferform REH modeting, develop conceptual aternatives an and ranicprojects; selecte Swisher 11120104 111201040204, 111201040205, 111201040206, 111201040304 Tule 36 verine an Tulia Swisher, Panhandle Regional Planning Commission, Red River Authority of Texas, Tulia No $250,000 Yes ction aflgns with goa’s an
Plan based on survey responses 01000005, 01000006 Playa meets TWDB guidance
N . Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected . . N .. " N . N N
011000075 Shamrock City Drainage based on the needs analysis and survey responses reporting issues with rivers, creeks, 01000001, 01000002, Wheeler 11120302, 11120304 111203020104, 111203040105 Middle North Fork 1.9 Riverine Shamrock Wheeler, Panhandle Regional Planning Comm\ssl.on,. Red River Authority of Texas, Wheeler County No $250,000 Yes Action aligns with goals and
Master Plan " N L . 01000005, 01000006 Red, EIm Fork Red Water Supply District, Shamrock meets TWDB guidance
tributaries, and functioning floodplains, wetlands, and playa lakes.
Holliday City Drainage Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, L - " N . . . . " Action aligns with goals and
011000076 Master Plan based on HMAPS and the needs analysis 01000005, 01000006 Archer 11130206 111302060302, 111302060303, 111302060405 Wichita 25 Riverine Holliday Archer, Nortex Regional Planning Commission, Red River Authority of Texas, Holliday No $250,000 Yes meets TWDB guidance
Silverton City Drai Perfi H&H modeling, devell tual alt ti d OPCC, and rank projects; selected | 01000001, 01000002, . . . . . . . B . Acti li ith Is and
011000077 flverton Lty Urainage erform modeling, develop conceptua a, err\a ves a.n and rank projects; selecte Briscoe 11130103 111301030101 North Pease 1.0 Playa Silverton Briscoe, Panhandle Regional Planning Commission, Red River Authority of Texas, Silverton No $250,000 Yes ction aligns wi 5°a s an
Master Plan based on survey responses reporting issues with many natural features 01000005, 01000006 meets TWDB guidance
Hereford City Drai Perfi H&H modeling, devell tual alt ti d OPCC, and rank projects; selected | 01000001, 01000002, N . Riveri d . . . . . B Acti li ith Is and
011000078 ereford Lity Drainage ertorm modefing, develop conceptual alternatives an and rank projects; selecte Deaf Smith 11120101 111201010505, 111201010507 Tierra Blanca 5.7 lverine an Hereford Deaf Smith, Panhandle Regional Planning Commission, Red River Authority of Texas, Hereford No $250,000 Yes ction aligns wi 5°a s an
Master Plan based on survey responses 01000005, 01000006 Playa meets TWDB guidance
Scotland City Drainage Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, 111302090207, 111302090208, 111302090301, 111302090302, B I L N . .. " . Action aligns with goals and
011000079 Master Plan based on HMAPs 01000005, 01000006 Clay, Archer 11130209 111302090304 Little Wichita 10.0 Riverine Scotland Clay, Archer, Nortex Regional Planning Commission, Red River Authority of Texas, Scotland No $250,000 Yes meets TWDB guidance
" . Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected . " N
Lefors City D Mast: P L . . Lo 01000001, 01000002, u North Fork - . . . . N Acti | ith Is and
011000080 €tors ity Drainage Master based on survey responses reporting issues with rivers, creeks, tributaries, and functioning Gray 11120301 111203010305 pper North For 0.3 Riverine Lefors Gray, Panhandle Regional Planning Commission, Red River Authority of Texas, Lefors No $250,000 Yes ction aligns wi 5°a s an
Plan . 01000005, 01000006 Red meets TWDB guidance
floodplains
Burkb: tt City Drai Perfi H&H modeling, devell tual alt ti d OPCC, and rank projects; selected | 01000001, 01000002, . . - . . . . . ) Acti li ith Is and
011000081 uriburnett Lity Drainage | Perorm modeling, develop conceptual aliernatives an . and rank projects; selecte Wichita 11130102 111301020302, 111301020304, 111301020305 Blue-China 111 Riverine Burkburnett Wichita, Nortex Regional Planning Commission, Red River Authority of Texas, Burkburnett No $250,000 Yes ction aligns wi 5°a s an
Master Plan based on the needs analysis 01000005, 01000006 meets TWDB guidance
Lake Meredith,
. y . . . . 110901050308, 110901050309, 110901050402, 111201030101, Upper Prairie Dog - . . . . B . . . .
011000082 | Amarillo City Drainage | Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects. Update | 01000001, 01000002, | o o oo | 11000105, 11120108, 11120301 |111201030102, 111201030106, 111201030107, 111203010101, Town Fork Red, | 1016 | verineand Randall, Amarillo | "Otte" Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian No $1,000,000 Yes Action aligns with goals and
Master Plan existing drainage mater plan. 01000005, 01000006 Playa River Municipal Water Authority, Amarillo meets TWDB guidance
111203010102 Upper North Fork
Red
011000083 Nocona City Drainage | Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, |\ 0 o 11130201 111302010209, 111302010502 Farmers-Mud 27 Riverine Nocona Montague, Nortex Regional Planning Commission, Red River Authority of Texas, Nocona No $250,000 Yes Action aligns with goals and
Master Plan based on survey responses 01000005, 01000006 meets TWDB guidance
011000084 Vega City Drainage Master |Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, Oldham 11090105, 11120102 110901050101, 111201020205, 111201020206 Lake Meredith, Palo 11 Riverine Vega Oldham, Panhandle Regional Planning Commlsflol?, Red River Authority of Texas, Llano Estacado No $250,000 Yes Action aligns with goals and
Plan based on survey responses 01000005, 01000006 Duro Water District, Vega meets TWDB guidance
y . Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected . N N
Si City D 01000001, 01000002, Acti | ith I d
011000085 eymour ity drainage based on survey responses reporting issues with rivers, creeks, tributaries, and functioning ! ! Baylor 11130206 111302060104, 111302060106 Wichita 0.1 None Seymour Baylor, Nortex Regional Planning Commission, Red River Authority of Texas, Seymour No $250,000 Yes ction aligns wi ?°a s an
Master Plan B N I . 01000005, 01000006 meets TWDB guidance
floodplains. Only a small portion of the city is within the region.
y . Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected . N N
D: tt City Di 01000001, 01000002, Acti | ith I d
011000086 arrouzett tity Drainage based on survey responses reporting issues with rivers, creeks, tributaries, and functioning ! ! Lipscomb 11100201 111002010306 Lower Beaver 0.4 Riverine Darrouzett Lipscomb, Panhandle Regional Planning Commission, Red River Authority of Texas, Darrouzett No $250,000 Yes ction aligns wi ?°a s an
Master Plan . 01000005, 01000006 meets TWDB guidance
floodplains
. . Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected . . N N
N City D 01000001, 01000002, R d Acti | ith I d
011000087 pearman tity brainage based on the needs analysis and survey responses reporting issues with rivers, creeks, ! ! Hansford 11100104 111001040311, 111001040312 Palo Duro 1.8 lverine an Spearman Hansford, Panhandle Regional Planning Commission, Palo Duro River Authority, Spearman No $250,000 Yes ction aligns wi ?°a s an
Master Plan N . L s 01000005, 01000006 Playa meets TWDB guidance
tributaries, and functioning floodplains
Vi City Drai Perf H&H modeling, devel tual alts ti d OPCC, and rank jects; selected | 01000001, 01000002, Acti If ith I d
011000088 ernon tity Drainage | Pertorm &R modeling, develop conceptua’ afternatives and DFLEL, and rank projects; selecte ' | Wilbarger 11130105 111301050204, 111301050206 Pease 8.1 Riverine Vernon Wilbarger, Nortex Regional Planning Commission, Red River Authority of Texas, Vernon No $250,000 Yes ction afigns With goals an
Master Plan based on the needs analysis 01000005, 01000006 meets TWDB guidance
011000089 lowa Park City Drainage | Perform H&H modeling, develop conceptual alternatives and OPCC, ané rank projects; selected | 01000001, 01000002, Wichita 11130206 111302060404, 111302060406 Wichita 45 Riverine lowa Park Wichita, Nortex Regional Planning Commission, Bed.RlverAuthorlty of Texas, Wichita County No $250,000 Yes Action aligns with goals and
Master Plan based on survey responses and the needs analysis 01000005, 01000006 Water Improvement District 2, lowa Park meets TWDB guidance
Lower Prairie Dog
Childress City Drainage Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, N 111201050302, 111201050308, 111201050501, 111301010101,| Town Fork Red, L . Childress, Panhandle Regional Planning Commission, Red River Authority of Texas, Greenbelt Action aligns with goals and
011000090 Child 11120105, 11130101, 11130103 7.7 R Child . . B " N 250,000 Y N
Master Plan based on HMAPs 01000005, 01000006 dress 111301030504 Groesbeck-Sandy, lverine idress Municipal & Industrial Water Authority, Childress ° $ s meets TWDB guidance
North Pease
Perryton City Drainage Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, . Riverine and " . B . Action aligns with goals and
011000091 Ochilt 11100201 111002010201, 111002010301, 111002010302 L B 4.4 Perryt Ochiltree, Panhandle R | Pl C , Perryte N 250,000 Y N
Master Plan based on HMAPs and survey responses 01000005, 01000006 chiltree ower Beaver Playa efryton chiltree, Panhandle Regional Flanning Lommission, Perryton ° $ es meets TWDB guidance
Megargel City Drainage | Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, B - . N . . N Action aligns with goals and
011000092 Master Plan based on HMAPs 01000005, 01000006 Archer 11130209 111302090105 Little Wichita 0.4 None Megargel Archer, Nortex Regional Planning Commission, Red River Authority of Texas, Megargel No $250,000 Yes meets TWDB guidance
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Canadian - Upper Red Table 15
Region 1 Flood by the RFPG
pm | Flood RiskType Estimated RFPG
L . . (Riverine, . " . Emergency . .
FME ID FME Name Description Associated Goals Counties HUC8s HUC12s Watershed Name Area Coastal, Urban, Sponsor Entities with Oversight Need (V/N) Study Cost Recommendation Reason for Recommendation
sqmi g ! Y/N
(sqmi) Playa Other) ($) (Y/N)
Groom City Drainage Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002 Upper Salt Fork Riverine and Action aligns with goals and
011000093 vorainag e P concep ’ projects: ' ' Carson 11120201, 11120301 111202010104, 111203010201 Red, Upper North | 0.7 Groom Carson, Panhandle Regional Planning Commission, Red River Authority of Texas, Groom No $250,000 Yes © &
Master Plan based on HMAPs 01000005, 01000006 Fork Red Playa meets TWDB guidance
White Deer City Drainage |Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, Upper North Fork Riverine and . N . .. . . . Action aligns with goals and
011000094 Master Plan based on HMAPs 01000005, 01000006 Carson 11120301 111203010301 Red 1.7 Playa White Deer Carson, Panhandle Regional Planning Commission, Red River Authority of Texas, White Deer No $250,000 Yes meets TWDB guidance
Timbercreek Canyon City |Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, Upper Prairie Dog Riverine and Randall, Timbercreek Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Palisades, Action aligns with goals and
011000095 Randall 11120103 111201030102, 111201030103 1.4 N 250,000 Y N
Drainage Master Plan based on the needs analysis 01000005, 01000006 anda Town Fork Red Playa Canyon Timbercreek Canyon ° $ es meets TWDB guidance
Electra City Drai Perfi H&H modeling, devell tual alt ti d OPCC, and rank projects; selected | 01000001, 01000002, I Blue-China, Wichita, - I . . . . N Acti li ith Is and
011000096 ectra ity Drainage | Perform HE&H modeling, develop conceptua alternatives and and rank projects; selecte Wichita 11130102, 11130206, 11130207 111301020203, 111302060403, 111302070402 aenina, I, 59 Riverine Electra Wichita, Nortex Regional Planning Commission, Red River Authority of Texas, Electra No $250,000 Yes ction aligns with goals an
Master Plan based on the needs analysis 01000005, 01000006 Southern Beaver meets TWDB guidance
Lakeside City City Drainage |Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, - L Riverine and N N - . B . . . N N Action aligns with goals and
011000097 Master Plan based on HMAPS and the needs analysis 01000005, 01000006 Wichita, Archer 11130206 111302060303 Wichita 0.6 Playa Lakeside City Wichita, Archer, Nortex Regional Planning Commission, Red River Authority of Texas, Lakeside City No $250,000 Yes meets TWDB guidance
Wichita Falls City Drainage | Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects. Update | 01000001, 01000002, N 111302060303, 111302060304, 111302060406, 111302060407, Wichita, Little Riverine and _— Wichita, Nortex Regional Planning Commission, Red River Authority of Texas, Wichita County Action aligns with goals and
011000098 Wichit: 11130206, 11130209 71.6 Wichita Fall: N 1,000,000 Y N
Master Plan existing drainage mater plan. Selected based on survey responses and needs analysis. 01000005, 01000006 chita 111302060501, 111302090502, 111302090503 Wichita Playa chita Falls Water Improvement District 2, Pleasant Valley, Wichita Falls ° $ es meets TWDB guidance
Dalhart City Drail Perfi H&H modeling, devell tual alt ti d OPCC, and rank projects; selected | 01000001, 01000002, . Riveri d . . . . N Acti li ith Is and
011000099 aihart Clty Drainage | Periorm R modeling, develop conceptua aiternatives anc and rank projects; selecte Hartley, Dallam 11090103 110901030405, 110901030406, 110901030408 Rita Blanca a7 verine an Dalhart Hartley, Dallam, Panhandle Regional Planning Commission, Red River Authority of Texas, Dalhart No $250,000 Yes ction aligns with goals an
Master Plan based on the needs analysis 01000005, 01000006 Playa meets TWDB guidance
Skelleyt City Drai Perfi H&H modeling, devell tual alt ti d OPCC, and rank projects; selected | 01000001, 01000002, Middle Canadian- . . . . . Acti li ith Is and
011000100 © ey’;\;/sr;erl ;/Ianralnage ertorm modeing, develop conceza:dao::\:/lxl:: an and rank projects; selecte 01000005, 01000006 Carson 11090106 110901060302, 110901060307 ! Sep::; an 0.5 None Skellytown Carson, Panhandle Regional Planning Commission, Red River Authority of Texas, Skellytown No $250,000 Yes Cy'ﬂ:‘e:sl,g}ﬁt\;: gu?:::nsc:n
Panhandle City Drainage |Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, Upper North Fork Riverine and N . . . . Action aligns with goals and
011000101 Master Plan based on HMAPs 01000005, 01000006 Carson 11120301 111203010105, 111203010107 Red 2.2 Playa Panhandle Carson, Panhandle Regional Planning Commission, Red River Authority of Texas, Panhandle No $250,000 Yes meets TWDB guidance
011000102 City of Clarendon GIS Develop GIS inventory and condition assessment for flood infrastructure; selected based on 01000001, 01000002 Donley 11120201 111202010203, 111202010204 Upper Salt Fork Red 30 Riverine and Clarendon Donley, Panhandle REgiO.n?| Planning Co.mmission, Red R.iver Authority of Texas, Greenbelt No $50,000 Yes Action aligns with goals and
Development survey response Playa Municipal & Industrial Water Authority, Clarendon meets TWDB guidance
011000103 City of Palisades GIS Develop GIS inventory and condition assessment for flood infrastructure; selected based on 01000001, 01000002 Randall 11120103 111201030102, 111201030103 Upper Prairie Dog 05 Riverine and Randall, Palisades Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Palisades, No $50,000 Yes Action aligns with goals and
Development survey response Town Fork Red Playa Timbercreek Canyon meets TWDB guidance
011000104 City of Shamrock GIS Develop GIS inventory and condition assessment for flood infrastructure; selected based on 01000001, 01000002 Wheeler 11120302, 11120304 111203020104, 111203040105 Middle North Fork 19 Riverine Shamrock Wheeler, Panhandle Regional Planning Cumm\ssl.on,. Red River Authority of Texas, Wheeler County No $50,000 Yes Action aligns with goals and
Development survey response Red, EIm Fork Red Water Supply District, Shamrock meets TWDB guidance
City of Silverton GIS Develop GISi t d diti t for flood infrastructure; selected based Acti iy ith Is and
011000105 1ty of Siverion evelop GI> Inventory and condition assessment for flood infrastructure; selected based on | 414545001, 01000002 Briscoe 11130103 111301030101 North Pease 10 Playa Silverton Briscoe, Panhandle Regional Planning Commission, Red River Authority of Texas, Silverton No $50,000 Yes ction afigns with goals an
Development survey response meets TWDB guidance
City of Lefors GIS Develop GIS i t d diti t for flood infrastructure; selected based u North Fork - . . . . N Acti If ith Is and
011000106 1ty of Letors evelop inventory and condition assessment for flood infrastructure; selected based on 01000001, 01000002 Gray 11120301 111203010305 pper North For 03 Riverine Lefors Gray, Panhandle Regional Planning Commission, Red River Authority of Texas, Lefors No $50,000 Yes ction aligns wi goa s an
Development survey response Red meets TWDB guidance
. N . . . . Lake Meredith, - . . . . . . . " .
011000107 City of Fritch GIS Develop GIS inventory and condition assessment for flood infrastructure; selected based on 01000001, 01000002 Hutchinson, 11090105, 11090106 110901050707, 110901050708, 110901060105 Middle Canadian- 16 Riverine and Fritch Hutchinson, Moore, Panhandle Regional Elannlng Cor.nmlss.lon, Red River Authority of Texas, Palo No $50,000 Yes Action aligns with goals and
Development survey response Moore Spring Playa Duro River Authority, Fritch meets TWDB guidance
City of S GIS Develop GISi t d diti t for flood infrastructure; selected based Acti iy ith Is and
011000108 1ty of Seymour evelop IS Inventory and concition assessment for flood infrastructure; selected based on | 7495001, 01000002 Baylor 11130206 111302060104, 111302060106 Wichita 0.1 None Seymour Baylor, Nortex Regional Planning Commission, Red River Authority of Texas, Seymour No $50,000 Yes ction afigns with goals an
Development survey response. Only a small portion of the city is within the region. meets TWDB guidance
City of Sj GIS Develop GIS i t d diti t for flood infrastructure; selected based Riveri d ) . - . 3 Acti If ith Is and
011000109 iy of Spearman evelop B inventory and condltion assessment for Hlood Infrastructure; selecte@base@on | 11000001, 01000002 | Hansford 11100104 111001040311, 111001040312 Palo Duro 1.8 verine an Spearman Hansford, Panhandle Regional Planning Commission, Palo Duro River Authority, Spearman No $50,000 Yes ction aflgns With 8oa’s am
Development survey response Playa meets TWDB guidance
City of Perryton GIS Develop GISi t d diti t for flood infrastructure; selected based Riveri d Acti iy ith Is and
011000110 ity of Perryton evelop GI> Inventory and condition assessment for flood infrastructure; selected based on | 414545001, 01000002 Ochiltree 11100201 111002010201, 111002010301, 111002010302 Lower Beaver 44 verine an Perryton Ochiltree, Panhandle Regional Planning Commission, Perryton No $50,000 Yes ction afigns with goals an
Development survey response Playa meets TWDB guidance
City of Dalhart GIS Develop GIS i t d diti t for flood infrastructure; selected based ; Riveri d . . . . ) Acti If ith Is and
011000111 iy of Balha evelop B> fnventory and condltion assessment for Mlood Infrastructure; selected baseCoN | 01000001, 01000002 | Hartley, Dallam 11090103 110901030405, 110901030406, 110901030408 Rita Blanca 47 verine an Dalhart Hartley, Dallam, Panhandle Regional Planning Commission, Red River Authority of Texas, Dalhart No $50,000 Yes ction aflgns With Boa’s an
Development survey response Playa meets TWDB guidance
City of Panhandle GIS Develop GISi t d diti t for flood infrastructure; selected based u North Fork Riveri d Acti iy ith Is and
011000112 'ty of Pannandle evelop GI> Inventory and condition assessment for flood infrastructure; selected based on | 41445001, 01000002 Carson 11120301 111203010105, 111203010107 Pper North For 22 verine an panhandle Carson, Panhandle Regional Planning Commission, Red River Authority of Texas, Panhandle No $50,000 Yes ction afigns with goals an
Development survey response Red Playa meets TWDB guidance
Lake Meredith, Palo
. . B Duro, Upper Prairie - Carson, Potter, Oldham, Moore, Armstrong, Randall, Deaf Smith, Panhandle Regional Planning . N N
Potter County GIS Develop GIS t d diti t for flood infrastructure; selected based 11090105, 11120102, 11120103, Ri d o . s . " - B Acti | ith Is and
011000113 otter Lounty evelop inventory and condition assessment for flood Infrastructure; selected based on 01000001, 01000002 Potter - Dog Town Fork Red,| 922.8 lverine an Potter Commission, Red River Authority of Texas, Canadian River Municipal Water Authority, Palo Duro No $50,000 Yes ction aligns wi 5°a s an
Development survey response 11120301 . Playa N N - " . " meets TWDB guidance
Upper Prairie Dog River Authority, Llano Estacado Water District, Potter County FWSD 1, Amarillo, Bishop Hills
Town Fork Red
011000114 Region-Wide Dam Safety Coordinate region-wide investigation into current dam safety status; selected based on 01000007, 01000008 R R R R 34626.1 Riverine and Panh?ndle RegiorTaI ~ No $1,718,000 Yes Action aligns with goals and
stakeholder feedback Playa Planning Commission meets TWDB guidance
Farmers Creek Watershed . . - . 111302010209, 111302010502, 111302010504, 111302010505, L Farmers Creek Montague, Nortex Regional Planning Commission, Red River Authority of Texas, Clear Creek Action aligns with goals and
011000115 I tigat f defi t -funct flood protection d 01000007, 01000008 Mont; 11130201 F -Mud 121.0 R N b N N 517,000 Ye N
Authority Dam Evaluation nvestigate survey responses of deficient or non-functioning flood protection dams ontague 111302010506, 111302010507, 111302010508, 111302010701 armers-viu lverine Watershed Authority Watershed Authority, Farmers Creek Watershed Authority °© $ s meets TWDB guidance
East Amarillo Creek Project Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements
Planning - St. F is Ave. ! . Potter, Panhandle Regional Planning C ission, Red River Authority of Te , Canadian Ri Acti iy ith Is and
011000116 a.nnlng rancis Ave include installing 5-barrel, 5'x3' concrete boxes, and improving the channel. Project identified | 01000003, 01000004 Potter 11090105 110901050402 Lake Meredith 19.0 Riverine Amarillo ofter, Panhandle Reglona a"”'_"? ommission, Re . ver u ority ot Texas, Canacian River No $250,000 Yes ction aligns wi goa san
Tributary Channel Reach . Municipal Water Authority, Amarillo meets TWDB guidance
) Ry from 2019 Amarillo DMP.
(City of Amarillo)
East Amarillo Creek Project . N . . .
Planning - Echo Street Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements Potter, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000117 . 8 include replacing it with a concrete box, installing additional concrete boxes, raising the road, | 01000003, 01000004 Potter 11090105 110901050402 Lake Meredith 19.0 Riverine Amarillo ! 8 . g Lo ) Y " No $250,000 Yes e g
Tributary Channel Reach A . N . . Municipal Water Authority, Amarillo meets TWDB guidance
N . and improving the channel. Project identified from 2019 Amarillo DMP.
(City of Amarillo)
Comanche Drainage Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements to Upper Prairie Dog Riverine and N Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000118 01000003, 01000004 Randall 11120103 111201030106 10.8 Randall, A Il . N " N 250,000 Y N
Channel (City of Amarillo) Comanche Drainage Channel. Project identified from 2019 Amarillo DMP. anda Town Fork Red Playa andatl, Amartiio Municipal Water Authority, Amarillo ° $ es meets TWDB guidance
01100011 | Culverts: Various Locations | - Evaluate project to quantify ben_eﬁtS_, evaluate impacts and begin design. Improvements to 01000003, 01000004 Potter 11090105 110901050402 Lake Meredith 190 Riverine Amarillo Potter, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River No $250,000 ves Action aligns with goals and
(City of Amarillo) culverts. Project identified from 2019 Amarillo DMP. Municipal Water Authority, Amarillo meets TWDB guidance
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Table 15

by the RFPG

Region 1 Flood
pm | Flood RiskType Estimated RFPG
L . . (Riverine, . " . Emergency . .
FME ID FME Name Description Associated Goals Counties HUC8s HUC12s Watershed Name Area Coastal, Urban, Sponsor Entities with Oversight Need (V/N) Study Cost Recommendation Reason for Recommendation
sqmi g ! Y/N
(sami) Playa Other) ) (Y/N)
West Amarillo Creek Project Evaluate project to quantify benefits, evaluate impacts and begin design. Improvement
Planning - Amarillo Count ! . Potter, Panhandle Regional Planning C ission, Red River Authority of Te , Canadian Ri Acti iy ith Is and
011000120 | i2nmng - Amarilio LoUntry | e installing and replacing concrete boxes, improving the channel, and replacing 2 | 01000003, 01000004 Potter 11090105 110901050308 Lake Meredith 102 Riverine Amarillo otter, Panhandle Reglonal Flanning tommission, Red River Authority of Texas, tanacian River No $250,000 Yes ction allgns with goa's an
Club Channel Reach (City of ) N N N Municipal Water Authority, Amarillo meets TWDB guidance
N driveway structures. Project identified from 2019 Amarillo DMP.
Amarillo)
West Amarillo Creek Project Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements to
Planning - Partridge/Cloud . i Potter, Panhandle Regional Planning C ission, Red River Authority of Te , Canadian Ri Acti If ith Is and
011000121 | P1anning - Partridge/Cloud | oy i Creek study Area - Partridge/Cloud Crest Channel Reach. Project identified from | 01000003, 01000004 Potter 11090105 110901050308 Lake Meredith | 11.1 Riverine Amarillo otter, Fannancle Reglonal ¥ anning -ormission, ted Hiver AuThority of Texas, tanadian River No $250,000 Yes ction aflgns With Boa’s an
Crest Channel Reach (City of]| ) Municipal Water Authority, Amarillo meets TWDB guidance
: 2019 Amarillo DMP.
Amarillo)
Quail Creek Channel from Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements to Potter, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000122 Plum Creek Storm Channel Quail Creek Channel from Plum Creek Storm Channel Reach. Project identified from 2019 01000003, 01000004 Potter 11090105 110901050308 Lake Meredith 11.1 Riverine Amarillo ! 8 ) g Lo . Y " No $250,000 Yes B! g
y N N Municipal Water Authority, Amarillo meets TWDB guidance
Reach (City of Amarillo) Amarillo DMP.
East Amarillo Creek Project
Planning - Lower East Evaluate project to quantify benefits, evaluate impacts and begin design. Replace four arch . L N Potter, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000123 01000003, 01000004 Pott 11090105 110901050402 Lake Meredith 19.0 R Ar I N 250,000 Ye
Amarillo Creek Channel CMP and improve channels. Project identified from 2019 Amarillo DMP. ' otter ake Mered lverine martiio Municipal Water Authority, Amarillo °© $250, s meets TWDB guidance
Reach (City of Amarillo)
East Amarillo Creek Project Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements
Pl ing - Hasti Ave. t " ) Potter, Panhandle Regi | Pl ing C ission, Red River Authority of T¢ , Canadian Ri Acti If ith I d
011000124 | - o"ning - RAstings AVE- 101 oy 46 installing additional concrete boxes, a reinforced concrete bridge, and improving the | 01000003, 01000004 Potter 11090105 110901050402 Lake Meredith 19.0 Riverine Amarillo otter, Fannandie Reglonal Flanning tommission, Red River Autnority ot Texas, Canadian River No $250,000 Yes ction aligns With goa’s an
River Road Channel Reach Lo . . Municipal Water Authority, Amarillo meets TWDB guidance
N " channel. Project identified from 2019 Amarillo DMP.
(City of Amarillo)
East Amarillo Creek Project . N y . . .
Planning - Valley Park Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements Potter, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000125 . 8 ¥ include modifying and installing concrete boxes, raising roads, and improving channels. Project | 01000003, 01000004 Potter 11090105 110901050402 Lake Meredith 19.0 Riverine Amarillo ! 8 . g Lo . Y " No $250,000 Yes B! g
Tributary Channel Reach N " " Municipal Water Authority, Amarillo meets TWDB guidance
) " identified from 2019 Amarillo DMP.
(City of Amarillo)
SE 34thy Grand at Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements to SE Upper Prairie Do, Riverine and Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000126 | Comanche Golf Course project fo quantily ' pacts and Dee™ Sesien. mprovem 01000003, 01000004 Randall 11120103 111201030106 i €| 108 Randall, Amarillo ' € ne e unenity . No $250,000 Yes © &
) ) 34th/ Grand at Comanche Golf Course Channel. Project identified from 2019 Amarillo DMP. Town Fork Red Playa Municipal Water Authority, Amarillo meets TWDB guidance
Channel (City of Amarillo)
West Amarilo Creek Project Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements Potter, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000127  [Planning - Westcliff Channel| include 2 additional 36" RCP at Kouba Drive and improving channel from W. 9th Ave to Kouba | 01000003, 01000004 Potter 11090105 110901050308 Lake Meredith 10.2 Riverine Amarillo ! 8 ) g P ) Y " No $250,000 Yes B! g
y N Lo . . Municipal Water Authority, Amarillo meets TWDB guidance
Reach (City of Amarillo) Dr. Project identified from 2019 Amarillo DMP.
West Amarillo Creek Project . . y N . .
Planning - Wolfin Avenue Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements Potter, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000128 s y include additional RCPs, installing concrete boxes, improving channel, and installing RCP with | 01000003, 01000004 Potter 11090105 110901050308 Lake Meredith 11.1 Riverine Amarillo ! 8 ) g P ) Y " No $250,000 Yes B! g
Channel Reach (City of . Lo . . Municipal Water Authority, Amarillo meets TWDB guidance
N inlet and outlet structure. Project identified from 2019 Amarillo DMP.
Amarillo)
West Amarillo Creek Project
Planning - Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements to . . L " 5 " . . N N
Potter, Panhandle R | Pl C , Red Ri Authority of T , Canadian Ri Acti | ith Is and
011000129 Tascosa/Westwood West Amarillo Creek Study Area - Tascosa/Westwood Channel Reach. Project identified from | 01000003, 01000004 Potter 11090105 110901050308 Lake Meredith | 10.2 Riverine Amarillo otter, Fanhancle Reglonal ™ anning Fommission, e fiver AuThority ot fexas, anadian River No $250,000 Yes ction aligns With goa’s an
) . Municipal Water Authority, Amarillo meets TWDB guidance
Channel Reach (City of 2019 Amarillo DMP.
Amarillo)
East Amarillo Creek Project Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements
Planning - Ri R ! . Potter, Panhandle Regi | Pl ing C ission, Red River Authority of Te , Canadian Ri Acti If ith I d
011000130 anning - Ross Rogers include replacing arch CMP with concrete boxes, raising roads, and installing an additional | 01000003, 01000004 Potter 11090105 110901050402 Lake Meredith 19.0 Riverine Amarillo otter, Fannandie Reglonal Flanning tommission, Red River Autnority ot Texas, Canadian River No $250,000 Yes ction aligns With goa’s an
Tributary Channel Reach L . N Municipal Water Authority, Amarillo meets TWDB guidance
N " concrete box. Project identified from 2019 Amarillo DMP.
(City of Amarillo)
Pl No. 14 Project
Plaa\:;inO Diarr:;::l Evaluate project to quantify benefits, evaluate impacts and begin design. Proposed Upper Prairie Do, Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000131 € ) improvement include new 750 GMP pumping station with 8" suction line, and new 8" force | 01000003, 01000004 Randall 11120103 111201030101 i el 17 Riverine Randall, Amarillo ' € né e unenity . No $250,000 Yes © &
Horseshoe Lake (City of . Lo . : Town Fork Red Municipal Water Authority, Amarillo meets TWDB guidance
N main. Project identified from 2019 Amarillo DMP.
Amarillo)
Playa No. 7 Project Plannin, Evaluate project to quantify benefits, evaluate impacts and begin design. Proposed Upper Prairie Do, Riverine and Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000132 | Y@ M- 7 Frolect € improvements include excavating 100,000 CY, add new 3,000 GPM pumping station 01000003, 01000004 Randall 11120103 111201030101 i el 29 Randall, Amarillo ' € ne e unenity . No $250,000 Yes © &
(City of Amarillo) N - . I - . Town Fork Red Playa Municipal Water Authority, Amarillo meets TWDB guidance
withsuction line, and add new force main. Project identified from 2019 Amarillo DMP.
McCarty Lake Project Evaluate project to quantify benefits, evaluate impacts and begin design. Excavate 500,000 CY. Upper Prairie Do Riverine and Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000133 e IS | Raise street and install equalization culverts. Add new pumping station with suction line, and | 01000003, 01000004 Randall 11120103 111201030101 i el 63 Randall, Amarillo ' € ne e unenity . No $382,000 Yes © &
Planning (City of Amarillo) . Lo e : Town Fork Red Playa Municipal Water Authority, Amarillo meets TWDB guidance
add new force main. Project identified from 2019 Amarillo DMP.
Willow Grove Project Evaluate project to quantify benefits, evaluate impacts and begin design. Excavate 5,000 CY to Upper Prairie Do, Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000134 oW IS | £l 3564.0 to connect two playa chambers. Add new 500 GPM pumping station with 8" suction | 01000003, 01000004 Randall 11120103 111201030102 i el 17 Riverine Randall, Amarillo ' € ne e unenity . No $250,000 Yes © &
Planning (City of Amarillo) N " . Lo . N Town Fork Red Municipal Water Authority, Amarillo meets TWDB guidance
line and 6" force main. Project identified from 2019 Amarillo DMP.
. Evaluate project to quantify benefits, evaluate impacts and begin design. Excavate 140,000 CY, - . . . i . . . . N N
B tt Lake P t U P Di Randall, Panhandle R | Pl C Red Ri Authority of T Canadian Ri Acti | ith I d
011000135 ennett Lake Froject - - 4d new 5,000 GPM pumping station with suction line, add several force mains at various sizes. | 01000003, 01000004 Randall 11120103 111201030101 pperPrairie Dog | 4 3 Riverine Randall, Amarillo andall, Fanhandle Reglonal Flanning L.ommission, Red River Authority of Texas, Lanadian River No $556,000 Yes ction aligns with goals an
Planning (City of Amarillo) L e . Town Fork Red Municipal Water Authority, Amarillo meets TWDB guidance
Project identified from 2019 Amarillo DMP.
. Evaluate project to quantify benefits, evaluate impacts and begin design. Add new 3,000 GMP - . . - . . . . . " .
L Lake P t U P Di Potter, Panhandle R | Pl C Red Ri Authority of T Canadian Ri Acti | ith I d
011000136 awrence Lake Project | mps at both pumps, replace 15" PV with 20", and replace 16" STL with 24", Project identified | 01000003, 01000004 Potter 11120103 111201030101 pper Prairie Dog | g 4 Riverine Amarillo otter, Fannandie Reglonal Flanning tommission, Red River Autnority of Texas, Canadian River No $250,000 Yes ction aligns With goa’s an
Planning (City of Amarillo) N Town Fork Red Municipal Water Authority, Amarillo meets TWDB guidance
from 2019 Amarillo DMP.
011000137 Playa Nq. 34 Projec.t Evalu.ate project Fo quantify benefits, evalu.ate |}T\pac.t§ and begin design. I.mprovements 01000003, 01000004 | Potter, Randall 11120103 111201030107 Upper Prairie Dog a1 Riverine and Randall, Amarillo Potter, Randall, Panhandle Re.glonal P\jar.\nlng Commlsslon,. Red Rlve.rAulhumy of Texas, Canadian No $250,000 Yes Action aligns with goals and
Planning (City of Amarillo) include adding an outfall channel. Project identified from 2019 Amarillo DMP. Town Fork Red Playa River Municipal Water Authority, Amarillo meets TWDB guidance
N . Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements - . . . " N . . . N N
Wild H: Lake P t Ri d Potter, Panhandle R | Pl C Red Ri Authority of T Canadian Ri Acti | ith Is and
011000138 11c Horse Lake Project |, |, .de adding a 30" relief culvert and a new junction box w/ flap gate. Project identified from | 01000003, 01000004 Potter 11090105 110901050402 Lake Meredith 37 verine an Amarillo otter, Fannandie Reglonal Flanning tommission, Red River Authority ot Texas, Canadian River No $250,000 Yes ction aligns With goa’s an
Planning (City of Amarillo) . Playa Municipal Water Authority, Amarillo meets TWDB guidance
2019 Amarillo DMP.
West Amarillo Creek Project . N y . . .
Planning - AISD/B I Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements to Potter, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000139 g ) West Amarillo Creek Study Area - AISD/B 1-40/MediPark. Project identified from 2019 Amarillo | 01000003, 01000004 Potter 11090105 110901050308 Lake Meredith 11.1 Riverine Amarillo ! 8 ) g Lo ) Y " No $250,000 Yes B! g
40/MediPark (City of DMP. Municipal Water Authority, Amarillo meets TWDB guidance
Amarillo) )
East Amarillo Creek Project
Planning - North Bolton St. Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements . Lo N Potter, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000140 01000003, 01000004 Potte 11090105 110901050402 Lake Meredith 19.0 R Al Il N 250,000 Y N
Storm Sewer (City of include adding 1 new 42" RCP and 2 new 48" RCP. Project identified from 2019 Amarillo DMP. otter ake Meredi lverine martiio Municipal Water Authority, Amarillo ° $ es meets TWDB guidance
Amarillo)
McCarty Lake Project . N y . . .
Planning - Fulton/ Hampton Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements to Upper Prairie Do Riverine and Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000141 € amp McCarty Lake Study Area - Fulton/ Hampton Storm Sewer. Project identified from 2019 | 01000003, 01000004 Randall 11120103 111201030101 i el 63 Randall, Amarillo ' € ne e unenity . No $250,000 Yes © &
Storm Sewer (City of Amarillo DMP. Town Fork Red Playa Municipal Water Authority, Amarillo meets TWDB guidance
Amarillo) .
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Canadian - Upper Red Table 15
Region 1 Flood by the RFPG
pm | Flood RiskType Estimated RFPG
L . . (Riverine, . " . Emergency . .
FME ID FME Name Description Associated Goals Counties HUC8s HUC12s Watershed Name Area Coastal, Urban, Sponsor Entities with Oversight Need (V/N) Study Cost Recommendation Reason for Recommendation
sqmi g ! Y/N
(sqmi) Playa Other) ($) (Y/N)
Playa No. 4 Outfall (City of Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements to Palo buro, Upper Riverine and Action aligns with goals and
011000142 v ) . v proj g L e P 8 . 8n. 'mp 01000003, 01000004 Randall 11120102, 11120103 111201020303, 111201030101 Prairie Dog Town 2.9 Randall, Amarillo Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Amarillo No $250,000 Yes e g
Amarillo) Playa No. 4 Outfall. Project identified from 2019 Amarillo DMP. Fork Red Playa meets TWDB guidance
McDonald Lake Project . . y N . .
Planning - Wesle Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements to Upper Prairie Do, Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000143 ) g ey, McDonald Lake Study Area - Wesley, Tripp/Van Winkle Storm Sewer. Project identified from | 01000003, 01000004 Randall 11120103 111201030101 i €l 19 Riverine Randall, Amarillo ' € ne e unenity . No $250,000 Yes © &
Tripp/Van Winkle Storm . Town Fork Red Municipal Water Authority, Amarillo meets TWDB guidance
N " 2019 Amarillo DMP.
Sewer (City of Amarillo)
McDonald Lake Project . N y . . .
Planning - Walmart/ Lowes Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements to Upper Prairie Do Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000144 € ’ McDonald Lake Study Area - Walmart/ Lowes Storm Sewer. Project identified from 2019 | 01000003, 01000004 Randall 11120103 111201030101 i €l 19 Riverine Randall, Amarillo ' € ne e unerity . No $250,000 Yes © &
Storm Sewer (City of N Town Fork Red Municipal Water Authority, Amarillo meets TWDB guidance
. Amarillo DMP.
Amarillo)
y Evaluate project to quantify benefits, evaluate impacts and begin design. Project - . . .. . . " . " N
L: Lake Outfall (Cit» u P Dy Potter, Randall, Panhandle R | Pl C Red Ri Authority of Te Canad Acti | ith Is and
011000145 | tAwrence Lake Outfall (City | 0 ents include 2 inlet boxes and parallel relief line that will outfall at the current | 01000003, 01000004 | Potter, Randall 11120103 111201030101 pper Prairie Dog | g 4 Riverine Randall, Amarillo | o Ranadl, Fannandie Reglonal Flanning rommission, Red River Authority ot Texas, tanacian No $250,000 Yes ction aligns With goa’s an
of Amarillo) - . . Town Fork Red River Municipal Water Authority, Amarillo meets TWDB guidance
cascaded outfall. Project identified from 2019 Amarillo DMP.
Playa No. 7 Coulter/Loop Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements to - - . . .. " N " . . N N
y U P D R d N Randall, Panhandle R | Pl C , Red Ri Authority of T , Canadian Ri Acti | ith Is and
011000146 | 335 Storm Sewer (City of ~|Playa No. 7 Coulter/Loop 335 Storm Sewer. System takes flow from Playa watersheds 11 and 14| 01000003, 01000004 Randall 11120103 111201030101 pperpralie %8 | 46 verine an Randall, Amarillo | oo Fanhandle Reglonal Flanning Hommission, fec Hver Authority of fexas, tanacian Hiver No $250,000 Yes ction aflgns with goa’s an
. . - N Town Fork Red Playa Municipal Water Authority, Amarillo meets TWDB guidance
Amarillo) and outflows to Playa 7. Project identified from 2019 Amarillo DMP.
McCarty Lake Project Evaluate project to quantify benefits, evaluate impacts and begin design. Proposed - . . . . i . . . . N N
u P Dy Ri d Randall, Panhandle R | Pl C Red Ri Authority of T Canadian Ri Acti | ith Is and
011000147 | Planning - Downstream I-27 | improvements consist of constructing a relief interceptor sized to take storm flows to McCarty | 01000003, 01000004 Randall 11120103 111201030101 pper Prairie Dog 6.3 lverine an Randall, Amarillo andall, Panhandle Reglona ann!n.g ommission, e. ver u ority ot Texas, Canadian River No $383,000 Yes ction aligns wi goa san
N . L e . Town Fork Red Playa Municipal Water Authority, Amarillo meets TWDB guidance
(City of Amarillo) Lake. Project identified from 2019 Amarillo DMP.
McCarty Lake Project . N . . . "
) L Evaluate project to quantify benefits, evaluate impacts and begin design. Proposed Lake Meredith, - . . L " . " . . " N
Pl - Hillside/H t Ri d Randall, Panhandle R | Pl C , Red Ri Authority of T , Canadian Ri Acti | ith Is and
011000148 | P12ning - Hillside/Hampton| o ts include adding storm drain, adding parallel system, and then connecting to the | 01000003, 01000004 Randall 11090105, 11120103 110901050308, 111201030101 Upper Prairie Dog | 6.3 \verine an Randall, Amarillo ancall, Fanhandle Reglonal Planning tommission, Red River Authority of Texas, tanacian River No $250,000 Yes ction aflgns with goa's an
Storm Sewer (1B) (City of . . Lo e N Playa Municipal Water Authority, Amarillo meets TWDB guidance
N existing crossing. Project identified from 2019 Amarillo DMP. Town Fork Red
Amarillo)
Willow Grove Project
Planning - Evaluate project to quantify benefits, evaluate impacts and begin design. Replace four pipes Upper Prairie Dog - . Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000149 N . Lo e - 01000003, 01000004 Randall 11120103 111201030102 17 R Randall, A I L N . N 250,000 Y N
Rushmore/Hayden Storm with 60" or 66" pipes. Project identified from 2019 Amarillo DMP. anda Town Fork Red lverine andall, Amarilio Municipal Water Authority, Amarillo ° $ s meets TWDB guidance
Sewer (City of Amarillo)
Gooch Lake Project . N y . . .
Planning - 27th Ave/RR Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements Upper Prairie Do Riverine and Potter, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000150 € ) include adding inlets, a 24" RCP lateral, and a manhole. Project identified from 2019 Amarillo | 01000003, 01000004 Potter 11120103 111201030106 i €| 108 Amarillo ' € ne e snonty . No $250,000 Yes © &
Storm Sewer (City of DMP Town Fork Red Playa Municipal Water Authority, Amarillo meets TWDB guidance
Amarillo) )
Wild Hi Lake Project
PIa;ninmS;NaG/eLi rs(::Joercnb Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements Lake Meredith, Riverine and Potter, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000151 s p include replacing 5 pipes with larger diameters, adding two RCP, and adding a new diversion | 01000003, 01000004 Potter 11090105, 11120103 110901050402, 111201030101 Upper Prairie Dog 3.7 Amarillo ! 8 ) g Lo . Y " No $250,000 Yes B! g
Storm Sewer (City of Co . N Playa Municipal Water Authority, Amarillo meets TWDB guidance
N structure. Project identified from 2019 Amarillo DMP. Town Fork Red
Amarillo)
McDonald Lake Project . N y . . .
Planning - Coulter Street Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements Upper Prairie Do, Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000152 € i include adding 36" RCP parallel to several pipes, adding 6 new RCP, and replacing the 72" RCP | 01000003, 01000004 Randall 11120103 111201030101 i €l 19 Riverine Randall, Amarillo ' € né e unenity . No $250,000 Yes © &
Storm Sewer (City of . " Lo e : Town Fork Red Municipal Water Authority, Amarillo meets TWDB guidance
. with a 84" RCP. Project identified from 2019 Amarillo DMP.
Amarillo)
Lawrence Lake Project . . y N " .
Planning - Dilday Draw Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements Upper Prairie Do, Potter, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000153 oS (git ot | include channel improvement on several RCP, replacing a 54" and 48" RCP with 60" RCP and | 01000003, 01000004 Potter 11120103 111201030101 e ronen | ot Riverine Amarillo ' e Wates et oty oY . No $250,000 Yes il i
er -ty adding 30" PCP parallel to 72" RCP. Project identified from 2019 Amarillo DMP. P v, 8!
Amarillo)
Lawrence Lake Project . . y N " . " .
Planning - Fleetwood Drive Evaluate project to quantify benefits, evaluate impacts and begin design. Replace pipes with Upper Prairie Do, Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000154 € ‘ ones with larger diameters, add three new pipes, and connect two pipes in three locations. | 01000003, 01000004 Randall 11120103 111201030101 i €l o1 Riverine Randall, Amarillo ' € ne e unerity . No $250,000 Yes © &
Storm Sewer (City of Lo . : Town Fork Red Municipal Water Authority, Amarillo meets TWDB guidance
N Project identified from 2019 Amarillo DMP.
Amarillo)
Lawrence Lake Project . N y . " .
Planning - Julian Blvd. Evaluate project to quantify benefits, evaluate impacts and begin design. Proposed Upper Prairie Do, Potter, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000155 N VS| improvements consist of adding a major trunkline, and a lateral and inlets. Project identified | 01000003, 01000004 Potter 11120103 111201030101 i €l o1 Riverine Amarillo ' € ne e snonty . No $250,000 Yes © &
Storm Sewer (City of : Town Fork Red Municipal Water Authority, Amarillo meets TWDB guidance
. from 2019 Amarillo DMP.
Amarillo)
Lawrence Lake Project Evaluate project to quantify benefits, evaluate impacts and begin design. Proposed Upper Prairie Do, Potter, Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian Action aligns with goals and
011000156 | Planning - Olsen/Emil Storm | improvements include new inlets and laterals, and upsizing existing laterals and trunk line | 01000003, 01000004 | Potter, Randall 11120103 111201030101 i €l o1 Riverine Randall, Amarillo ' ' B anning ' y v ' No $250,000 Yes © &
N . Lo . . Town Fork Red River Municipal Water Authority, Amarillo meets TWDB guidance
Sewer (City of Amarillo) through the outfall. Project identified from 2019 Amarillo DMP.
L Lake Project
Pla:x;encsewazzthr:{/eecnue Evaluate project to quantify benefits, evaluate impacts and begin design. Proposed Upper Prairie Do, Potter, Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian Action aligns with goals and
011000157 € i improvements include adding multiple inlets and laterals and connecting them into an existing | 01000003, 01000004 | Potter, Randall 11120103 111201030101 i €l o1 Riverine Randall, Amarillo ' ' B anning ' y v ' No $250,000 Yes © &
Storm Sewer (City of N Lo . N Town Fork Red River Municipal Water Authority, Amarillo meets TWDB guidance
. parallel line. Project identified from 2019 Amarillo DMP.
Amarillo)
Wild Horse Lake Evaluate project to quantify benefits, evaluate impacts and begin design. Improvements to Riverine and Potter, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000158 |mprovement (City of projecttoq > evajuate Imp 8in design. 'mp 01000003, 01000004 Potter 11090105 110901050402 Lake Meredith 37 Amarillo ’ 8 e » hec snority g No $250,000 Yes ® 8
Amarillo) Wild Horse Lake. Project identified from 2019 Amarillo DMP. Playa Municipal Water Authority, Amarillo meets TWDB guidance
McCarty Lake Project N . y N . . i
) L Evaluate project to quantify benefits, evaluate impacts and begin design. Proposed Lake Meredith, - . . L " . " . . " N
Pl - Hillside/H t Ri d Randall, Panhandle R | Pl C , Red Ri Authority of T , Canadian Ri Acti | ith Is and
011000159 | P1aning - Hillside/Hampton|, o o ts include the interceptor and inlets and parallel storm drain to direct flow into the | 01000003, 01000004 Randall 11090105, 11120103 110901050308, 111201030101 Upper Prairie Dog | 6.3 \verine an Randall, Amarillo ancall, Fanhandle Reglonal Planning tommission, Red River Authority of Texas, tanacian River No $250,000 Yes ction aflgns with goa's an
Storm Sewer (2A) (City of L . L . " Playa Municipal Water Authority, Amarillo meets TWDB guidance
Amarillo) existing storm drain system. Project identified from 2019 Amarillo DMP. Town Fork Red
McCarty Lake Project
Plannicn at Ziillzi:e/:?: ton Evaluate project to quantify benefits, evaluate impacts and begin design. Proposed Lake Meredith, Riverine and Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000160 8 . P improvements include inlets and capacity, including extending the storm drain to tie into the | 01000003, 01000004 Randall 11090105, 11120103 110901050308, 111201030101 Upper Prairie Dog 6.3 Randall, Amarillo ’ 8 N g Lo . 4 " No $250,000 Yes e g
Storm Sewer (2B) (City of N o i . Playa Municipal Water Authority, Amarillo meets TWDB guidance
Amarillo) Catalpa storm drain and outfall. Project identified from 2019 Amarillo DMP. Town Fork Red
Playa 4 Watershed Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects. Marked Palo Duro, Upper Riverine and Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000161 Ve’ ; e P conceptual ? ’ projects. 01000001, 01000002 Randall 11120102, 11120103 111201020303, 111201030101 Prairie Dog Town | 2.9 Randall, Amarillo d € ne e uthority ’ No $431,000 Yes ® &
Study (City of Amarillo) as high priority in 2019 Amarillo DMP Fork Red Playa Municipal Water Authority, Amarillo meets TWDB guidance
011000162 McDonaIdALake Wate.rshed Perform H&H modeling, developAconce‘pt}Jal.alternatlves ?nd OPCC, and rank projects. Marked 01000001, 01000002 Randall 11120103 111201030101 Upper Prairie Dog 19 Riverine Randall, Amarillo Randall, Panhandle Regional Plann!n.g Commission, Re<.1 River A\.Jthonty of Texas, Canadian River No $282,000 Yes Action aligns with goals and
Study (City of Amarillo) as high priority in 2019 Amarillo DMP Town Fork Red Municipal Water Authority, Amarillo meets TWDB guidance
Playa 8 Watershed Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects. Marked Palo Duro, Upper Riverine and Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000163 Ve’ ; e P conceptual ? ’ projects. 01000001, 01000002 Randall 11120102, 11120103 111201020303, 111201030101 Prairie Dog Town | 1.9 Randall, Amarillo d € ne e uthority ’ No $284,000 Yes ® &
Study (City of Amarillo) as high priority in 2019 Amarillo DMP Fork Red Playa Municipal Water Authority, Amarillo meets TWDB guidance
Lawrence Lake Watershed | Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects. Marked Lake Meredith, Potter, Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian Action aligns with goals and
011000164 " " & P . p. o . ! proj : 01000001, 01000002 | Potter, Randall 11090105, 11120103 110901050308, 110901050402, 111201030101, 111201030106 | Upper Prairie Dog 9.1 Riverine Randall, Amarillo ! Y .g L e 4 " u ! No $1,000,000 Yes e g
Study (City of Amarillo) as very high priority in 2019 Amarillo DMP Town Fork Red River Municipal Water Authority, Amarillo meets TWDB guidance
011000165 | Bennett take Watershed | Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects. Marked | ;. 300051 91000002 Randall 11120103 111201030101, 111201030102 Upper Prairie Dog |, 5 Riverine Randall, Amarillo | "2ndall- Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River No $195,000 Yes Action aligns with goals and
Study (City of Amarillo) as very high priority in 2019 Amarillo DMP Town Fork Red Municipal Water Authority, Amarillo meets TWDB guidance
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Table 15

by the RFPG

Region 1 Flood
pm | Flood RiskType Estimated RFPG
L . . (Riverine, . " . Emergency . .
FME ID FME Name Description Associated Goals Counties HUC8s HUC12s Watershed Name Area Coastal, Urban, Sponsor Entities with Oversight Need (V/N) Study Cost Recommendation Reason for Recommendation
sqmi g ! Y/N
(sqmi) Playa Other) ($) (Y/N)
Playa 11 Watershed Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects. Marked Upper Prairie Dog Riverine and . Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000166 01000001, 01000002 Randall 11120103 111201030101 2.9 Randall, A I N 424,000 Ye
Study (City of Amarillo) as high priority in 2019 Amarillo DMP ' anda Town Fork Red Playa andall, Amariflo Municipal Water Authority, Amarillo °© 5424, s meets TWDB guidance
Diamond Horseshoe Lake Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects. Marked Upper Prairie Do, Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000167 | Watershed Study (City of e P conceptua ? ’ projects. 01000001, 01000002 Randall 11120103 111201030101 i el 17 Riverine Randall, Amarillo ' € né e unenity . No $247,000 Yes © &
Amarillo) as high priority in 2019 Amarillo DMP Town Fork Red Municipal Water Authority, Amarillo meets TWDB guidance
011000168 McCarty I?ake Water.shed Perform H&H modeling, deve|op'conce.pt'ual.alternatlves ?ﬂd OPCC, and rank projects. Marked 01000001, 01000002 Randall 11120103 111201030101, 111201030102 Upper Prairie Dog 63 Riverine and Randall, Amarillo Randall, Panhandle Regional Plann!n.g Commission, Refj River AL.Jthorlty of Texas, Canadian River No $923,000 ves Action aligns with goals and
Study (City of Amarillo) as high priority in 2019 Amarillo DMP Town Fork Red Playa Municipal Water Authority, Amarillo meets TWDB guidance
Willow Grove Lake Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects. Marked Upper Prairie Do, Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000169 | Watershed Study (City of e P conceptua 2 e projects. 01000001, 01000002 Randall 11120103 111201030101, 111201030102 i el 17 Riverine Randall, Amarillo ' € ne e unerity . No $246,000 Yes © &
Amarillo) as very high priority in 2019 Amarillo DMP Town Fork Red Municipal Water Authority, Amarillo meets TWDB guidance
Playa 35 Watershed Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects. Marked Upper Prairie Dog Riverine and . Potter, Panhandle Regional Planning Commission, Red River Authority of Texas, Canadian River Action aligns with goals and
011000170 N N N I N 01000001, 01000002 Pott 11120103 111201030107, 111201030501 2.9 Al [l P . N N 420,000 Y N
Study (City of Amarillo) as high priority in 2019 Amarillo DMP otter Town Fork Red Playa martlio Municipal Water Authority, Amarillo ° $ s meets TWDB guidance
3 ) . . Lake Meredith, - . . . . - " . : : .
011000171 wild Horsg Lake Wate.rshed Perform H&H modeling, develop co.ncept.ua.l al.ternatlves am.i OPCC, and rank projects. Marked 01000001, 01000002 Potter 11090105, 11120103 110901050308, 110901050309, 110901050402, 111201030101, Upper Prairie Dog 37 Riverine and Amarillo Potter, Panhandle Regional Plannl.ng Commission, Red. River Au.thonty of Texas, Canadian River No $548,000 Yes Action aligns with goals and
Study (City of Amarillo) as very high priority in 2019 Amarillo DMP 111201030106 Town Fork Red Playa Municipal Water Authority, Amarillo meets TWDB guidance
Lake Meredith,
N " N . . . ) 110901050308, 110901050309, 110901050402, 111201030101, Upper Prairie Dog - . . . . B . . . .
011000172 |7UmP Station Rehab (City of - Evaluate six current pump stations to identify improvements; selected based on stakeholder | o, 00003 01000004 | Potter, Randall | 11090105, 11120103, 11120301 |111201030102, 111201030106, 111201030107, 111203010101, Town Fork Red, | 1016 | verineand Randall, Canyon | "Ote" Randall, Panhande Regional Planning Commission, Red River Authority of Texas, Canadian No $125,000 Yes Action aligns with goals and
Amarillo) feedback Playa River Municipal Water Authority, Amarillo meets TWDB guidance
111203010102 Upper North Fork
Red
Lake Meredith,
Convert Playa ASAPP " . N : . " 110901050308, 110901050309, 110901050402, 111201030101,| Upper Prairie Dog - . . .. . . " . N N
Create St line Technol ICPR Vi 4 model of A llo Pl der t I Ri d Potter, Randall, Panhandle R | Pl C , Red Ri Authority of Te , Canadi Acti | ith Is and
011000173 | Models into ICPR (City of | core o o e |ecnnoioBtes ersion & mode’ of Amartiio Flayas In order to more €ast¥ | 01000001, 01000002 | Potter, Randall | 11090105, 11120103, 11120301 |111201030102, 111201030106, 111201030107, 111203010101,| Town ForkRed, | 101.6 verine an Randall, Amarillo | o onoel Pamhandle feglonal Franning rommission, Re¢ Hver Authortly ot fiexas, Ganadian No $500,000 Yes ction aflgns With Boa’s an
N update and use models Playa River Municipal Water Authority, Amarillo meets TWDB guidance
Amarillo) 111203010102 Upper North Fork
Red
Bivins Lake Dam Evaluati Evaluate Bivins Lak d dam to determil tential modifications t h; flood control Randall, Deaf Riveri d Acti If ith Is and
011000174 | o'V Fake am bvaluation | valuate Bivins Lake and dam to determine potential moditications to enhance lood control | 41600001, 01000002 | oo 27 11120102 111201020302 Palo Duro 328 verine an Randall, Amarillo Randall, Deaf Smith, Panhandle Regional Planning Commission, Red River Authority of Texas No $250,000 Yes ction aligns with goals an
(City of Amarillo) function; selected based on USACE report and stakeholder feedback Smith Playa meets TWDB guidance
N Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects. Marked . . B . . 5 N . N N
S| Dy Watershed Ri d Potter, Randall, Potter, Randall, Panhandle R I Pl C Red Ri Authority of T A I Acti | ith Is and
011000175 pring Draw Watershe as high priority in 2019 Amarillo DMP. Joint effort between Amarillo, Canyon, and Randall | 01000001, 01000002 | Potter, Randall 11120102 111201020303 Palo Duro 439 verine an otter, Rancall otter, Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Amarille, No $499,000 Yes ction afigns With goals an
Study Playa Canyon Canyon meets TWDB guidance
County
Tributary to West Amarillo Lake Meredith
Perfi H&H modeling, devell tual alt ti d OPCC, and rank projects. Marked o - . Potter, Randall, Panhandle Regional Planning C ission, Red River Authority of Te , Canadi: Acti iy ith Is and
011000176 Creek Watershed erform REF modeling, develop conceptual aiternatives an and rank projects. Marked | 51000001, 01000002 | Potter, Randall 11090105, 11120103 110901050308, 111201030101 Upper Prairie Dog |  11.1 Riverine Randall, Amarillo | FOe" Randall, Panhandle Reglonal Planning Commission, Red River Authority of Texas, Canadian No $1,000,000 Yes ction aligns with goals an
N . as high priority in 2019 Amarillo DMP River Municipal Water Authority, Amarillo meets TWDB guidance
Study (City of Amarillo) Town Fork Red
Canyon Drainage Master " N N . Tierra Blanca, Palo - . N N
Perf H&H modeling, devel, tual alt t d OPCC, and rank ts, with 01000001, 01000002, - Ri d . . . . N Acti | ith Is and
011000177 Plan eriorm HEH modeing, deve op conceptual atermatives and BF-% and rank projects, with & Randall 11120101, 11120102, 11120103 | 111201010609, 111201020303, 111201020304, 111201030101 | Duro, Upper Prairie | 7.1 verine an Randall, Canyon Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canyon No $250,000 Yes ction aligns with goals an
focus on downtown Canyon. Project identified from HMAP 01000005, 01000006 Playa meets TWDB guidance
Dog Town Fork Red
Improve Storm Water - y . . . . . " Tierra Blanca, Palo - . . .
. Initiat tralized data collecti to ident flooding locat based 01000001, 01000002, - Ri d . . . . N Acti | ith Is and
011000178 Drainage and Control | "ti2te 2 centralized data collection program to identify recurring flooding locations based on Randall 11120101, 11120102, 11120103 | 111201010609, 111201020303, 111201020304, 111201030101 | Duro, Upper Prairie | 7.1 verine an Randall, Canyon Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Canyon No $50,000 Yes ction aflgns with goa’s an
" citizen complaints and road maintenance logs; selected based on stakeholder feedback 01000005, 01000006 Playa meets TWDB guidance
Systems (City of Canyon) Dog Town Fork Red
Wichita, Foard,
Detailed Hydrologic and . i . . N Cottle, Motley, North Wichita, R . N N
Perf detailed H&H study of the Wichita R tershed with a f th d 11130204, 11130205, 11130206, A Ri d . Acti | ith I d
011000179 | Hydraulic Study ofthe | ' O o oS stacy ol the Tichita Flver watershed with  focus on the areain ant | 41000001, 01000002 | Wilbarger, knox, - South Wichita, | 31741 | oo Wichita Falls - No $528,000 Yes ction aflgns With Boa’s an
o N around Wichita Falls; selected based on stakeholder feedback N i 11130207 s o Playa meets TWDB guidance
Wichita River King, Dickens, Wichita, Wichita
Baylor, Archer
Improve Creek Crossin, Evaluate proposed improvements (upgrade bridge and increase channel flow) to current Upper Prairie Do, Riverine and Randall, Panhandle Regional Planning Commission, Red River Authority of Texas, Palisades, Action aligns with goals and
011000180 pro ) € | crossing to develop a cost, quantify benefits, evaluate impacts, and begin design. Project | 01000005, 01000006 Randall 11120103 111201030102, 111201030103 i €l os Randall, Canyon g € € ' v ' . No $250,000 Yes © &
(City of Palisades) ) e Town Fork Red Playa Timbercreek Canyon meets TWDB guidance
identified from survey response.
Blue-China, F: 1 Mont , Clay, Wichita, Archer, Nortex Regional Planning Ct ission, Red River Authority of . . 5
Clay County Drainage Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, 11130102, 11130201, 11130206, ue |na. a.rmers - o agL'le . 2y, Wichita, Archer, Nortex eg!on? anmng ommlsslo'n ec River Authority o Action aligns with goals and
011000181 Clay - Mud, Wichita, 985.0 Riverine Clay Texas, Wichita County Water Improvement District 2, Henrietta, Petrolia, Bellevue, Byers, Dean, No $500,000 Yes >
Master Plan based on HMAPs 01000005, 01000006 11130209 L N meets TWDB guidance
Wichita Windthorst, Scotland, Jolly
North Wichita
! Wichita, Foard, Wilb: , Knox, Baylor, Archer, Nortex Regional Planning C ission, West
Baylor County Drainage |Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, 11130204, 11130206, 11130207, Wichita, Southern Riverine and chita, Foar ! a.rger nox, Baylor, Are e.r ortex 'eglona anning OrT?mISSIOI’! .es Action aligns with goals and
011000182 Baylor - 506.1 Baylor Central Texas Council of Governments, Red River Authority of Texas, Brazos River Authority, No $500,000 Yes >
Master Plan based on HMAPs 01000005, 01000006 11130209 Beaver, Southern Playa Seymour meets TWDB guidance
Beaver v
011000183 Culvert_S: Various Locations Evaluate project to quantify ben_eﬁtS_, eva!u_ate impacts and begln design. Improvements to 01000003, 01000004 Potter 11090105 110901050402 Lake Meredith 37 Riverine and Amarillo Potter, Panhandle Regional Plannl.ng Commission, Req River Au.thorlty of Texas, Canadian River No $250,000 ves Action aligns with goals and
(City of Amarillo) culverts. Project identified from 2019 Amarillo DMP. Playa Municipal Water Authority, Amarillo meets TWDB guidance
Blue-China, Wichita, - Clay, Wichita, Wilb: , Baylor, Archer, Nortex Regional Planning C ission, Red Ri . . 5
Wichita County Drainage |Perform H&H modeling, develop conceptual alternatives and OPCC, and rank projects; selected | 01000001, 01000002, _ 11130102, 11130206, 11130207, ue-thina, Wichita Riverine and I e _lc ta, Witbarger, Baylor, Archer, Hor .ex. eglonal anning Lommission .E . ver Action aligns with goals and
011000189 Wichita - Southern Beaver, 617.3 Wichita Authority of Texas, Archer County MUD 1, Wichita County Water Improvement District 2, No $500,000 Yes >
Master Plan based on stakeholder feedback. 01000005, 01000006 11130209 Playa L . B N N meets TWDB guidance
Southern Beaver Burkburnett, Electra, Pleasant Valley, lowa Park, Wichita Falls, Cashion Community, Lakeside City
Lake Meredith,
Tierra Blanca, Palo Carson, Potter, Oldham, Swisher, Castro, Armstrong, Randall, Deaf Smith, Panhandle Regional
011000180 Randall County Culvert Evaluate culverts and low water crossings for capacity and recommend alternatives for 01000001, 01000002, Randall 11090105, 11120101, 11120102, R Duro, Upper Prairie 9223 Riverine and Randall Planning Commission, Red River Authority of Texas, Canadian River Municipal Water Authority, No $120,000 Yes Action aligns with goals and
Evaluations improvements. Locations specified by the county; selected based on stakeholder feedback. 01000005, 01000006 11120103, 11120104, 11120301 Dog Town Fork Red, ) Playa Llano Estacado Water District, Randall County MUD 1, Amarillo, Happy, Palisades, Timbercreek ! meets TWDB guidance
Tule, Upper North Canyon, Canyon, Lake Tanglewood
Fork Red
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Table 16

Region 1 Potentially Feasible Flood Mitigation Projects Recommended by the RFPG
" . Flood Risk Type i " " " " Percent Nature- " " Social RFPG
FMP ID FMP Name Description Asso:lz;lt;-)i Goals Counties HUC8s HUC12s Watershed Name Project Type Pm(j:c:n‘i‘;ea (Riverine, Coastal, Sponsor Erg::::i:::h Emerg(:l/l;y) Need Es"mated(:;ojeﬂ Cost s::::;‘::::’:::sm Cos:::tor::;ure based Solution ImNeg:t(r:/eN) :‘;’tgla::::'(':;:; ‘::::;ts'(]vp/‘:‘)’ Ben:::i-:ost Vulnerability | Recommendation Reason for Recommendation
o Urban, Playa, Other) (by cost) P & index (SV1) (¥/N)
Four phase playa excavation project, pump station relocation and - N . . N )
013000001 T Athor Lake Watershed construction of storm sewer improvements along Ross-Osage Street and 01000003, Potter 11120103 111201030106 Upper Prairie Dog Infrastructure 4.15 Localized and Playa Amarillo Potter No $31,300,000 Amarillo Drainage Utility $78,816 0 No No No 1.7 0.90 Yes Alignment with RAFPG goals and
Drainage Improvements N . 01000004 Town Fork Red Fee,$0 TWDB guidance
Southeast 10th Street to provide 100-year flood protection
The proposed imp include the i of a storm drain Wichita Falls N )
013000002 | Rhea Road Drainage Project | system along north on Rhea Road that would eliminate structure flooding %11%2%%%1' Wichita 11130206 | 111302060304 Wichita Storm Drain 033 Localized Wichita Falls Wichita No $2,996,000 Stormwater Utility Fees, |~ $110,929 0 No No No 11 0.60 Yes A"g“'"eT"\m:h E’;’;ﬁ f:als and
in the 100-year storm event. $2,664,460 8
Wichita, Nortex
Brenda Hursh Enhancement Install a bypass system that will intercept flow from Brenda Hursh Creek 01000003, Regional Planning Wichita Falls Action aligns with goals and meets
013000003 B N L and Brenda Hursh Channel at their respective Weeks Street Road crossings 01000004, Wichita 11130206 111302060304 Wichita Infrastructure 1.68 Riverine Wichita Falls Commission, Red No $4,151,000 Stormwater Utility Fee, $64,865 8.5 No Yes No 1.1 0.17 Yes g g
Project (City of Wichita Falls) N . N TWDB guidance
and convey the runoff to the west through a proposed pipe system 01000013 River Authority of $4,151,000
Texas, Wichita Falls

y L The prop p include up: and ) )
013000012 City of Canyon FAIood Mitigation ponds, channel enlargements and low water crossings improvements to 01000003, Randall 11120102 111201020304 Palo Duro Other 0.61 Riverine Canyon Canyon No $37,238,000 .- $1,379,176 ] No No No 0.5 0.53 Yes Alignment with RAFPG goals and
Project o R 01000004 TWDB guidance
reduce flooding in the residential area near Palo Duro Creek Golf Course.
The proposed imp! include for the i of concrete curb Wichita Falls
013000013 | Wichita GardensDrainage | and gutter th ut entire ent in order to install a storm drain | - 01000005, Wichita 11130206 | 111302060407 Wichita Storm Drain 0.22 Localized Wichita Falls Wichita Falls No $10,009,000  |Stormwater Utility Fees, | $100,082 0 No No No 31 0.63 Yes Alignment with RFPG goals and
Improvements system with curb inlets and a trunk line that runs to an outfall at the 01000004 $7,833,106 TWDB guidance

Wichita River.

. . . Wichita Falls " .
013000015 | Echo/Neta Lane Drainage Project| ™12 2 storm drain system with curb and gutter along Jacksboro Highway | 01000003, Wichita 11130206 | 111302060304 Wichita Storm Drain 027 Localized Wichita Falls Wichita No $2,853,000  |Stormwater Utility Fees, |  $203,779 0 No No No 37 0.24 Yes Alignment with RFPG goals and
beginning south of Echo Lane and reaching north to Norman Street. 01000004 $2,537,968 TWDB guidance
. . . . Extend the existing storm drain system on Huskie Drive to reach to the Wichita Falls N )
013000016 Hlirschi- Huske Drainage | . a1 south on Hirschi Lane. Additionally, acquire properties along the | °02000% Wichita 11130206 | 111302060407 Wichita Storm Drain 0.04 Localized Wichita Falls Wichita No $633,000 Stormwater Utility Fees, | $18,071 0 No No No 08 0.76 Yes Alignment with RFPG goals and
Project (City of Wichita Falls) N o 5 N 01000004 TWDB guidance
north side of lowa Park Road between Hirschi Lane and Ridgeway Drive. $562,666
The proposed solution is be a combination of curb and gutter street Wichita Falls N )
013000017 | anden ButyandSunsetSt oo rents for Duty Lane, Landon Road, and Sunset Lane south of Duty | 0-00000% Wichita 11130206 | 111302060407 Wichita Storm Drain 0.05 Localized Wichita Falls Wichita No $2,120,000 Stormwater Utility Fees, | $51,707 0 No No No 106 0.76 Yes Alignment with RFPG goals and
Drainage Project 01000004 TWDB guidance
Lane. $1,885,950
The proposed imp include re-grading of an irrigation Wichita Falls N )
013000018 Spanish Trace Drainage Project canal to convey flow north towards Johnson Road, connecting to the (;11(;%%?3%1' Wichita 11130206 111302060303 Wichita Storm Drain 0.05 Localized Wichita Falls Wichita No $1,043,000 Stormwater Utility Fees, $130,322 0 No No No 1.2 0.51 Yes Allgnme:\;,\g:h ;Z:?‘f:als and
existing torm sewer system. $927,481 8
*- indicates fields intentionally left blank
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Canadian - Upper Red Table 17
Region 1 Feasible Flood by the RFPG
. . Flood Risk Type N Potential Funding Consideration of . N N
FMS ID FMS Name Description Associated Goals Counties HUC8s Huc12s Watershed Name Project Type Strategy Pro!ect (Riverine, Coastal, Sponsor Entities with Oversight Need » rine, Total Sources and Cost/ Structure Nature-based Solution Negative Ne‘g‘atlv'e Impact Water'supplv RFPG Recommendation Reason for Recommendation
(D) Area (sqmi) (Y/N) Noncapital Cost ($) | Strategy Cost ($) Removed Impact (Y/N) | Mitigation (Y/N) | Benefit (Y/N) (Y/N)
Urban, Playa Other) Amount (Y/N)
Tierra Blanca, &
City of Canyon 11120101, ! . . L " .
5 . N o 01000003, 111201010609, 111201020303, Palo Duro, Upper Regulatory and N Randall, Randall, Panhandle Regional Planning Commission, . Already have ordinance, CRS FMS makes project
012000001 Create Floodpl: Establish d it Randall 11120102, 7.1 R d Pl N 0 100,000 N Not Applicabl N N N N N
i SR 01000004 ance ' 111201020304, 111201030101 Prairie Dog Town Guidance verneancFeva | canyon Red River Authority of Texas, Canyon © el one S © © © © © redudant as well
Ordinances 11120103
Fork Red
012000002 Quitaque NFIP | Application to join NFIP or adopt | 01000009, Briscoe 11130103 111301030209, 111301030304 North Pease Regulatory and 07 Riverine and Playa | Quitaque | o 15c0® Panhandle Regional Planning Commission, Red No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Involvement equivalent standards 01000010 Guidance River Authority of Texas, Quitaque
Dean NFIP Application to join NFIP or adopt 01000009, 11130206, 111302060501, 111302090503, Wichita, Little Regulatory and - Clay, Nortex Regional Planning Commission, Red River " . " . "
012000003 Cl 15 Ri Do N 0 100,000 N Not Applicabl N N N N Ye Acti I ith I d ts TWDB guid.
Involvement equivalent standards 01000010 2 11130209 111302090505 Wichita Guidance verine ean Authority of Texas, Dean ° $100, one ot Applicable ° ° ° ° ° ction allgns with goals and meets TWDB uldance
Jolly NFIP Application to join NFIP or adopt 01000009, 111302090503, 111302090504, B i Regulatory and - Clay, Nortex Regional Planning Commission, Red River " . " . "
012000004 Cl 11130209 Little Wichit 14 Ri Joll N 0 100,000 N Not Applicabl N N N N Ye Acti I ith I d ts TWDB guid.
Involvement equivalent standards 01000010 i 111302090505 trle Wichita Guidance verine o Authority of Texas, Dean, Jolly ° $100/ one ot Applicable ° ° ° ° b ction aflgns with goa’s and meets guidance
) . . . Wheeler, Panhandle Regional Planning Commission,
012000005 | MobeetieNFIP | Application to join NFIP or adopt - 01000009, Wheeler 11120302 111203020203, 111203020204 Middle North Fork | Regulatory and 09 Riverine Mobeetie | Red River Authority of Texas, Wheeler County Water No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Involvement equivalent standards 01000010 Red Guidance - :
Supply District, Mobeetie
N . Lower Prairie Dog Donley, Panhandle Regional Planning Commission, Red
012000006 Hedley NFIP Appl\cano‘n to join NFIP or adopt 01000005, Donley 11120105, 111201050401, 111202020101 Town Fork Red, Regulétory and 0.7 Riverine Hedley River Authority of Texas, Greenbelt Municipal & No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Involvement equivalent standards 01000010 11120202 Guidance N -
Lower Salt Fork Red Industrial Water Authority, Hedley
Nazareth NFIP Application to join NFIP or adopt 01000009, Regulatory and Castro, Panhandle Regional Planning Commission, Red " . . . N
012000007 Involvement equivalent standards 01000010 Castro 11120104 111201040202 Tule Guidance 03 Playa Nazareth River Authority of Texas, Nazareth No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Texhoma NFIP Application to join NFIP or adopt 01000009, 11100101, 111001010804, 111001030407, Upper Beaver, Regulatory and - Sherman, Panhandle Regional Planning Commission, . . . . .
012000008 Involvement equivalent standards 01000010 Sherman 11100103 111001030408 Coldwater Guidance 1.9 Riverine Texhoma Texhoma No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
) . . - Hall, Panhandle Regional Planning Commission, Red
012000009 | “eKeviewNFIP | Application to join NFIP or adopt | - 01000009, Hall 11120105 111201050206 Lower Praifie Dog | Regulatory and 02 Riverine Lakeview River Authority of Texas, Greenbelt Municipal & No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Involvement equivalent standards 01000010 Town Fork Red Guidance N ) .
Industrial Water Authority, Lakeview
. N . - Hall, Panhandle Regional Planning Commission, Red
Estelline NFIP Application t NFIP dopt 01000009, L P Di Regulat d
012000010 stefine plication to join WP or acop . Hall 11120105 111201050301 ower Praii Dog | Regutatory an 08 Riverine Estelline River Authority of Texas, Greenbelt Municipal & No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Involvement equivalent standards 01000010 Town Fork Red Guidance . ) .
Industrial Water Authority, Estelline
Stratford NFIP Application to join NFIP or adopt 01000009, 111001030209, 111001030403, Regulatory and - Sherman, Panhandle Regional Planning Commission, " . " . "
012000011 Sh 11100103 Coldwat: 1.8 Ri Stratford N 0 100,000 N Not Applicabl N N N N Ye Acti I ith I d ts TWDB guid.
Involvement equivalent standards 01000010 erman 111001030404 oldwater Guidance verine rattor stratford ° $100/ one ot Applicable ° ° ° ° b ction aflgns with goa’s and meets TWDB guldance
Windthorst NFIP | Application to join NFIP or adopt 01000009, ) i Regulatory and - . Clay, Archer, Nortex Regional Planning Commission, " . . . N
012000012 Involvement equivalent standards 01000010 Clay, Archer 11130209 111302090301, 111302090302 Little Wichita Guidance 23 Riverine Windthorst Red River Authority of Texas, Windthorst No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Bellevue NFIP Application to join NFIP or adopt 01000009, 11130201, Farmers-Mud, Little | Regulatory and - Clay, Nortex Regional Planning Commission, Red River . . . . .
012000013 Involvement equivalent standards 01000010 Clay 11130209 111302010203, 111302090403 Wichita Guidance 0.9 Riverine Bellevue Authority of Texas, Bellevue No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
. . . . . Oldham, Panhandle Regional Planning Commission,
012000014 Adrian NFIP | Application to join NFIP or adopt | - 0100000, Oldham 11090101 110901010703 Middle Canadian- | Regulatory and 038 Riverine and Playa Adrian Red River Authority of Texas, Llano Estacado Water No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Involvement equivalent standards 01000010 Trujillo Guidance - .
District, Adrian
. N . . Wichita, Nortex Regional Planning Commission, Red
Cashion NFIP Application t NFIP dopt 01000009, 11130102, Regulat d Cashi
012000015 ashion plication to join WP or acop : Wichita g 111301020304, 111302060501 | Blue-China, Wichita | oo -0 2" 18 Riverine ashion River Authority of Texas, Burkburnett, Cashion No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Involvement equivalent standards 01000010 11130206 Guidance Community Community
W . Collingsworth, Panhandle Regional Planning
012000016 Bodson NFIP. | Application to join NFIP or adopt | - 01000009, | ¢ nocuorn | 11130101 111301010301, 111301010303 Groesbeck-sandy | Regulatoryand 06 Riverine Dodson | Commission, Red River Authority of Texas, Greenbelt No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Involvement equivalent standards 01000010 Guidance . N N
Municipal & Industrial Water Authority, Dodson
012000017 Silverton NFIP | Application to join NFIP or adopt | 01000005, Briscoe 11130103 111301030101 North Pease Regulatory and 1.0 Playa Siverton | Briscee Panhandle Regional Planning Commission, Red No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Involvement equivalent standards 01000010 Guidance River Authority of Texas, Silverton
Floyd, South Plains Association of Governments, Red
Locki NFIP Application to join NFIP dopt 01000009, Regulat d . !
012000018 ocney plication to join WP or acop . Floyd 11130103 111301030203 North Pease eeuaiory an 02 Playa Lockney River Authority of Texas, Brazos River Authority, No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Involvement equivalent standards 01000010 Guidance Lockney
- . . Hardeman, Nortex Regional Planning Commission, Red
012000019 | Chilicothe NFIP. | Application to join NFIP or adopt - 01000009, Hardeman 11130101 111301010404 Groesbeck-sandy | Regulatoryand 10 Riverine Chillicothe River Authority of Texas, Greenbelt Municipal & No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Involvement equivalent standards 01000010 Guidance . ) -
Industrial Water Authority, Chillicothe
. . . Oldham, Panhandle Regional Planning Commission,
Vega NFIP Application to join NFIP or adopt 01000009, 11090105, 110901050101, 111201020205, Lake Meredith, Palo | Regulatory and . . ) . . . ) N
012000020 Involvement equivalent standards 01000010 Oldham 11120102 111201020206 Duro Guidance 11 Riverine Vega Red River AuthontVDr:sf('I;ie;a;,eI::no Estacado Water No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
McLean NFIP Application to join NFIP or adopt 01000009, 11120301, Upper North Fork Regulatory and - Gray, Panhandle Regional Planning Commission, Red " . " . "
012000021 G 111203010208, 111203040102 12 Ri MclLs N 0 100,000 N Not Applicabl N N N N Ye Acti I ith I d ts TWDB guid.
Involvement equivalent standards 01000010 i 11120304 . Red, EIm Fork Red Guidance verine ctean River Authority of Texas, McLean ° $100/ one ot Applicable ° ° ° ° es ction aligns with goals and meets guidance
Stinnett NFIP Application to join NFIP or adopt 01000009, . Middle Canadian- Regulatory and - . Hutchinson, Panhandle Regional Planning Commission, " . . . N
012000022 Involvement equivalent standards 01000010 Hutchinson 11090106 110901060106, 110901060108 Spring Guidance 2.0 Riverine Stinnett Red River Authority of Texas, Stinnett No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
012000023 Sanford NFIP | Application to join NFIP or adopt | 01000009, Hutchinson 11090106 110901060105 Middle Canadian- | Regulatory and 02 Riverine Sanforg | Hutehinson, Panhandie Regional Planning Commission, No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Involvement equivalent standards 01000010 Spring Guidance Red River Authority of Texas, Sanford
012000024 REERIGR || Cepl=ien @ NAPeratys | CGEEE), Lipscomb 11100203 111002030201, 111002030401 Lower Wolf EReciaad 1.0 Riverine Follett el (e ot A el ey No 0 $100,000 None Not Applicable No No No No No @ ity not i in partici
Involvement equivalent standards 01000010 Guidance Red River Authority of Texas, Follett
012000025 P]::th/oer:“’::tp AppI\c:(:ls)i:;lr;;:|:t;\l:t:::;rsadopt %11%?)%%2?)' Ochiltree 11100201 1110020;;);30120132322010301' Lower Beaver REEGUJ?::?C:M 4.4 Riverine and Playa Perryton Ochiltree, Panhandle F:’eegrlxzoalnPlanmng Commission, No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Miami NFIP Application to join NFIP or adopt 01000009, 110901060604, 110901060605, Middle Canadian- Regulatory and - S Roberts, Panhandle Regional Planning Commission, " . " . "
012000026 Robert: 11090106 18 Ri M N 0 100,000 N Not Applicabl N N N N Ye Acti I ith I d ts TWDB guid.
Involvement equivalent standards 01000010 oberts 110901060606 Spring Guidance verine amt Red River Authority of Texas, Miami ° $100/ one ot Applicable ° ° ° ° es ction aligns with goals and meets guidance
Skellyt NFIP Application to join NFIP dopt 01000009, Middle Canadian- Regulat d G Panhandle Regional Planning Ct ission, Red
012000027 lyiown plication to join WP or acop . Carson 11090106 110901060302, 110901060307 ccle tanadian- | Regulatory an 05 None Skellytown [ 10 Pannandie feglona] Planning Commission, Re No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Involvement equivalent standards 01000010 Spring Guidance River Authority of Texas, Skellytown
Claude NFIP Application to join NFIP or adopt 01000009, Upper Prairie Dog Regulatory and L Armstrong, Panhandle Regional Planning Commission, . . . ) N
012000028 |nvolvement equivalent standards 01000010 Armstrong 11120103 111201030504, 111201030505 Town Fork Red Guidance 17 Riverine and Playa Claude Red River Authority of Texas, Claude No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Motley, South Plains Association of Governments, Red
Matador NFIP Application to join NFIP dopt 01000009, Regulat d ! ’
012000029 atacor plication to join WP or acop . Motley 11130104 111301040402 Middle Pease eeuiaiory an 14 Riverine Matador River Authority of Texas, Matador Water District, No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Involvement equivalent standards 01000010 Guidance Matador
ﬁﬁgig;' Groesbeck-Sandy, Cottle, Nortex Regional Planning Commission,
Cottle County NFIP | Application to join NFIP or adopt 01000009, ' North Pease, Middle| Regulatory and - Panhandle Regional Planning Commission, Red River " . . . N
012000030 Involvement equivalent standards 01000010 Cottle ﬁﬁgig:, Pease, Pease, North Guidance 899.7 Riverine and Playa Cottle Authority of Texas, Greenbelt Municipal & Industrial No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
11130204' Wichita Water Authority, Paducah
Lower Prairie Dog . . f i
. . 11120105, Hardeman, Nortex Regional Planning Commission, Red
012000031 | Hardeman County | Application to join NFIP or adopt | - 01000009, Hardeman 11130101, - Town Fork Red, | Regulatory and 695.6 Riverine and Playa | Hardeman River Authority of Texas, Greenbelt Municipal & No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
NFIP Involvement equivalent standards 01000010 Groesbeck-Sandy, Guidance . y .
11130105 Pease Industrial Water Authority, Chillicothe, Quanah
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Canadian - Upper Red Table 17
Region 1 Feasible Flood by the RFPG
. . Flood Risk Type N Potential Funding Consideration of . N N
FMS ID FMS Name Description Associated Goals Counties HUC8s HUC12s Watershed Name Project Type Strategy Pro!ect (Riverine, Coastal, Sponsor Entities with Oversight Need N rine, Total Sources and Cost/ Structure Nature-based Solution Negative Ne‘g‘atlv'e Impact Water'supplv RFPG Recommendation Reason for Recommendation
(D) Area (sqmi) (Y/N) Noncapital Cost ($) | Strategy Cost ($) Removed Impact (Y/N) | Mitigation (Y/N) | Benefit (Y/N) (Y/N)
Urban, Playa Other) Amount (Y/N)
111302040206, 111302040301,
111302040302, 111302040303, Knox, Nortex Regional Planning Commission, South
- . 11130204, 111302040304, 111302040305, North Wichita, o e !
012000032 | "o County NFIP- | Application tojoin NFIP or adopt | - 01000009, Knox 11130205, 111302040306, 111302050204, South Wichita, & | "cEulatoryand 4210 Riverine and Playa Knox  |Piains Association of Governments, West Central Texas No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Involvement equivalent standards 01000010 L Guidance Council of Governments, Red River Authority of Texas,
11130206 111302050205, 111302050206, Wichita Brazos River Authority, Knox County WCID 1
111302050207, 111302050208, Ve ¥
111302060103
Lake Meredith,
11090105, Middle Canadian-
N . 11090106, Spring, Upper Carson, Panhandle Regional Planning Commission, Red
012000033 Carslg‘;\o?:::‘tey":lFlP Appllc:tlljz:;lz::lst;\l:t::zjrsadopt %11%?)%%290' Carson 11120103, - Prairie Dog Town REEGUJ?:Z?C:M 925.2 Riverine and Playa Carson River Authority of Texas, Palo Duro River Authority, No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
9 11120201, Fork Red, Upper Salt White Deer, Skellytown, Panhandle, Groom
11120301 Fork Red, Upper
North Fork Red
Middle Canadian-
11090106, Spring, Lower
. — . 11090201, Canadian-Deer, . . . .
012000034 | HemehillCounty | Application to join NFIP or adopt | - 01000009, Hemphill 11100203, - Lower Wolf, Middle | ReBu1atory and 914.0 Riverine and Playa |  Hemphill | HemPhilh Panhandie Regional Planning Commission, No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
NFIP Involvement equivalent standards 01000010 Guidance Red River Authority of Texas, Canadian
11120302, North Fork Red,
11130301 Washita
Headwaters
Middle Canadian-
N . 11090106, Spring, Middle Roberts, Panhandle Regional Planning Commission,
Roberts County NFIP | Application t NFIP dopt 01000009, Regulat d
012000035 [ "O°ertS FOUNY plication to join WP or acop . Roberts 11120302, - North Fork Red, | oo o an 925.4 Riverineand Playa |  Roberts | Red River Authority of Texas, Roberts County FWSD 1, No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Involvement equivalent standards 01000010 . Guidance o
11130301 Washita Miami
Headwaters
11090105, Lake Meredith, Hutchinson, Panhandle Regional Planning Commission,
Hutchinson County | Application to join NFIP or adopt 01000009, . 11090106, Middle Canadian- Regulatory and L . Red River Authority of Texas, Canadian River Municipal . . . ) N
012000036 NFIP Involvement equivalent standards 01000010 Hutchinson 11100104, - Spring, Palo Duro, Guidance 896.9 Riverine and Playa Hutchinson Water Authority, Palo Duro River Authority, Borger, No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
11100202 Upper Wolf Fritch, Sanford, Stinnett
N . . Moore, Panhandle Regional Planning Commission, Red
012000037 Moore County NFIP Appllcano‘n to join NFIP or adopt 01000005, Moore 11090105, - Lake Meredith, Palo Regulétory and 911.5 Riverine and Playa Moore River Authority of Texas, Palo Duro River Authority, No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Involvement equivalent standards 01000010 11100104 Duro Guidance )
Cactus, Dumas, Sunray, Fritch
11090101, Middle Canadian-
11090102, Trujillo, Punta de
- . 11090103, Agua, Rita Blanca, . . P
01200003 | Hortiey County NFIP'| Application to join NFIP or adopt | - 01000009, Hartley 11090104, - Carrizo, Lake | "eMlatorvand 1,466.1 Riverine and Playa |  Hartley |"12rteY, Panhandle Regional Planning Commission, Red No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Involvement equivalent standards 01000010 " Guidance River Authority of Texas, Channing, Dalhart
11090105, Meredith,
11100103, Coldwater & Palo
11100104 Duro
Upper Prairie Dog . . . .
11120103, Town Fork Red Briscoe, Panhandle Regional Planning Commission, Red
Briscoe County NFIP | Application to join NFIP or adopt 01000009, . 11120104, o Regulatory and - . River Authority of Texas, Mackenzie Municipal Water " . . . N
012000039 Involvement equivalent standards 01000010 Briscoe 11120105, E)T;Ie%;.;vr\‘/i;:a';zz Guidance 901.4 Riverine and Playa Briscoe Authority, Greenbelt Municipal & Industrial Water No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
11130103 e ! Authority, Quitaque, Silverton
North Pease
Upper Prairie Dog
11120103, Town Fork Red,
11120105, Lower Prairie Dog Donley, Panhandle Regional Planning Commission, Red
Donley County NFIP | Application to join NFIP or adopt 01000009, 11120201, Town Fork Red, Regulatory and - River Authority of Texas, Greenbelt Municipal & . . . . .
012000040 Involvement equivalent standards 01000010 Donley 11120202, Upper Salt Fork Red, Guidance 933.0 Riverine and Playa Donley Industrial Water Authority, Hedley, Clarendon, No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
11120301, Lower Salt Fork Red, Howardwick
11120304 Upper North Fork
Red, EIm Fork Red
Upper Prairie Dog
- . 11120103, Town Fork Red, : . o
012000041 | Armstrong County | Application to join NFIP or adopt | 01000009, Armstrong 11120201, - Upper Salt Fork Red,| tegulatory and 912.0 Riverine and Playa | Armstrong | S{ToNe: Panhandie Regional Planning Commission, No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
NFIP Involvement equivalent standards 01000010 Guidance Red River Authority of Texas, Claude
11120301 Upper North Fork
Red
11090101, Middle Canadian-
. - . ! - N Deaf Smith, Panhandle Regional Planning Commission,
012000042 Deaf Smith County Appllcano‘n to join NFIP or adopt 01000005, Deaf Smith 11120101, - Trujilo Tierra Regulétory and 1,497.9 Riverine and Playa Deaf Smith Red River Authority of Texas, Llano Estacado Water No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
NFIP Involvement equivalent standards 01000010 11120102, Blanca, Palo Duro, Guidance o .
District, Deaf Smith County FWSD 1, Hereford
11120104 Tule
Lower Salt Fork Red,
ﬁggggi' Upper North Fork Wheeler, Panhandle Regional Planning Commission,
012000043 | \Wheeler County | Application to join NFIP or adopt - 01000009, Wheeler 11120302, - Red, Middle North | Regulatory and 9160 Riverine and Playa |  Wheeler | "o River Authority of Texas, Wheeler County Water No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
NFIP Involvement equivalent standards 01000010 11120304, Fork Red, Elm Fork Guidance Supply District, Greenbelt Municipal & Industrial Water
' Red, Washita Authority, Mobeetie, Shamrock, Wheeler
11130301
Headwaters
N . 11100101, Upper Beaver, Sherman, Panhandle Regional Planning Commission,
Sh Count: Application t NFIP dopt 01000009, Regulat d
012000044 erman county | Application 1o join NiP or adop . Sherman 11100103, - Coldwater, Palo | o rorY &N 926.1 Riverine and Playa | Sherman Red River Authority of Texas, Palo Duro River No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
NFIP Involvement equivalent standards 01000010 Guidance )
11100104 Duro Authority, Cactus, Stratford, Texhoma
o P et
Dallam County NFIP | Application to join NFIP or adopt 01000009, 11090104, 4 ' Regulatory and L Dallam, Panhandle Regional Planning Commission, Red . . . ) N
012000045 Involvement equivalent standards 01000010 Dallam 11100101, - cli;:;;raf;avpearl,o Guidance 1,510.5 Riverine and Playa Dallam River Authority of Texas, Dalhart, Texline No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
11100103, Dum’
11100104
11090106, M'Sdpdr'iigal_"o i‘j:”
N N . 11090201, > Lipscomb, Panhandle Regional Planning Commission,
Li b Count: Application t NFIP dopt 01000009, - Regulat d
012000046 | Pecom> EOUNTY | Application to Join HEP o acop ' Lipscomb 11100201, - Canadian-Deer, | Regulatory an 9363 Riverine and Playa |  Lipscomb Red River Authority of Texas, Follett, Darrouzett, No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
NFIP Involvement equivalent standards 01000010 Lower Beaver, Guidance oo
11100202, Upper Wolf, Lower Higgins, Booker
11100203 Wolf
11090106, Middle Canadian-
. N . 11100102, Spring, Middle Ochiltree, Panhandle Regional Planning Commission,
012000047 | Ochiltree County | Application to join NFIP or adopt | 01000005, Ochiltree 11100104, - Beaver, Palo Duro, | (cEuIatory and 9225 Riverineand Playa |  Ochiltree Red River Authority of Texas, Palo Duro River No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
NFIP Involvement equivalent standards 01000010 Guidance By
11100201, Lower Beaver, Authority, Booker, Perryton
11100202 Upper Wolf
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Canadian - Upper Red Table 17
Region 1 Feasible Flood by the RFPG
. . Flood Risk Type N Potential Funding Consideration of . N N
FMS ID FMS Name Description Associated Goals Counties HUC8s HUC12s Watershed Name Project Type Strategy Pro!ect (Riverine, Coastal, Sponsor Entities with Oversight Need N rine, Total Sources and Cost/ Structure Nature-based Solution Negative Ne‘g‘atlv'e Impact Water'supplv RFPG Recommendation Reason for Recommendation
(D) Area (sqmi) (Y/N) Noncapital Cost ($) | Strategy Cost ($) Removed Impact (Y/N) | Mitigation (Y/N) | Benefit (Y/N) (Y/N)
Urban, Playa Other) Amount (Y/N)
Panhandle
Region-Wide Turn " . .
012000048 Around/Don't Educate PUbhc onTurn 01000005, - - - - Education and 34,626.1 Riverine and Playa Reglm.wal Panhandle Regional Planning Commission No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Drown Around/Don’t Drown program 01000006 Outreach Planning
Commission
Panhandle
012000049 REEIZZZ\:;?E:S“MC Educate public on flood safety %11%%%?)%2' - - - - Edgzatt:z:c:nd 34,626.1 Riverine and Playa :E‘gr::?:gl Panhandle Regional Planning Commission No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Commission
Update stormwater criteria 110901050308, 110901050309, Lake Meredith,
City of Amarillo baied on recommendations 01000003, Potter. 11090105, 110901050402, 111201030101, Upper Prairie Dog Regulatory and Randall Potter, Randall, Panhandle Regional Planning
012000050 Update identified in the 2019 Drainage 01000004' Randal’l 11120103, 111201030102, 111201030106, Town Fork Red, gGuidanyce 101.6 Riverine and Playa Amarillt; Commission, Red River Authority of Texas, Canadian No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Stormwater Criteria Master Plan 8 11120301 111201030107, 111203010101, Upper North Fork River Municipal Water Authority, Amarillo
111203010102 Red
110901050308, 110901050309, Lake Meredith,
City of Amarillo Address sustainable playa 01000003, Potter, 11090105, 110901050402, 111201030101, Upper Prairie Dog Regulatory and Randall Potter, Randall, Panhandle Regional Planning
012000051 Develop Criteria for development; establish 01000004’ Randal’l 11120103, 111201030102, 111201030106, Town Fork Red, iuidan\::e 101.6 Riverine and Playa Amarillv; Commission, Red River Authority of Texas, Canadian No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Playa Development modelling standard 11120301 111201030107, 111203010101, Upper North Fork River Municipal Water Authority, Amarillo
111203010102 Red
110901050308, 110901050309, Lake Meredith,
City of Amarillo 01000001, Potter, 11090105, 110901050402, 111201030101, Upper Prairie Dog Flood o Randall, Pot.te‘r, Randall,.Panhandle»Reglonal Planmng. . ) . ) A
012000052 Gages for Playas Install gages on playa lakes 01000002 Randall 11120103, 111201030102, 111201030106, Town Fork Red, |Measurement and 101.6 Riverine and Playa Amarillo Commission, Red River Authority of Texas, Canadian No 0 $250,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
8 ¥ 11120301 111201030107, 111203010101, Upper North Fork Warning River Municipal Water Authority, Amarillo
111203010102 Red
110901050308, 110901050309, Lake Meredith,
City of Amarillo |mplement flood warning system 01000005, Potter, 11090105, 110901050402, 111201030101, Upper Prairie Dog Flood Randall Potter, Randall, Panhandle Regional Planning
012000053 Flood Warning pin the north side of tgov\‘/ln 0100000é Randal’l 11120103, 111201030102, 111201030106, Town Fork Red, |Measurement and 101.6 Riverine and Playa Amarillv; Commission, Red River Authority of Texas, Canadian No 0 $250,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
System 11120301 111201030107, 111203010101, Upper North Fork Warning River Municipal Water Authority, Amarillo
111203010102 Red
Perform stormwater utility rate
City of Canyon evaluation and implement a :
11120101, Tierra Blanca, Palo
Establish stormwater utility fee to create a 01000011, ’ 111201010609, 111201020303, - Regulatory and - Randall, Randall, Panhandle Regional Planning Commission, . . . . .
012000054 Stormwater Utility dedicated funding source for 01000012 Randall 11120102, 111201020304, 111201030101 Duro, Upper Prairie Guidance 7.1 Riverine and Playa Canyon Red River Authority of Texas, Canyon No 0 $200,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
. 11120103 Dog Town Fork Red
Fee stormwater projects and storm
sewer maintenance
City of Canyon Develop a program to identify . Property
. " . 11120101, Tierra Blanca, Palo . : " i
012000055 | Acauire, Buyout, and and either acquire (buy 01000003, Randall 11120102, 111201010609, 111201020303, Duro, Upper Prairie | Acuisition and 71 Riverine and Playa Randall, Randall, Panhandle Regional Planning Commission, No 0 $6,000,000 None $250,000 No No No No Yes Action aligns with goals and meets TWDB guidance
Flood-Proofing out/relocate) or elevate 01000004 111201020304, 111201030101 Structural Canyon Red River Authority of Texas, Canyon
. . 11120103 Dog Town Fork Red .
Program structures in the floodplain Elevation
y Install flood warning gages to 11120101, Tierra Blanca, Palo Flood . . .
012000056 City of C‘anyon Flood protect Canyon citizens 01000005, Randall 11120102, 111201010609, 111201020303, Duro, Upper Prairie | Measurement and 7.1 Riverine and Playa Randall, Randall, Panhandle Regl.onal Planning Commission, No 0 $250,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Warning Gages . 01000006 111201020304, 111201030101 . Canyon Red River Authority of Texas, Canyon
and downstream communities 11120103 Dog Town Fork Red Warning
City of Canyon 11120101, Tierra Blanca, Palo . . .
012000057 | Stream and Culvert | "c"TorM stream and culvert 01000005, Randall 11120102, 111201010605, 111201020303, Duro, Upper Prairie Other 71 Riverine and Playa Randall, Randall, Panhandle Regional Planning Commission, No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
. maintenance 01000006 111201020304, 111201030101 Canyon Red River Authority of Texas, Canyon
Maintenance 11120103 Dog Town Fork Red
Ciyorcamon | Eeeisnrins
Floodplain 11120101, Tierra Blanca, Palo . . .
) as necessary to implement 01000009, 111201010609, 111201020303, L Regulatory and - Randall, Randall, Panhandle Regional Planning Commission, . . . . .
012000058 Regulétlon and protective floodplain 01000010 Randall 11120102, 111201020304, 111201030101 Duro, Upper Prairie Guidance 7.1 Riverine and Playa Canyon Red River Authority of Texas, Canyon No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Higher 11120103 Dog Town Fork Red
management standards and
Standards (CRS) h T
consider CRS participation
City of Canyon Barrier installation keeps the .
. ) . ) 11120101, Tierra Blanca, Palo . . .
012000059 | Mstallation of LWC | public from entering high- 01000005, Randall 11120102, 111201010605, 111201020303, Duro, Upper Prairie | MTastructure 71 Riverine and Playa Randall, Randall, Panhandle Regional Planning Commission, No 0 $1,000,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Gates on Flood- water areas during flooding 01000006 111201020304, 111201030101 Projects Canyon Red River Authority of Texas, Canyon
11120103 Dog Town Fork Red
Prone Roadways events.
Clay, Wichita, Wilbarger, Baylor, Archer, Nortex
11130102, Regional Planning Cq ission, Red River Authority of
Wichita County | Update subdivision ordiance for | - 55500, 11130206, Blue-China, Wichita, | g0 atory and Texes, Arche County MUD 3, Wicita Courty Water
012000060 Ordinance enhanced consideration for ' Wichita ! - Southern Beaver & 8 . v 617.3 Riverine and Playa Wichita . s ¢ ' v No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
D . 01000002 11130207, Little Wichita Guidance Improvement District 2, Burkburnett, Electra, Pleasant
rmer 11130209 Valley, lowa Park, Wichita Falls, Cashion Community,
Lakeside City
Channing NFIP Application to join NFIP or adopt 01000009, 11090105, Lake Meredith Regulatory and Channing, Hartley, Panhandle Regional Planning
012000062 Involvement equivalent standards 01000010 Hartley 11090102 110901050104, 110901020702 Punta de Agua Guidance 1.0 Riverine Channing Commission, Red River Authority of Texas No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Region-Wide
Initiative to Increase
Communities with N .
: . Provide resources and assistance Panhandle
Dedicated Funding for communities looking to 01000011, Regulatory and Regional
012000063 Sources for . . 8 ’ - - - - 8 . v 34,626.1 Riverine and Playa 8 . Panhandle Regional Planning Commission No 0 $100,000 None Not Applicable No No No No Yes Action aligns with goals and meets TWDB guidance
Operations & developing funding sources for 01000012 Guidance Planning
’.J drainage Commission
Maintenance of
Storm Drainage
System
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Map 19 - Recommended Flood Management Evaluations
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Map 20 - Recommended Flood Mitigation Projects
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Map 21 - Recommended Flood Management Strategies
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TECHNICAL
FREESE
MEMORANDUM .’I *NICHOLS

801 Cherry Street, Suite 2800 + Fort Worth, Texas 76102 + 817-735-7300 + FAX 817-735-7491 www.freese.com

TO:

Region 1 Canadian-Upper Red Regional Flood Planning Group

FROM: Scott Hubley, PE, CFM

SUBJECT: T Anchor Playa Excavation and Storm Drain Improvements —

FMP Evaluation

PROJECT: Canadian-Upper Red Regional Flood Plan

(FNI Proj. No. PPC21323)

DATE: April 8, 2022
CC: David Dunn — HDR Engineering, Inc., Kyle Schniederjan — City
of Amarillo
PROJECT OVERVIEW

Halff Associates prepared the Tee Anchor Lake Drainage Master Plan for the City of Amarillo in August 2014.
Tee Anchor (also, and from here forth, “T Anchor”) Lake is a series of five interconnected playas located in
central Amarillo. The lake is bordered to the south by Interstate Highway 40, to the west by Ross Street, and to
the north and east by Southeast 10" Avenue/T Anchor Boulevard. A location map is included as Figure 1.

The master plan evaluated the T Anchor Lake watershed and recommended Capital Improvement Project (CIP)
alternatives to alleviate flood hazards. The recommended improvements for this watershed included a four-
phase series of playa excavation projects entailing 1.6 million cubic yards of excavation and the relocation of
one pump station to provide 100-year flood protection to surrounding homes and businesses. The master plan
also recommended improvements to two closed storm systems along Ross-Osage St and the SE 10'" Ave
corridor that outfall into the lake to improve drainage in these two areas, which experience repeated and
severe flooding.

In April 2019, the City of Amarillo commissioned a City-wide Drainage Utility Master Plan, also executed by
Halff Associates. The master plan included a 5-year CIP plan comprised of the City’s top 9 highest ranking

projects. The Tee Anchor improvements were included on this prioritized list, as presented in Table 1.

Table 1: Tee Anchor CIP Project Ranking

Project Name Project Type CIP Rank
T Anchor — Ross-Osage Street Storm Sewer Lines 7
T Anchor — SE 10" Avenue Storm Sewer Lines 8

T Anchor — Playa Excavation (Phases 1-1V) Playa Lake 9




Figure 1: T Anchor Lake Vicinity Map
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The T Anchor projects have been rolled into one Flood Mitigation Project (FMP) for the purpose of inclusion in
the 2023 Regional Flood Plan (RFP) for the Canadian-Upper Red Flood Planning Region (Region 1). For
consideration as an FMP, a project must be defined in a sufficient level of detail to meet the technical
requirements of the flood planning project Scope of Work and the associated Technical Guidelines developed
by the Texas Water Development Board (TWDB).

As the technical consultant for Region 1, Freese and Nichols (FNI) used the information developed during the
previous evaluations of this watershed as a basis for developing the supporting technical details for inclusion
in the RFP. This included:

1. Developing flood risk indicator information for the area and evaluating impacts to the flood hazard
area boundary due to project implementation.

2. Updating construction cost estimates and estimates of project benefits to perform a benefit-cost
analysis (BCA).

3. Evaluating a series of hydrologic and hydraulic criteria in order to certify that the project causes no
adverse impacts on adjacent or downstream properties.

The following sections outline the methodology and results of the technical analysis.

FLOOD RISK INDICATORS

The flood planning process looks at several flood risk indicators to evaluate the flood risk reduction benefit of
an FMP. This is largely a GIS-based exercise that documents anticipated benefits by calculating:

e Reduction in habitable, equivalent living units flood risk

e Reduction in residential population flood risk

e Reduction in critical facilities flood risk

e Reduction in road closure occurrences

e Reduction in acres of active farmland and ranchland flood risk

e Estimated reduction in fatalities, when available

e Estimated reduction in injuries, when available

e Reduction in expected annual damages from residential, commercial, and public property

e Other benefits as deemed relevant by the RFPG including environmental benefits and other public
benefits

These estimated benefits were determined from geospatial data by defining a project service area (FMP
feature class) and developing a proposed, post-project flood hazard area (FMP_HazPost). Once these features
were defined, the existing and proposed flood exposure for the project service area was quantified by
intersecting the flood hazard area boundaries with various sets of features, such as buildings and roads.
Existing and proposed conditions were then compared to calculate the reduction of flood risk achieved by
implementation of the FMP. Existing information from the master plan report was used where possible to
populate analogous fields.

A summary of this information will be presented in the RFP as Table 13: Potentially feasible flood mitigation
projects identified by RFPG. An excerpt of this table for the T Anchor FMP is provided as Appendix A.



BENEFIT-COST ANALYSIS (BCA)

The 2014 master plan included planning level cost estimates for the project. These costs were presented in
2014 USD (S). FNI used the Consumer Cost Index (CCl) values to escalate the total cost of the project to
September 2020 S, as required by the Technical Guidelines. FNI also confirmed that the cost estimates
included all the required line items and cost considerations for FMPs outlined in Table 22 of the Technical
Guidelines. The original costs associated with the project and the revised costs used in the BCA are presented
in Table 2. Individual opinions of probable construction cost (OPCC) are included as Appendix B.

Table 2: Summary of Project Costs

Project Name Cost (2014 $) Cost (2020 $)
Playa Excavation — Phase | S6.8 M S7.9M
Playa Excavation — Phase Il S3.9M S4.6 M
Playa Excavation — Phase IlI $6.4 M S7.5M
Playa Excavation — Phase IV $3.1M $3.7M
Storm Drain Improvements — SE 10" Ave $4.1 M $4.8 M
Storm Drain Improvements — Ross-Osage St $2.4 M $2.8 M
Total $26.7 M $313 M

The 2014 master plan also included a determination of damages associated with the 100-year (1% annual
chance) flood inundation depths at the surrounding structures. This analysis used standard FEMA flood
damage curves and the calculated depth of flooding at each structure to estimate the damages. A detailed
description of this evaluation is included in Section 5.3 of the report.

The existing conditions analysis performed in 2014 identified 407 structures in the floodplain. Using 2013
Potter-Randall County Appraisal District (PRAD) appraisal values for each structure, the estimated damages
associated with the level of inundation for the 100-year event equated to $46.4 million. FNI used House Price
Index data for Amarillo published by the Federal Housing Finance Agency (FHFA) to escalate these damage
estimates to a 2020 value of $57.2 million. After implementation of the playa excavation components, only 10
structures remained in the 100-year floodplain, and estimated damages are reduced by 94%, providing a
benefit of $53.6 million.

Damages due to flooded roadways are not classified with a structural damage value in the report. The system
was modeled as a 1D closed pipe system, so inundation depth rasters are not available to make a system-wide
determination. However, a summary of ponding depths at critical locations was included, and an excerpt is
provided as Table 3.



Table 3: Storm Drain Project Benefits

Existing Inundation

Inundation with Proposed

Project

SE 10*" Ave 2-yr: 4.1 ft of ponding at the 2-yr: No ponding at the 2-yr:-4.1 ft
underpass. underpass.
100-yr: 12.8 ft of ponding at 100-yr: 5.6 ft of ponding at the = 100-yr: -7.2 ft
the underpass. Street flooding  underpass. 2-yr flows on 10"
on 10™ Ave east of Ross St. Ave contained east of Ross St.

Ross-Osage St | 2-yr: 1.0 ft of ponding at Ross 2-yr: No ponding at Ross St 2-yr:-1.0 ft
St north of SE 22" Ave. north of SE 22" Ave.
100-yr: 1.4 ft of ponding at
Ross St north of SE 22" Ave. 100-yr: 1.3 ft of ponding at 100-yr: -0.1 ft

Ross St north of SE 22" Ave.

Qualitatively, both storm drain projects address areas of flooding that have historically been locations of high-
water rescues and at least one instance of loss of life. The report also recommended that:

“a higher priority be placed on upgrading the storm sewer system as this will provide an immediate
improvement in the level of service of the City’s streets during a rainfall event. Increased capacity in
the storm sewer system will be immediately recognized by the public as they will be able to travel
along routes that were previously impassable during most rainfall events.”

Even without quantifying the benefit for the storm drain improvements, the T Anchor FMP demonstrates a
favorable benefit-cost ratio. The summary of the benefit-cost analysis is presented in Table 4. The final BCA
was calculated to be 1.7, and it is certain that this number would be even higher if the benefits due to the
reduced road flooding were discretely evaluated.

Table 4: Benefit Cost Ratio of Project Components

Project Name Cost (2020 $) Benefit (2020 S) BCR
Playa Excavation — all phases $23.7M $53.6 M 2.3
Storm Drain Improvements — SE 10" Ave* S4.8 M S--M -
Storm Drain Improvements — Ross-Osage St* S2.8 M S--M ---
Total $31.3 M $53.6 M 1.7

*Project benefits have not been quantified in a dollar amount.

NO NEGATIVE IMPACT ANALYSIS

Each identified FMS and FMP must demonstrate that there would be no negative impacts on a neighboring
area due to its implementation. No negative impact means that a project will not increase flood risk of
surrounding properties. Using best available data, the increase in flood risk must be measured by the 100-year



(1 percent annual chance event) water surface elevation and peak discharge. It is recommended that no rise in
water surface elevation or discharge should be permissible, and that the analysis extent must be vast enough
to prove proposed project conditions are equal to or less than the existing conditions.

For the purposes of this flood planning effort, a determination of no negative impact can be established if
stormwater does not increase inundation of infrastructure such as residential and commercial buildings and
structures. Additionally, all of the following requirements, per TWDB Technical Guidelines, should be met to
establish no negative impact, as applicable:

1. Stormwater does not increase inundation in areas beyond the public right-of-way, project property, or
easement

2. Stormwater does not increase inundation of storm drainage networks, channels, and roadways
beyond design capacity

3. Maximum increase of 1D Water Surface Elevation must round to 0.0 feet (<0.05 ft) measured along
the hydraulic cross-section

4. Maximum increase of 2D Water Surface Elevations must round to 0.3 feet (<0.35 ft) measured at each
computation cell

5. Maximum increase in hydrologic peak discharge must be <0.5 percent measured at computation
nodes (sub-basins, junctions, reaches, reservoirs, etc.). This discharge restriction does not apply to a
2D overland analysis

The 2014 master plan report should be referred to for a detailed description of the engineering analysis
performed to develop these project alternatives and an evaluation of the proposed impacts. However, while
the report presents a series of conceptual alternatives, no official certification of no negative impact is
provided. FNI has evaluated the recommended projects in consideration of the requirements outlined in the
Technical Guidelines and presents the following conclusions:

1. Inundation and water surface evaluation - The 100-year playa level is reduced from 3617.3 feet
(NAVDS88) under existing conditions to 3614 feet after completion of the playa excavation project. A
total of 397 properties are removed from the floodplain. Acquisition of additional right-of-way is
proposed as part of Phase Ill and IV to expand the footprint of the lake and add storage volume.
Increases in depth are contained within the proposed limits of excavation.

With respect to the storm drain improvements, ponding depths in the street are reduced throughout
the system. A summary of ponding at key locations is summarized in the Benefit-Cost Analysis.
Therefore, FNI concludes that the project concept demonstrates an overall decrease in water surface
elevations and inundation throughout the system and adherence to the intent of the technical criteria
listed in points 1, 2, 3, and 4.

2. Peak discharge evaluation — The lake serves as the ultimate outfall for the Ross-Osage St and SE 10"
Ave systems. While peak discharges from the storm drain systems increase due to the substantial
increase in conveyance, the playa is a storage-based system, meaning that the water surface elevation
is based on the total volume of water entering the system, rather than timing. As a result, the increase



in peaks is not expected to cause an adverse flood impact on surrounding properties since the lake is
designed with sufficient storage volume.

The playa is drained by a pump station that ultimately discharges into an existing gravity storm sewer
system. However, the pump station does not operate during a storm event, and as a result, no
downstream impacts from changes to the playa stage-storage relationship or relocation of the pump
station are anticipated. Consequently, FNI concludes that the project concept adheres to the intent of
the technical criteria listed in point 5.

Models that are used to evaluate hydrologic and hydraulic impacts at the planning level undergo multiple
revisions as projects proceed through design and construction. At this stage, FNI concludes that the T Anchor
project meets all requirements to demonstrate no adverse impacts. FNI has assessed the reasonableness of
the proposed project and does not anticipate potential future issues related to flood impacts. Nevertheless, it
is anticipated that impacts will be periodically evaluated, and any negative impacts will be addressed, as part
of the design process.

While this preliminary determination of no adverse impacts is suitable to recommended inclusion of the T
Anchor project in the RFP, FNI makes no guarantee of project performance, and it is the responsibility of the
design engineer to ensure that no adverse impacts criteria are met. As an additional consideration, the City’s
Flood Damage Prevention Ordinance will apply, which prohibits increased flooding on insurable structures.
The project area is part of the regulatory floodplain Zone AE and therefore will require coordination with
FEMA.



2023 REGIONAL FLOOD PLAN PANHANDLE REGIONAL PLANNING COMMISSION | TEXAS WATER DEVELOPMENT BOARD

OPINION OF PROBABLE CONSTRUCTION COST

FMP ID 01000001 SPONSOR ID 010000001
FMP NAME TEE ANCHOR EXCAVATION - PHASE | SPONSOR NAME CITY OF AMARILLO
REPORT NAME TEE ANCHOR LAKE DRAINAGE MASTER PLAN INITIAL ESTIMATE YEAR 2014

INITIAL ESTIMATE CREATED B REVISED ESTIMATE CREATED BY: REVISED ESTIMATE CHECKED BY:
HALFF ASSOCIATES FREESE & NICHOLS, INC. HDR ENGINEERING, INC.

ITEM DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL

CONSTRUCTION LINE ITEMS

1 [CONSTRUCTION STAKING 1]LS $ 5,000 | $ 5,000
2 |CARE OF WATER 1|LS S 10,000 | $ 10,000
3 |SWPPP IMPLEMENTATION AND EROSION CONTROL 1|LS S 15,000 | $ 15,000
4 |SITE PREPARATION AND MOBILIZATION 1|LS S 25,000 | $ 25,000
5 |TEMPORARY CONSTRUCTION ENTRANCE 1|EA $ 3,600 | $ 3,600
6 UNCLASSIFIED EXCAVATION 572400|CY S 91($ 5,151,600
7 BROADCAST SEED - NATIVE MIX MULCH 18|AC S 1,500 | $ 27,000
8 [COMPOST TOPSOIL (4") 9841|CY S 40 | $ 393,640

SUBTOTAL (2014 COSTS) S 5,630,840

CONTINGENCY 15% S 844,630

LAND ACQUISITION LS S
ENGINEERING, DESIGN,

PERMITTING, FEMA

SUBMITTALS 300,000
SUBTOTAL 6,775,470
COST ESCALATION FACTOR 1,151,830

PROJECT TOTAL ( COSTS)
RECURRING COSTS
Debt Service Total (add interest rate % and term years ) S
Operations & Maintenance Total (30-year project life ) S
L RECURRING TOT S
$

L (2020 COSTS)

Opinions of probable costs have been developed in accordance with the Rules and Technical Guidelines governing Flood Planning provided by the TWDB. The Engineer has no control over the cost of labor, materials, equipment,
or over the Contractor's methods of determining prices or over competitive bidding or market conditions. Opinions of probable costs provided herein are based on the information known to Engineer at this time and represent
only the Engineer's judgment as a design professional familiar with the construction industry. The Engineer cannot and does not guarantee that proposals, bids, or actual construction costs will not vary from its opinions of
probable costs.
NOTES:
1 Unit costs for construction line items includes subsidiary costs associated with installation, performance testing, inspection, etc.; interest during construction
assumed to be incurred by contractor and reflected in unit costs.

2 Project does not have any costs associated with land acquisition, mitigation, utility relocation, buyouts or property elevations.
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2023 REGIONAL FLOOD PLAN PANHANDLE REGIONAL PLANNING COMMISSION | TEXAS WATER DEVELOPMENT BOARD

OPINION OF PROBABLE CONSTRUCTION COST

FMP ID 01000002 SPONSOR ID 010000001
FMP NAME TEE ANCHOR EXCAVATION - PHASE Il SPONSOR NAME CITY OF AMARILLO
REPORT NAME TEE ANCHOR LAKE DRAINAGE MASTER PLAN INITIAL ESTIMATE YEAR 2014

INITIAL ESTIMATE CREATED B REVISED ESTIMATE CREATED BY: REVISED ESTIMATE CHECKED BY:
HALFF ASSOCIATES FREESE & NICHOLS, INC. HDR ENGINEERING, INC.

ITEM DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL

CONSTRUCTION LINE ITEMS

1 [CONSTRUCTION STAKING 1]LS $ 5,000 | $ 5,000
2 |CARE OF WATER 1|LS S 10,000 | $ 10,000
3 |SWPPP IMPLEMENTATION AND EROSION CONTROL 1|LS S 15,000 | $ 15,000
4 |SITE PREPARATION AND MOBILIZATION 1|LS S 25,000 | $ 25,000
5 |TEMPORARY CONSTRUCTION ENTRANCE 1|EA $ 3,600 | $ 3,600
6 UNCLASSIFIED EXCAVATION 314900|CY S 91($ 2,834,100
7 BROADCAST SEED - NATIVE MIX MULCH 12|AC S 1,500 | $ 18,000
8 [COMPOST TOPSOIL (4") 6351|CY S 40 | $ 254,040

SUBTOTAL (2014 COSTS) S 3,164,740

CONTINGENCY 15% S 474,720

LAND ACQUISITION LS S
ENGINEERING, DESIGN,

PERMITTING, FEMA

SUBMITTALS 300,000
SUBTOTAL 3,939,460
COST ESCALATION FACTOR 669,708

PROJECT TOTAL ( COSTS)
RECURRING COSTS
Debt Service Total (add interest rate % and term years ) S
Operations & Maintenance Total (30-year project life ) S
L RECURRING TOT S
$

4,609,168

L (2020 COSTS)

Opinions of probable costs have been developed in accordance with the Rules and Technical Guidelines governing Flood Planning provided by the TWDB. The Engineer has no control over the cost of labor, materials, equipment,
or over the Contractor's methods of determining prices or over competitive bidding or market conditions. Opinions of probable costs provided herein are based on the information known to Engineer at this time and represent
only the Engineer's judgment as a design professional familiar with the construction industry. The Engineer cannot and does not guarantee that proposals, bids, or actual construction costs will not vary from its opinions of
probable costs.
NOTES:
1 Unit costs for construction line items includes subsidiary costs associated with installation, performance testing, inspection, etc.; interest during construction
assumed to be incurred by contractor and reflected in unit costs.

2 Project does not have any costs associated with land acquisition, mitigation, utility relocation, buyouts or property elevations.
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2023 REGIONAL FLOOD PLAN PANHANDLE REGIONAL PLANNING COMMISSION | TEXAS WATER DEVELOPMENT BOARD

OPINION OF PROBABLE CONSTRUCTION COST

FMP ID 01000003 SPONSOR ID 010000001
FMP NAME TEE ANCHOR EXCAVATION - PHASE IlI SPONSOR NAME CITY OF AMARILLO
REPORT NAME TEE ANCHOR LAKE DRAINAGE MASTER PLAN INITIAL ESTIMATE YEAR 2014

INITIAL ESTIMATE CREATED B REVISED ESTIMATE CREATED BY: REVISED ESTIMATE CHECKED BY:
HALFF ASSOCIATES FREESE & NICHOLS, INC. HDR ENGINEERING, INC.

ITEM DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL

CONSTRUCTION LINE ITEMS
1 CONSTRUCTION STAKING 1[LS S 5,000 | $ 5,000
2 |CARE OF WATER 1|LS S 10,000 | $ 10,000
3 SWPPP IMPLEMENTATION AND EROSION CONTROL 1{LS S 15,000 | $ 15,000
4 SITE PREPARATION AND MOBILIZATION 1{LS S 25,000 | $ 25,000
5 TEMPORARY CONSTRUCTION ENTRANCE 1|EA S 3,600 | S 3,600
6 UNCLASSIFIED EXCAVATION 498500(CY S 91s$ 4,486,500
7 BROADCAST SEED - NATIVE MIX MULCH 19]|AC S 1,500 | $ 28,500
8 [COMPOST TOPSOIL (4") 10481(CY S 40 | S 419,240
9 RIPRAP PROTECTION 1245|CY S 125 (S 155,625
SUBTOTAL (2014 COSTS) S 5,148,470
CONTINGENCY 15% S 772,280
LAND ACQUISITION LS S 102,700
ENGINEERING, DESIGN,
PERMITTING, FEMA
SUBMITTALS 380,000
SUBTOTAL 6,403,450
COST ESCALATION FACTOR 1,088,587
PROJECT TOTAL (2020 COSTS) 7,492,037
RECURRING COSTS
Debt Service Total (add interest rate % and term years ) S -
Operations & Maintenance Total (30-year project life ) S
ANNUAL RECURRING TOTAL (2020 COSTS) S
TOTAL (2020 COSTS) $

Opinions of probable costs have been developed in accordance with the Rules and Technical Guidelines governing Flood Planning provided by the TWDB. The Engineer has no control over the cost of labor, materials, equipment,
or over the Contractor's methods of determining prices or over competitive bidding or market conditions. Opinions of probable costs provided herein are based on the information known to Engineer at this time and represent
only the Engineer's judgment as a design professional familiar with the construction industry. The Engineer cannot and does not guarantee that proposals, bids, or actual construction costs will not vary from its opinions of
probable costs.

NOTES:
1 Unit costs for construction line items includes subsidiary costs associated with installation, performance testing, inspection, etc.; interest during construction
assumed to be incurred by contractor and reflected in unit costs.

2 Project does not have any costs associated with mitigation, utility relocation, buyouts or property elevations.
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2023 REGIONAL FLOOD PLAN PANHANDLE REGIONAL PLANNING COMMISSION | TEXAS WATER DEVELOPMENT BOARD

OPINION OF PROBABLE CONSTRUCTION COST

FMP ID 01000004 SPONSOR ID 010000001
FMP NAME TEE ANCHOR EXCAVATION - PHASE IV SPONSOR NAME CITY OF AMARILLO
REPORT NAME TEE ANCHOR LAKE DRAINAGE MASTER PLAN INITIAL ESTIMATE YEAR 2014

INITIAL ESTIMATE CREATED B REVISED ESTIMATE CREATED BY: REVISED ESTIMATE CHECKED BY:
HALFF ASSOCIATES FREESE & NICHOLS, INC. HDR ENGINEERING, INC.

ITEM DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL

CONSTRUCTION LINE ITEMS

1 [CONSTRUCTION STAKING 1]LS $ 5,000 | $ 5,000
2 |CARE OF WATER 1|LS S 10,000 | $ 10,000
3 |SWPPP IMPLEMENTATION AND EROSION CONTROL 1|LS S 15,000 | $ 15,000
4 |SITE PREPARATION AND MOBILIZATION 1|LS S 25,000 | $ 25,000
5 |TEMPORARY CONSTRUCTION ENTRANCE 3[EA S 3,600 | $ 10,800
6 UNCLASSIFIED EXCAVATION 202100|CY S 91($ 1,818,900
7 BROADCAST SEED - NATIVE MIX MULCH 3[AC S 1,500 | $ 4,500
8 [COMPOST TOPSOIL (4") 1450|CY S 40 | $ 58,000
9 RIPRAP PROTECTION 160|CY S 125 | $ 20,000
10 [CONCRETE WET WELL (INCL. EXCAVATION AND BACKFILL) 1|LS S 70,000 | $ 70,000
11 |NEW PUMP, VALVES, PIPE, POWER & CONTROLS 1|LS S 180,000 | $ 180,000

SUBTOTAL (2014 COSTS) S 2,217,200

CONTINGENCY 15% S 332,580

LAND ACQUISITION LS S 102,700
ENGINEERING, DESIGN,

PERMITTING, FEMA

SUBMITTALS 480,000
SUBTOTAL 3,132,480
COST ESCALATION FACTOR 532,522

PROJECT TOTAL (2020 COSTS) 3,665,002

RECURRING COSTS

Debt Service Total (add interest rate % and term years ) S

Operations & Maintenance Total (30-year project life ) S

ANNUAL RECURRING TOTAL S
$

TOTAL (2020 COSTS)

Opinions of probable costs have been developed in accordance with the Rules and Technical Guidelines governing Flood Planning provided by the TWDB. The Engineer has no control over the cost of labor, materials, equipment,
or over the Contractor's methods of determining prices or over competitive bidding or market conditions. Opinions of probable costs provided herein are based on the information known to Engineer at this time and represent
only the Engineer's judgment as a design professional familiar with the construction industry. The Engineer cannot and does not guarantee that proposals, bids, or actual construction costs will not vary from its opinions of
probable costs.
NOTES:
1 Unit costs for construction line items includes subsidiary costs associated with installation, performance testing, inspection, etc.; interest during construction
assumed to be incurred by contractor and reflected in unit costs.

2 Project does not have any costs associated with mitigation, utility relocation, buyouts or property elevations.
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2023 REGIONAL FLOOD PLAN PANHANDLE REGIONAL PLANNING COMMISSION | TEXAS WATER DEVELOPMENT BOARD

OPINION OF PROBABLE CONSTRUCTION COST

FMP ID 01000005 SPONSOR ID 010000001
FMP NAME TEE ANCHOR STORM DRAIN - SE 10TH ST SPONSOR NAME CITY OF AMARILLO
REPORT NAME TEE ANCHOR LAKE DRAINAGE MASTER PLAN INITIAL ESTIMATE YEAR 2014

INITIAL ESTIMATE CREATED B REVISED ESTIMATE CREATED BY: REVISED ESTIMATE CHECKED BY:
HALFF ASSOCIATES FREESE & NICHOLS, INC. HDR ENGINEERING, INC.

ITEM DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL

CONSTRUCTION LINE ITEMS

1 MOBILIZATION/SITE PREP (5% OF CONSTRUCTION SUBTOTAL) 1|LS S 140,560 | $ 140,560
2 REMOVE EXISTING 18 IN STORM DRAIN PIPE 65|LF S 20 [ $ 1,300
3 REMOVE EXISTING 24 IN STORM DRAIN PIPE 264|LF S 20 [ $ 5,280
4 REMOVE EXISTING 36 IN STORM DRAIN PIPE 393|LF S 20 [ $ 7,860
5 REMOVE EXISTING 42 IN STORM DRAIN PIPE 763|LF S 20 [ $ 15,260
6 REMOVE EXISTING 48 IN STORM DRAIN PIPE 240|LF S 20 [ $ 4,800
7 24 IN CL Il RCP STORM DRAIN PIPE 103|LF S 751 $ 7,725
8 36 IN CL Ill RCP STORM DRAIN PIPE 382|LF S 85|$ 32,470
9 |48 INCL Il RCP STORM DRAIN PIPE 379|LF S 140 | $ 53,060
10 [CONCRETE BOX CULVERT (5 FT X 4 FT) 835|LF S 230 | $ 192,050
11 [CONCRETE BOX CULVERT (5 FT X 4 FT) 3837|LF S 215 | $ 824,955
12 [CONCRETE BOX CULVERT (5 FT X 4 FT) 2224|LF S 245 | $ 544,880
13 |CAST IN PLACE JUNCTION BOX 6[EA S 20,000 | $ 120,000
14 [STANDARD CURB INLET (10 FT) 40|EA S 5,000 | $ 200,000
15 |HEADWALL 1|EA S 10,000 | $ 10,000
16 [GROUTED RIPRAP ON FILTER FABRIC (12 IN THICK - 50 SY OR MORE) 150|CY S 150 | $ 22,500
17 |PAVEMENT REMOVE & REPLACE (9 IN ASPHALT) 10347(SY S 55| $ 569,085
18 |SWPPP 1|LS S 10,000 | $ 10,000
19 |TRAFFIC CONTROL 1|LS S 40,000 | $ 40,000
20 |UTILITY ADJUSTMENT - MINOR (12 IN OR SMALLER) 15[EA S 10,000 | $ 150,000

SUBTOTAL (2014 COSTS) S 2,951,790

CONTINGENCY 20% 590,360
SUBTOTAL (2014 COSTS) 3,542,150
ENGINEERING AND

MATERIALS TESTING 15% 531,330
SUBTOTAL 4,073,480
COST ESCALATION FACTOR 17% 692,492

PROJECT TOTAL (2020 COSTS) 4,765,972

RECURRING COSTS

Debt Service Total (add interest rate % and term years) S

Operations & Maintenance Total (30-year project life)) S

ANNUAL RECURRING TOTAL (2020 COSTS) S
$

TOTAL (2020 COSTS)

Opinions of probable costs have been developed in accordance with the Rules and Technical Guidelines governing Flood Planning provided by the TWDB. The Engineer has no control over the cost of labor, materials, equipment,
or over the Contractor's methods of determining prices or over competitive bidding or market conditions. Opinions of probable costs provided herein are based on the information known to Engineer at this time and represent
only the Engineer's judgment as a design professional familiar with the construction industry. The Engineer cannot and does not guarantee that proposals, bids, or actual construction costs will not vary from its opinions of
probable costs.
NOTES:
1 Unit costs for construction line items includes subsidiary costs associated with installation, performance testing, inspection, etc.; interest during construction
assumed to be incurred by contractor and reflected in unit costs.

2 Project does not have any costs associated with land acquisition, mitigation, utility relocation, buyouts or property elevations.
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2023 REGIONAL FLOOD PLAN PANHANDLE REGIONAL PLANNING COMMISSION | TEXAS WATER DEVELOPMENT BOARD

OPINION OF PROBABLE CONSTRUCTION COST

FMP ID 01000006 SPONSOR ID 010000001
FMP NAME TEE ANCHOR STORM DRAIN - ROSS/OSAGE SPONSOR NAME CITY OF AMARILLO
REPORT NAME TEE ANCHOR LAKE DRAINAGE MASTER PLAN INITIAL ESTIMATE YEAR 2014

INITIAL ESTIMATE CREATED B REVISED ESTIMATE CREATED BY: REVISED ESTIMATE CHECKED BY:
HALFF ASSOCIATES FREESE & NICHOLS, INC. HDR ENGINEERING, INC.

ITEM DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL

CONSTRUCTION LINE ITEMS

1 MOBILIZATION/SITE PREP (5% OF CONSTRUCTION SUBTOTAL) 1|LS S 83,490 | $ 83,490
2 REMOVE EXISTING 24 IN STORM DRAIN PIPE 1681|LF S 20 [ $ 33,620
3 24 IN CL Il RCP STORM DRAIN PIPE 465(LF S 751 $ 34,875
4 |30 IN CLIIl RCP STORM DRAIN PIPE 361|LF S 80 |$ 28,880
5 36 IN CL Il RCP STORM DRAIN PIPE 358|LF S 85|$ 30,430
6 CONCRETE BOX CULVERT (4 FT X 3 FT) 360|LF S 140 | $ 50,400
7 CONCRETE BOX CULVERT (5 FT X 3 FT) 3518|LF S 195 | S 686,010
8 CONCRETE BOX CULVERT (6 FT X 3 FT) 549|LF S 215 | $ 118,035
9 CAST IN PLACE JUNCTION BOX 4|EA S 20,000 | $ 80,000
10 [STANDARD CURB INLET (10 FT) 36[EA S 5,000 | $ 180,000
11 |HEADWALL 1|EA S 10,000 | $ 10,000
12 [PAVEMENT REMOVE AND REPLACE (9 IN ASPHALT) 5136(SY S 55|$ 282,480
13  |SWPPP 1|LS S 10,000 | $ 10,000
14 | TRAFFIC CONTROL 1|LS S 25,000 | $ 25,000
15 [UTILITY ADJUSTMENT - MINOR (12 IN OR SMALLER) 10[EA S 10,000 | $ 100,000

SUBTOTAL (2014 COSTS) S 1,753,220

CONTINGENCY 20% 350,650
SUBTOTAL (2014 COSTS) 2,103,870
ENGINEERING AND

MATERIALS TESTING 15% 315,590
SUBTOTAL 2,419,460
COST ESCALATION FACTOR 17% 411,308

PROJECT TOTAL (2020 COSTS)

RECURRING COSTS

Debt Service Total (add interest rate % and term years) S

Operations & Maintenance Total (30-year project life)) S

ANNUAL RECURRING TOTAL (2020 COSTS) S
$

TOTAL (2020 COSTS)

Opinions of probable costs have been developed in accordance with the Rules and Technical Guidelines governing Flood Planning provided by the TWDB. The Engineer has no control over the cost of labor, materials, equipment,
or over the Contractor's methods of determining prices or over competitive bidding or market conditions. Opinions of probable costs provided herein are based on the information known to Engineer at this time and represent
only the Engineer's judgment as a design professional familiar with the construction industry. The Engineer cannot and does not guarantee that proposals, bids, or actual construction costs will not vary from its opinions of
probable costs.

NOTES:
1 Unit costs for construction line items includes subsidiary costs associated with installation, performance testing, inspection, etc.; interest during construction
assumed to be incurred by contractor and reflected in unit costs.

2 Project does not have any costs associated with land acquisition, mitigation, utility relocation, buyouts or property elevations.
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Memorandum

Date:  Thursday, June 16, 2022
Project.  Canadian — Upper Red Regional Flood Plan
To:  Scott Hubley, PE, Freese and Nichols, Inc.

From:  David Dunn, PE
Toby Li, EIT

Subject: Canyon Flood Mitigation Project Pilot Study

HDR Engineering, Inc. (HDR) has completed an update to the flood mitigation projects
recommended for the City of Canyon, TX in a 2011 U.S. Army Corps of Engineers (USACE)
report!. This analysis was completed to provide data for the 2023 Canadian — Upper Red
Regional Flood Plan (the Plan) concerning potential Flood Mitigation Projects (FMPs) to be
recommended in the 2023 Plan. This analysis was performed as a “pilot” study to identify
relative levels of effort needed to bring analyses of FMPs up to a common standard necessary
for inclusion in a regional flood plan per Texas Water Development Board (TWDB) guidelines.

The study area is a flood-prone residential area between FM 2590 and Highway 87 in the City of
Canyon, TX. The area is prone to repetitive riverine flooding from Palo Duro Creek. In May
2011, USACE performed a flood mitigation study to propose various alternatives to mitigate
flooding problems in the study area. The study recommended a combination of two upstream
flood detention structures coupled with enlargement of a flood diversion channel located in an
adjacent golf course.

On March 2, 2022, representatives from HDR and Freese and Nichols, Inc. (FNI) met with
representatives from the City of Canyon to discuss the project and confirm the City’s desire to
include the projects recommended by the USACE in the 2023 Plan. The City confirmed their
desire to include the projects in the 2023 Plan, and requested that three low-water crossings in
the golf course be enlarged to reduce the frequency of road overtopping.

The locations of the upstream (US) and midstream (MS) detention ponds, channel enlargement,
and low-water crossings are shown in Figure 1.

1 US Army Corps of Engineers, Tulsa District, Flood Mitigation Study, Canyon, Randall County, Texas,
1004831053 Final Report, May 2011.

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
(972) 960-4400
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Figure 1. Locations of flood detention, channel enlargement, and low-water crossings

Information and Tools Available

2011 USACE Report and HEC-RAS Model for Canyon Project Alternatives

HDR was provided the report from the 2011 USACE study and the HEC-HMS and HEC-RAS
models from the USACE study. The HEC-RAS model was later used to conduct flood mitigation
effects analysis in section 3.a.i of this TM.

TWDB BCA Input Tool and FEMA BCA Toolkit 6.0

TWDB requires each project included as an FMP in a regional flood plan to have a benefit/cost
analysis (BCA) performed. Many flood mitigation studies document a computed benefit/cost
ratio (BCR) and those can be incorporated into the regional flood plan. For situations where a
BCR is not available for a project, TWDB has developed the BCA Input Tool? to facilitate
calculations of costs and benefits. It estimates flood damages for residential buildings before
and after construction of the flood mitigation project for three return periods. The TWDB BCA
Workbook calculates costs and benefits for only three recurrence intervals, so a combination of
three workbooks were used to complete calculations for eight recurrence intervals (2-year, 5-

2 https://www.twdb.texas.gov/flood/planning/planningdocu/2023/doc/BCA%20Workbook.zip

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
(972) 960-4400
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year, 10-year, 25-year, 50-year, 100-year, 250-year, and 500-year). The BCA Input Tool is
intended to be used in conjunction with the Federal Emergency Management Agency (FEMA)
BCA Toolkit 6.0, which calculates annual benefits from the information compiled in the TWDB
BCA Input Tool. The annual benefits data are then entered back into the TWDB BCA Input Tool
which then computes the resulting BCR for the project.

Randall County Central Appraisal Data (2021 Certified)

HDR downloaded the Randall County Central Appraisal District (CAD) Data (2021 Certified)
from the Randall County CAD’s website to locate properties potentially impacted by flooding
from the Palo Duro Creek and to estimate buyout costs for properties expected to be inundated
within the pools of the flood detention ponds.

TXDOT Construction Project Average Low Bid

HDR utilized the 12-months Average Low Bid data dated March 2022 which was obtained from
the Texas Department of Transportation (TXDOT) to estimate costs for culverts, roadway repair,
and mass concrete for the detention basin spillways.

Analyses Performed

Flood Mitigation Impacts

The HEC-RAS model from the 2011 study incorporates the recommended diversion channel
enlargement and upstream detention. HDR utilized the model to duplicate those simulations and
estimate the extents of flooding for the 2-year, 5-year, 10-year, 25-year, 50-year, 100-year, 250-
year, and 500-year storm events* for existing conditions and after implementation of the FMP.

HDR used the flooding extents from the HEC-RAS simulations and available LIDAR data to
identify 162 residences and one commercial building affected by at least the 500-year event.
Figure 2 (existing) and Figure 3 (with FMP) show structures affected by the 100-year flood
event. HDR assigned flood depths for each recurrence interval event at the center points to
each property before and after implementation of the FMP, based on data from the Randall
County Central Appraisal District.

The FMP reduces the greatest number of structures in a 2-year event, where flooding is
contained within the channel post project, and only inundates the low water crossings.

3 https://www.fema.gov/grants/quidance-tools/benefit-cost-analysis

4 Note that the precipitation depths of these storm events were determined prior to the Atlas 14 update.
The 100-year 24-hour storm depth in the USACE model is 6.6 inches, which is greater than the updated
Atlas 14 100-year 24-hour storm depth of 6.3 inches.

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
(972) 960-4400
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Figure 3. Structures within the 100-year floodplain after implementation of the FMP

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
(972) 960-4400



FR

Flood Damages Before and After Implementation of the FMP

Depth of flooding for each structure was entered into the TWDB BCA Input Workbook for the 2-
year, 5-year, 10-year, 25-year, 50-year, 100-year, 250-year, and 500-year events for both the
existing and the FMP conditions.

The TWDB BCA Input Workbook includes flood damage-by-depth values for residential homes
and commercial buildings in Texas. With each flood depth, there is a corresponding flood
damage associated with the type of structure. The workbook sums the individual damages for
all structures to provide a comparison of damages before and after implementation of the FMP
for each of the eight flood events. For this analysis, the workbook was also used to account for
street flooding and low water crossings (LWC) based on flood depths, daily traffic, and time
delays for detour.

Costing

CHANNEL ENLARGEMENT AND LOW WATER CROSSINGS
USACE HEC-RAS model from the 2011 study included the channel configuration after the
excavation at 16 cross-sections within the project area. HDR has measured the depths, channel
bottom widths, top widths, side lengths at each cross-section. Excavation was estimated at each
cross section using the depths, bottom and top widths, and side lengths in the model, which
were combined with cross section spacing to estimate the volume of channel excavation.

Volumes of riprap stone protection were estimated. It was assumed that the entire bottom width
of the excavated channel would be armored with riprap stone up to 1/3 of the side slope height.
Based on the channel velocity, the riprap stone would be sized with a D50 gradation of 18
inches.

Unit costs for channel excavation, riprap stone, and concrete were assumed to estimate the
total costs of the channel enlargement.

At the request of the City of Canyon as the project sponsor, costs to enlarge three low-water
crossings were also estimated, based on replacing each existing crossing with two 6 ft by 6 ft
reinforced concrete box culverts with associated headwalls at both ends and roadway repairs.
Actual design of the improved low-water crossings would need to be completed in more detalil
during a more in-depth project design and development stage.

DETENTION PONDS

The 2011 USACE report recommended two side-channel detention ponds constructed with 350-
feet long embankment weirs that would engage at specific flood levels to divert flows into the
structures and reduce peak discharges. The USACE report noted that traditional flow-through
structures might also be feasible. The USACE information regarding the conceptual side-
channel ponds was very limited and it is not clear how the structures would be constructed
within the relatively narrow confines of the valley containing Palo Duro Creek. Accordingly, the
project team decided to modify the detention concept to include more traditional detention pond
dam embankments to impound flood flows. The intent of the ponds is to only detain larger flood
flows, so a series of ten, 5'x5’ box culverts would convey flows through the embankments up to
about the 10-year flood peak discharge. Discharges greater than the 10-year flood peak

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
(972) 960-4400
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discharge would surcharge into the detention pond pools. The entire embankment would be
concrete lined as a spillway to convey larger discharges over the tops of the dams without
damaging them.

The embankment heights of the detention dams were set consistent with the embankment
heights of the original side-channel structures, at 3579 ft (upstream) and 3530 ft (midstream),
respectively. The embankments were aligned roughly perpendicular to the valley flow at
approximately the same locations as the downstream sides of the original side-channel
detention ponds. The storage volumes that would be detained at the top of the embankment
were determined to be 2,122 acre-feet for the upstream structure and 1,472 acre-feet for the
midstream structure, with the footprints shown in Figure 1.

The estimated volumes of the earthen embankments, concrete spillways, and riprap protection
were estimated, and assumed unit costs were applied to these quantities along with costs for
the culverts.

PROPERTY ACQUISITION

The two detention ponds would require that property to be inundated during operation of the
ponds be purchased. Randall County CAD data were used for the parcels overlying the
footprints of the inundated areas to estimate buyout costs, including structures and the impacted
portions of the land. The total property acquisition cost is $1.7 million for the upstream detention
basin, and $3.6 million for the midstream detention basin.

TOTAL PROJECT COST

Costs for the channel improvement, detention ponds, and low-water crossings were
accumulated and summed to arrive at a total construction cost for the FMP in 2022 dollars.
Mobilization and contingency were estimated at 30% of construction costs and engineering and
surveying were estimated to be 10% of the total cost. After application of contingency and
mobility and engineering and surveying cost factors, the total project cost is estimated to be
$34,760,000 in 2022 dollars. TWDB requires all project costs to be in 2020 dollars, so a
Construction Cost Index (CCI) factor of 0.90 was applied to convert the costs from 2022 to 2020
dollars, resulting in a project cost of $31,284,000. The construction was set to begin and end in
2020 to simplify the calculation of the BCR.

Benefit/Cost Analysis Results

The total cost was entered into the TWDB BCA Input Tool with an estimated annual operation
and maintenance costs of $100,000, for the assumed 30-year lifetime of the project. The tool
computes total costs for the project over the 30-year assumed lifespan. The total annualized
benefits as determined by the FEMA BCA Toolkit 6.0 were also entered. The data are
summarized in Figure 4, which is a screen capture of the Results tab from the TWDB BCA Input
Tool.

Note that the green shaded value of $19,086,681 represents the sum of the estimated total
benefits computed over the 30-year useful life at a discount rate of 7 percent, per FEMA
standards. The final BCR computed by the TWDB BCA Input Tool for the City of Canyon
FMP is 0.51, using the damages and benefits referenced to the 2-year, 5-year, 10-year, 25-

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
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year, 50-year, 100-year, 250-year, and 500-year events. This can be considered a relatively low
BCR, and it attributed to the relatively small number of structures removed from flooding by the

FMP.

Input Into BCA Toolkit
Project Useful Life

Event Damages
25 - year storm

100 - year storm
500 - year storm

30

Baseline
$7,965,065

$14,915,972

$27,895,752

Project
$5,781,388
510,501,453
$22,777,754

Total Benefits from BCA Toolkit
Other Benefits (Not Recreation)
Recreation Benefits

Total Costs

MNet Benefits
Net Benefits with Recreation

Final BCR

Final BCR with Recreation

$19,086,681
S0
S0
$37,237,763

-$18,151,082
518,151,082

0.51

0.51

Figure 4. BCA Workbook Results

No Negative Impact Analysis

NO NEGATIVE IMPACT OF FLOOD RISK

An FMP must have no negative impacts on its neighboring area due to its implementation. No
negative impact means that a project will not increase flood risk of surrounding properties. The

increase in flood risk must be measured by the 1% annual chance (100-year) event water

surface elevation and peak discharge, using the best available data. It is recommended that no
rise in water surface elevation or discharge should be permissible, and that the analysis extent
must be vast enough to prove proposed project conditions are equal to or less than the existing

conditions.

For the purposes of regional flood planning efforts, a determination of no negative impact can

be established if stormwater runoff does not increase inundation of infrastructure such as
residential and commercial buildings and structures. Additionally, all of the following

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232

(972) 960-4400



FR

requirements, per TWDB Technical Guidelines, should be met to establish no negative impact,
as applicable:

1. Stormwater does not increase inundation in areas beyond the public right-of-way, project
property, or easement.

2. Stormwater does not increase inundation of storm drainage networks, channels, and
roadways beyond design capacity.

3. Maximum increase of 1D Water Surface Elevation must round to 0.0 feet (<0.05 ft) measured
along the hydraulic cross-section.

4. Maximum increase of 2D Water Surface Elevations must round to 0.3 feet (<0.35 ft)
measured at each computation cell.

5. Maximum increase in hydrologic peak discharge must be <0.5 percent measured at
computation nodes (sub-basins, junctions, reaches, reservoirs, etc.). This discharge restriction
does not apply to a 2D overland analysis.

For the Canyon FMP Pilot Study, a 1D HEC-RAS model created by the USACE was used to
assess and develop the project. Since there is no 2D HEC-RAS model, only requirements #1,
#2, #3, and #5 apply.

In the HEC-RAS model, the existing conditions were compared to conditions with the proposed
improvements. The analysis shows that the project does not increase flooding at any location,
meeting criteria #1. In the existing conditions, channels overflow throughout the studied area
during all storm events evaluated. However, during proposed conditions, overtopping depths
remain the same or decrease at all cross-sections within the project limits, and this meets
criteria #2. Within the project limits, there are no cross sections where water surface elevations
for the 100-year flood rises.

In relation to the proposed detention basins, the flood profile for the 100-year proposed
condition intersects the existing flood profile within the limits of the detention basins’ footprints,
demonstrating no upstream negative impact. This meets criteria #3. Table 1 presents a
discharge summary for all return periods, indicating decreased or unchanged discharges post
project, meeting criteria #5.

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
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Table 1. Existing and Proposed Flood Discharges on Palo Duro Creek.

Discharge (cfs)
2 5 10 25 50 100 250 500
Year | Year Year Year Year Year Year Year

Existing 76694 | 976 | 4,820 | 7,573 | 9,956 | 12,802 | 16,805 | 23,680 | 28,160
Proposed | 76694 | 976 | 4,820 7,573 | 9,956 | 12,802 | 16,805 | 23,680 | 28,160
(+/-) 0 0 0 0 0 0 0 0
Existing 51981 | 1,239 | 4,820 | 7,584 | 9,956 | 12,883 | 16,805 | 23,925 | 28,160
Proposed | 51981 | 976 | 4,740 | 7,193 | 9,956 | 11,764 | 15,249 | 21,907 | 27,654
(+/-) 263 | -80 | -391 0 -1,119 | -1,556 | -2,018 -506
Existing 18695 | 1,652 | 4,808 | 7,584 | 10,005 | 12,894 | 16,958 | 23,925 | 28,457
Proposed | 18695 | 1,652 | 4,686 | 6,439 | 8,036 | 9,890 | 12,414 | 20,742 | 27,362
(+/-) 0 -122 | -1,145 | -1,969 | -3004 | -4,544 | -3,183 | -1,095
Existing 9092 | 1,732 (4,794 | 7,570 | 9,993 | 12,883 | 16,946 | 23,913 | 28,443
Proposed 9092 | 1,652 | 4,686 | 6,439 | 8,036 | 9,890 | 12,414 | 20,742 | 27,362
(+/-) -80 | -108 | -1,131 | -1,957 | -2,993 | -4,532 | -3,171 | -1,081
Existing 5940 | 2,188 | 5,136 | 8,079 | 10,565 | 13,505 | 17,612 | 24,617 | 29,149
Proposed 5940 | 2,188 | 5,027 | 6,947 | 8,608 | 10,510 | 13,080 | 21,439 | 28,067
(+/-) 0 -109 | -1,132 | -1,957 | -2,995 | -4,532 | -3,178 | -1,082

River
Station

TWDB requires that environmental impacts be assessed for all eligible FMPs. Environmental
impact categories include

a. water quality;

b. cultural heritage;

c. habitat, biodiversity and ecology;
d. air quality;

e. natural resources; and

f. agricultural resources/properties.®

HDR has assessed two most applicable types of potential impacts in this FMP: b. Cultural
heritage and c. habitat, biodiversity, and ecology impacts. After assessments below, HDR has
concluded that no adverse environmental impacts of the FMP were identified in the process,
and the FMP scores 10 out of 10 based on Table 40 of Exhibit C.

CULTURAL RESOURCES

A search of the Texas Archeological Sites Atlas (Atlas) revealed no recorded cultural resources
within either proposed detention basin. Site 41RD85 is a prehistoric site first recorded in 1976
and is approximately 0.25 mi (0.4km) southeast of the Midstream Detention Basin. It is located
on a low terrace near a narrow draw in the Palo Dura Creek Valley within the Canyon Country
Club golf course. The site consists of three features. The first is a fire hearth extending from the

5 Exhibit C Technical Guidelines for Regional Flood Planning, page 127.
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surface to ten centimeters below surface, which was disturbed by the water line trench for the
sprinkler system. The second feature consisted of a caliche rock cluster containing associated
artifacts. Feature three consisted of three vertically embedded bison bones and artifacts
including projectile points, ceramics, unworked lithics, and bone. 41RD85 has unknown
eligibility for the National Register of Historic Places. No other nearby cultural resources sites
were identified in the Atlas search.

A review of publicly available GIS data from the Texas Historical Commission showed no
cemeteries, Texas Historical Markers, National Register of Historic Places (NRHP) listed
districts or places within either of the proposed detention basin areas. There was one Texas
Historical Marker (Sam Wood Cabin) located within one mile of the Upstream Detention Basin.
Thirteen Texas Historical Markers (First Baptist Church, Lester, L.T. Home, Tex Randall, First
National Bank, City of Canyon, Randall County World War | Memorial, Smith Building (Palace
Hotel), Presbyterian Church Building, Randall County, Canyon News, C. R. Burrow House, First
National Bank Building) and one NRHP-listed property (Lester, L.T., House) are located within
one mile of the Midstream Detention Basin.

WILDLIFE HABITAT

Based on the Information for Planning and Consultation resource list for the project area,
downloaded from the U.S. Fish & Wildlife Service (FWS) website on April 21, 2022, the
Monarch butterfly (Danaus plexippus) may be present within the project area. This species is a
candidate for listing under the Endangered Species Act (ESA). Candidate species receive no
statutory protection under the ESA, the FWS encourages cooperative conservation efforts for
these species because they may warrant future protection under the ESA. Two bird species, the
Piping Plover (Charadrius melodus) and the Red Knot (Calidrius canutus rufa), are also listed
for the project area but only need to be considered for wind energy projects. No critical habitat
for any threatened or endangered species is present within the project area.

There are four species in Randall County listed by the Texas Parks and Wildlife Department
(TPWD) as threatened or endangered. These state-threatened species include the white-faced
ibis (Plegadis chihi), Red River pupfish (Cyprinodon rubrofluviatilis), Palo Duro mouse
(Peromyscus truei comanche), and the Texas horned lizard (Phrynosoma cornutum). Based on
the Texas Natural Diversity Database (TXNDD) provided by the TPWD there have been
documented occurrences of the Texas horned lizard within approximately 0.25 mile of the
Midstream Detention Basin and within approximately 2.7 miles of the Upstream Detention
Basin. No other occurrences of state or federally listed threatened or endangered species have
been documented within 5 miles of the proposed detention basins.

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
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Populating the required Tables 13 and 16

TWDB requires that Tables 13° & 167 to be populated along with the submission of the report
and geodatabase. The required attributes are populated as follows. First, basic project
information (name, description, etc.) are extracted from this technical memorandum. Second,
the project extents are drawn into GIS, and after doing so, spatial attributes are obtained by
overlapping spatial layers (HUC12s, watersheds, etc.). Third, floodplain inundation information
is extracted from the modeling results of the 2011 USACE study modeled raster files (area in
100-yr floodplain, number of structures at 100-yr flood risk, etc.) for both pre-project and post-
project conditions. Finally, benefit and cost related attributes are derived from the BCA
performed in this study (cost, benefit-cost ratio, etc.).

Table 2 is a summary of key information in Tables 13 and 16 for the Canyon Flood Mitigation
Project. The estimated number of structures at 100-year risk equals the number of structures in
the 100-year floodplain. Population is estimated based on three persons per structure. The
estimated length of roads at 100-year flood risk is measured from the length of roads inundated
within the 100-year floodplain. The post-project level-of-service is determined by the recurrence
interval of the flood event in which no structures would be flooded. Finally, the cost/structure
removed equals the total cost divided by the total number of structures.

Table 2. Project highlights from Tables 13 and 16

City of Canyon Flood

AlEREE Mitigation Project
Associated Goals 2001, 2002
Watershed Name Lower Palo Duro Creek

Project Area (sq mi) 0.6098

Areain 100-yr (1% annual chance) Floodplain (sq mi) 0.3410

Area in 500-yr (0.2% annual chance) Floodplain (sq mi) 0.3830
Estimated number of structures at 100yr flood risk 106
Estimated Population at 100-year flood risk 486
Estimated length of roads at 100-year flood risk (miles) 1.13

Number of Structures removed from 100-yr (1% annual

chance) flood risk 2l
Pre-Project Level-of-Service Unknown
Post-Project Level-of-Service 50% annual

Cost/Structure Removed $1,379,176
Social Vulnerability Index (SVI) 0.526
Benefit-Cost Ratio 0.51

6 Exhibit C Technical Guidelines for Regional Flood Planning, page 63.
7 Exhibit C Technical Guidelines for Regional Flood Planning, page 75.
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801 Cherry Street, Suite 2800 + Fort Worth, Texas 76102 + 817-735-7300 + FAX 817-735-7491 www.freese.com
TO: Region 1 Canadian-Upper Red Regional Flood Planning Group
FROM: Scott Hubley, PE, CFM — Vice President

SUBJECT: | Brenda Hursh FMP Evaluation

PROJECT: | Canadian-Upper Red Regional Flood Plan (FNI Proj. No. PPC21323)

DATE: April 21, 2022
CC: David Dunn — HDR Engineering, Inc., Russell Schreiber — City of Wichita
Falls
PROJECT OVERVIEW

Brenda Hursh Channel and Brenda Hursh Creek in Wichita Falls, Texas are concrete lined channels located
within the FEMA Zone AE floodplain on FIRM panels 48485C0320G, 48485C0340G, 48485C0435G, and
48485C0455G. Multiple properties along Brenda Hursh Creek are currently located within the 1% annual
chance FEMA floodplain. To alleviate flood risk, it is proposed to divert flow from Brenda Hursh Creek and
Brenda Hursh Channel at the Weeks Street crossings and convey runoff through a proposed pipe system that
will outfall into a grass-lined channel. This channel will go through The Champions Course at Weeks Park golf
course to the west until meeting Holliday Creek. The initial evaluation for this project was conducted in 2011
as a part of the Wichita Falls Drainage Master Plan by Freese and Nichols, Inc.

BENEFIT-COST RATIO

Within the Benefit-Cost Analysis (BCA) workbook provided, several types of project impacts can be considered.
For the Brenda Hursh project, residential structure damage reduction, commercial structure damage
reduction, critical facility loss of function reduction, and reduction in street flooding were considered for the
Brenda Hursh project. Additionally, green infrastructure elements were present in the project.

As a part of the original study, 100 potentially inundated structures were identified for the 1% annual chance
(100-year) event and 90 were identified for the 4% annual chance (25-year) event. All identified structures
were marked as residential or unknown in the TWDB buildings layer data. Therefore, these structures were all
used for the residential structure damage reduction. No buildings were marked as commercial structures or
critical facilities, so analysis for these damage reductions was not completed.

Since there were slight differences, such as additional buildings, in the building datasets between the original
study and the provided building layer from TWDB, an additional analysis was completed to find further
potential inundated structures for the 100-year storm event. For buildings in Wichita Falls, the elevation at the
centroid of the building from 2018 LiDAR was obtained and an additional 0.5 foot was added to account for
slab height and estimate the finished floor elevation (FFE), as in the original report. Water surface elevation
(WSEL) was assigned to each building point based on the closest cross section within 300 feet, which was then



compared to FFE to find which structures had potential to be inundated. This identified 14 additional
structures. These fourteen buildings were added to the BCA for the 100-year storm. While one structure was
marked as a critical facility, it was a school, which is not one of the types considered as critical for the BCA
(police station, fire station, and hospital).

In post-project conditions, 64 properties were removed from the 1% annual chance (100-year) event and flood
damages at 7 were reduced. This resulted in a decrease in residential structure damage from $6.3 million to
$2.9 million, and a decrease in residential loss of function from $4.3 million to $1.8 million. From the 4%
annual chance (25-year) event, 59 structures were removed, and flood damages at 2 were reduced. This
resulted in a decrease in residential structure damage from $4.8 million to $1.8 million, and a decrease in
residential loss of function from $4.3 million to $1.8 million.

At some cross sections, there was an increase of 0.01 feet in the 100-year WSEL between proposed and
existing conditions. This is within the acceptable range of increase, as described further in the no negative
impact analysis below. Despite this being an insignificant increase, this occasionally resulted in structure
inundation increasing by an inch due to rounding requirements in the BCA spreadsheet calculations. The
Wichita Falls NFIP ordinance requires that no insured structures experience an increase in flooding, so this
project will undergo further design as it progresses to ensure no significant increases occur. Structures that
experience an increase in inundation were rounded down one inch in anticipation of future design conditions.
Water surface elevations and damages are shown below in Table 1.
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Table 1: Water Surface Elevations and Expected Damages for Residential Properties

PARK PLACE CT #1
PARK PLACE CT #2
PARK PLACE CT #3
PARK PLACE CT #4
PARK PLACE CT #5
PARK PLACE CT #6
PARK PLACE CT #7
NORMAN #1
MELODY #1
MELODY #2
MELODY #3
MELODY #4
NORMAN #2
NORMAN #3
NORMAN #4
WEEKS #1

WEEKS #2

PARK PLACE CT #1
WOODLAND CREEK #1
WEEKS #3

WEEKS #4

WEEKS #5

WEEKS #6

WEEKS #7

BARNA #1

CLUB VIEW #1
MIDWESTERN #1
BARNA #2

CLUB VIEW #2
BARNA #3

CLUB VIEW #3
BARNA #4

CLUB VIEW #4
CLUB VIEW #4
BARNA #5

Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
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Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
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$29,091
$29,091
$29,091
$56,292

$107,833
$95,117

$31,682
$31,682
$29,091
$63,550
$31,682
$63,550
$101,619
$82,164
$79,430
$49,047
$80,797
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$29,091
$29,091
$29,091
$29,091
$29,091
$29,091
$29,091
$59,921
$31,682
$31,682
$31,682
$31,682
$108,628
$95,768
$41,705
$67,178
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$29,091
$63,550
$67,178
$80,797
$106,243
$90,366
$87,632
$56,292
$82,164
$84,898
$29,091
$29,091
$29,091
$29,091
$29,091
$29,091
$29,091
$29,091
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$31,682

$28,999
$74,435
$80,797



CLUB VIEW #5
BARNA #6
BARNA #7
BARNA #8
BARNA #9
BARNA #10
BARNA #11
BARNA #12
BARNA #13

PARK PLACE CT #2

LAKE PARK #1
BRENNA #1
LAKE PARK #2
LAKE PARK #3
LAKE PARK #4
SCOTTSDALE #1
SCOTTSDALE #2
LAKE PARK #5
SCOTTSDALE #3
SCOTTSDALE #4
SCOTTSDALE #5
SCOTTSDALE #6
LAKE PARK #5
SCOTTSDALE #7
LAKE PARK #6
LAKE PARK #7
CASTON #1

DUNBARTON #1
DUNBARTON #2
HOLLANDALE #1
HOLLANDALE #2
DUNBARTON #3
HOLLANDALE #3
DUNBARTON #4
DUNBARTON #5

MELODY #5
MELODY #6

HOLLANDALE #4

MELODY #7
MELODY #8

Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
Average Home
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$29,091
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HOLLANDALE #5

MELODY #9

MELODY #10

HOLLANDALE #6

MELODY #11
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DUNBARTON #6

FLORIST #1
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For street flooding, TXDOT does not have data available for the AADT of streets within the project area.
Therefore, roadway impacts could not be quantified for the BCA. Nonetheless, miles of roadway were
obtained by intersecting the flooding polygon with the road layer, and differences in mileage and time were
obtained from Google Maps.

For the green infrastructure consideration, the proposed channel is naturally lined and will increased the
amount of riparian habitat in this area. This value of increased habitat was obtained using the flow line as
length, 941.1 feet, and the largest potential top width, 71 feet, to get 1.53 acres.

The total benefits calculated by the FEMA BCA toolkit measured at $2,812,782, which was combined with
environmental benefits from the TWDB BCA spreadsheet of $576,511, leading to a total benefit of $3,389,293.

The original report listed the total project cost as $3,268,800. To bring this number to 2020 dollars, a factor of
1.27 was applied to bring the cost to $4,151,376. This cost was then annualized across three years of
construction in the spreadsheet for a total cost of $2,964,392.

After all costs and benefits were determined, the final BCA was determined to be 1.1.

NO NEGATIVE IMPACT ANALYSIS

Each identified Flood Management Strategy (FMS) and Flood Mitigation Project (FMP) must demonstrate that
there would be no negative impacts on a neighboring area due to its implementation.

For the purposes of flood planning effort, a determination of no negative impact can be established if
stormwater does not increase inundation of infrastructure such as residential and commercial buildings and
structures. Additionally, all of the following requirements, per TWDB Technical Guidelines, should be met to
establish no negative impact, as applicable:

1. Stormwater does not increase inundation in areas beyond the public right-of-way, project property, or
easement

2. Stormwater does not increase inundation of storm drainage networks, channels, and roadways
beyond design capacity

3. Maximum increase of 1D Water Surface Elevation must round to 0.0 feet (<0.05 ft) measured along
the hydraulic cross-section

4. Maximum increase of 2D Water Surface Elevations must round to 0.3 feet (<0.35 ft) measured at each
computation cell

5. Maximum increase in hydrologic peak discharge must be <0.5 percent measured at computation
nodes (sub-basins, junctions, reaches, reservoirs, etc.). This discharge restriction does not apply to a
2D overland analysis

For the Brenda Hursh project, a HEC-HMS model and a 1D HEC-RAS model were used to assess and develop
the project. Since there was no 2D HEC-RAS model, only requirements #1, #2, #3, and #5 are relevant.

Of the plans within the HEC-RAS model, the ExistingFD_FNI and Proposed plans were compared. Both plans
use flows which reflect fully developed conditions, with any differences in the flow file being due to the
proposed bypass. There are no cross sections where the increase in water surface elevation is greater than



0.05 feet for the 100-year storm, meeting requirement #3. There are four cross sections that experience a
slight increase, but as this is a conceptual alternative and the increases are insignificant and will be addressed
during further design. As design continues, a full floodplain impacts study would be performed, and the design
would be adjusted to avoid adverse impacts. Therefore, it can be concluded that these potential increases will
be mitigated and not impacts areas beyond public right-of-way, project property, or easement, particularly as
the design is refined for construction, meeting requirement #1. The WSEL at cross sections for existing and
proposed conditions are shown below in Table 2.

Table 2: WSEL at Cross Sections under Proposed and Existing Conditions

River Station Plan WSEL (ft) Difference in WSEL (ft)

Proposed 975.61

4054 . 0
Exist_FD 975.61
Proposed 972.96

3342 . 0
Exist_FD 972.96
Proposed 972.6

2942 . -0.09
Exist_FD 972.69
Proposed 972.72

2894 . -0.07
Exist_FD 972.79
Proposed 970.74

2819 , -0.01
Exist_FD 970.75
Proposed 970.53

2759 . 0
Exist_FD 970.53
Proposed 970.33

2461 . -0.05
Exist_FD 970.38
Proposed 970.23

2117 . -0.06
Exist_FD 970.29
Proposed 970.24

2017 . -0.05
Exist_FD 970.29
Proposed 970.11

1967 . -0.06
Exist_FD 970.17
Proposed 962.7

1179 . 0.01
Exist_FD 962.69
Proposed 961.5

1129 0.01
Exist_FD 961.49
Proposed 960.85

987 . 0
Exist_FD 960.85
Proposed 960.72

854 : 0.1
Exist_FD 960.82
Proposed 958.5

756 . -0.16
Exist_FD 958.66

621 Proposed 957.9 -1.09



River Station

455

320

206

200

9634

9163

8900

8722

8629

8427

8144

7988

7921

7736

7186

6897

6750

6694

6613

6553

Plan
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed

WSEL (ft)
958.99
957.84
959.18
957.78
959.26
954.76
959.25
954.32
956.72
972.42
972.42
972.29
972.3
972.29
972.29
972.28
972.29
967.82
967.82
964.79
964.79
961.95
961.97
962.35
962.37
959.7
959.7
959.62
959.62
959.34
959.34
959.57
959.57
959.61
959.61
959.59
959.58
958.75
958.76
958.26

Difference in WSEL (ft)

-1.34

-1.48

-4.49

-2.4

-0.01

-0.01

-0.02

-0.02

0.01

-0.01

-0.16



River Station

6494

6382

6274

6099

5717

5423

5265

4927

4599

4507

4018

3587

3275

2690

2459

2318

2249

2223

2058

1735

Plan
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed
Exist_FD
Proposed

WSEL (ft)
958.42
957.63
958.07
954.19
957.82
953.25
957.26
952.27
957.35
951.51
954.99
951.61
954.95
951.61
953.37
951.43
952.06
951.44
952.12
950.95
952.21
950.79
951.1
950.71
951.06
950.23
950.7
950.08
950.31
950.08
950.42
949.38
950.39
948.9
950.33
948.83
950.3
948.57
950.1
948.67

Difference in WSEL (ft)

-0.44

-3.63

-4.01

-5.08

-3.48

-3.34

-1.76

-0.63

-0.68

-1.26

-0.31

-0.35

-0.47

-0.23

-0.34

-1.01

-1.43

-1.47

-1.53

-1.4



Exist_FD 950.07
Proposed 948.37

1566 . -1.64
Exist_FD 950.01
Proposed 947.86

1522 . -2.02
Exist_FD 949.88
Proposed 947.83

1398 . -2.1
Exist_FD 949.93
Proposed 947.63

1285 . -2.12
Exist_FD 949.75
Proposed 946.34

1254 . -0.69
Exist_FD 947.03
Proposed 945.76

1102 . -0.62
Exist_FD 946.38
Proposed 943.84

395 i -0.65
Exist_FD 944.49
Proposed 942.49

336 i -0.54
Exist_FD 943.03
Proposed 943.19

312 . 0.02
Exist_FD 943.17
Proposed 943.25

77 . 0

Exist_FD 943.25

According to the original study, none of the road crossings have sufficient capacity to be in compliance with
the City’s drainage ordinance. In proposed conditions, overtopping depth remains the same or decreases at all
locations. Therefore, requirement #2 is met. These road crossings and overtopping information are shown in
Table 3 below.

Table 3: Road Overtopping Details

Brenda Hursh Channel

2860 Easy Street 2-year 0.79 2-year 0.79
1500  Fain School 2-year 1.17 2-year 1.17
Arlington
800 Street 2-year 0.82 2-year 0.75
Weeks
260 Street 2-year 2.36 2-year 0.84

Brenda Hursh Creek
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8700

7950

6700

6400

4550

2400

Within the HEC-HMS model, the 100-year peak flows were compared for ultimate conditions in existing and
proposed basins. Flows decreased at all computation nodes present in both models, meeting the requirement

Norman

Street >-year
Dunbarton
Drive #1 10-year
Dunbarton e
Drive #2
Weeks 5-year
Street
Brenda o
Hursh Drive
Midwestern 5
Pkwy -year

0.29

0.37

1.61

1.07

2.12

0.42

5-year
10-year
2-year
5-year
25-year

50-year

0.29

0.37

1.61

0.62

1.44

0.16

for #5 that the maximum increase must be less than 0.5%. The peak flows are shown below in Table 4.

Table 4: Peak Flows at Computation Nodes

BH-1 143.8
BH-2 354.7
BH-3 514.4
BH-4 545.4
BH-5 694.8
BH-6 566.8
BH-7 252.5
BH-8 3154
sypass [
Diversion-1 833.8
Diversion-2 1641.9
Diversion-3 1933.7
Diversion-4 1903.9
Diversion-5 1662.4
J-1 2452
J-BH 315.4
J-BH1 426.1
J-BH2 916.1

11

143.8
354.7
514.4
545.4
694.8
566.8
252.5
315.4
2452
833.7
289
822
1296
1380.6
1573.4
315.4
426.1
916.1

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

-0.01%
-82.40%
-57.49%
-31.93%
-16.95%
-35.83%

0.00%

0.00%

0.00%



Existing Peak Proposed Peak

Hydrologic Element Percent Change

Discharge Discharge
J-BH4 1958.8 822 -58.04%
J-BH5 2325.3 1296 -44.27%
J-BH6 1950.5 1411.8 -27.62%
J-BH7 1618.3 1375.7 -14.99%
J-T1 1089.9 1089.6 -0.03%
J-Trib 808.6 808.6 0.00%
oerfiow [N >
R-BH1 237.4 237.4 0.00%
R-BH2 417.7 417.7 0.00%
R-BH3 902.2 902.2 0.00%
R-BH4 1519.7 276.6 -81.80%
R-BH5 1877.7 809.1 -56.91%
R-BH6 1734.3 1092.4 -37.01%
R-BH7 1583.1 1257 -20.60%
R-Tribl 765.8 765.8 0.00%
R-Trib2 706.4 706.4 0.00%
T-1 241.3 241.3 0.00%
T-2 405.1 404.8 -0.07%
T-3 808.6 808.6 0.00%

Since the diversion sends flow into Holliday Creek, the capacity of Holliday Creek to handle this diversion was
also examined. Peak flows into Holliday Creek are controlled by Lake Wichita, which is located upstream of
Holliday Creek. According to the FIS study, the 1% annual chance event flow from Lake Wichita is 9,297 cfs.
The design flows for Holliday Creek range from 10,320 to 10,780 cfs, greater than the anticipated 100-year
event from Lake Wichita. Within the channel, there are cross sections of varying size. The cross section at the
proposed diversion outlet is smaller than at the location of the existing outlet. Since the proposed outlet will
experience about 2,400 cfs of increased flow, it is suggested that this area be given further evaluation. The
time to peak outflow from Lake Wichita and from the proposed outlet for Brenda Hursh will be very different,
so it is unlikely that there will peaks at the same time. Further study can be done with an expansion of the
HEC-RAS model for the Wichita River, which ends just after the project area, and by creating a HEC-HMS
model to model all drainage areas leading to these outlet points. Based on the results of these analyses,
alternatives could be developed based around the location of the proposed channel and pipe. However, at this
level of analysis, it is reasonable to assume that any negative impacts can be mitigated through further design.

Since this evaluation is at a planning level, further analysis will be required as the project progresses to final
design. At this stage, the Brenda Hursh project meets all requirements for the no adverse impact analysis.
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Memorandum

Date:  Thursday, June 16, 2022
Project.  Canadian — Upper Red Regional Flood Plan
To:  Scott Hubley, PE, Freese and Nichols, Inc.

From:  David Dunn, PE (Texas PE No. 82630)
Toby Li, EIT

Subject: Echo/Neta Lane Drainage Project FMP

The initial evaluation for this project was conducted in 2011 as a part of the Wichita Falls
Drainage Master Plan Update by Freese and Nichols, Inc. (FNI) . Excerpts from that study are
included as Exhibit 1.

There have been multiple reports near the Echo/Neta project area about standing water. The
Big State Grinding Company (4725 Jacksboro Hwy) and a resident at 5001 Joyce Blvd both
report standing water at their locations. The standing water is connected with an existing pipe
system, which conveys runoff from the east side of Jacksboro Hwy to the west under buildings
and across Neta Lane before discharging into an open channel north of the Edgemere Church
of Christ parking lot.

Model Analysis

FNI created an EPA SWMM model composed of 40 junction nodes, 51 conduit links and three
(3) outfalls. Street sections and natural drainage swales were modeled with irregular conduits
reflecting the geometry of the feature. Data for the existing pipe systems located within the
project area were taken from storm drain CAD files acquired from the City of Wichita Falls.

Summary of Improvements

FNI proposed an upgraded storm drain system with curb and gutter along Jacksboro Highway
beginning south of Echo Lane and reaching north to Norman Street. The system would then
turn to the west and run along Norman Street parallel to an existing storm drain system. This
system outfalls into a concrete-lined tributary of Brenda Hursh Creek. This system would
intercept discharge from the Ditto Lane watershed and eliminate spillover, which contributes to
flooding near Edgemere Church of Christ. The new system would have the capability to
eliminate flooding at 14 out of 18 structures for the 100-year storm event?. The following is an
excerpt of the detailed proposed improvements.

1 Wichita Falls, Texas, Drainage Master Plan Update, Project: ECHO/NETA LANE DRAINAGE
PROJECT, Freese and Nichols, Inc., 2011.

2 Note that the precipitation depths of these storm events were determined prior to the Atlas 14 update.
The 100-year 24-hour storm depth has not changed significantly in Wichita Falls, TX. NOAA Atlas 14

(weather.gov), figure 7.4

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
(972) 960-4400
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After the existing conditions study of the Echo Neta project area was completed, FNI
presented the results to the City along with proposed alternatives for discussion. It was
recommended that the proposed solution would be a storm drain system running from
south to north along Jacksboro Highway, then west on Norman Street and north on
Westridge Drive where it outfalls into the tributary of Brenda Hursh Creek at the same
location as the existing system in this area.

To improve flooding problems in the residential area along Echo and Ditto Lanes, the
proposed improvements would also include the excavation and regrading of the ditches
along these streets.

The proposed storm drain system for the Echo Neta project area begins on Jacksboro
Highway about 1050 LF south of Echo Lane. The proposed pipe begins with 1050 LF of
30” RCP and then transitions to a 7000 LF of 6’X3’ RCB at Echo Lane where four (4) 15-
foot inlets capture flow from the ditches on Echo and Ditto Lanes. In existing conditions,
flow on Echo Lane from the east side of Jacksboro Highway accumulates and spills over
Jacksboro Highway to the west, causing flooding problems. The proposed inlets at this
intersection are intended to capture flow from the ditches on Echo Lane before it spills
over Jacksboro Highway. As the proposed pipe reaches further north on Jacksboro
Highway, it transitions to 1000 LF 6’X4’ RCB that extends to the outfall. This section of
6°X4’ RCB begins on Jacksboro Highway about 310 LF south of Norman Street, runs
540 LF west on Norman Street and then 150 LF to the north on Westridge Drive where it
outfalls at the Brenda Hursh Tributary. The proposed pipe will share this outfall location
with the existing system that is located in the area. Exhibit 2 shows the alignment and
characteristics of this proposed pipe system.

In addition to the proposed pipe system described above, FNI also investigated the
extent of regrading that would be required in the ditches along Echo and Ditto Lanes to
provide sufficient capacity to reduce structure and road flooding in this residential
development. Using user defined cross sections in SWMM, iterations were performed to
determine what size the ditches in this area would need to be to provide adequate
drainage capacity. FNI recommends expanding the ditches along Echo and Ditto Lanes
to have a depth two feet, bottom with of two feet, and 4:1 side slopes, and regrading
them to fall to the north on Ditto Lane and then to the west on Echo Lane.

Modeling Results

In the original 2011 analysis, the hydraulic modeling results from EPA SWMM 5.0 show that the
proposed storm drain system for the Echo/Neta Lane project area would eliminate flooding for
14 out of 18 structures during the 1 percent annual chance (100-year) storm event. It would also
eliminate flooding for 11 out of 12 structures during the 10 percent annual chance (10-year)
storm event or smaller. Table 1 is from the 2011 report and summarizes results for the existing
and proposed conditions.

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
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Table 1. Echo/Neta Lane Drainage Project FMP inundation summary comparison

Summary of Inundation Depth by Frequency Event (ft)
2yr Syr 10 yr 25 yr 50 yr 100 yr
Existing 12 12 12 15 16 18
No. structures
Proposed 1 1 1 1 2 4
Existi 1.72 1.81 1.86 1.92 1.98 2.02
Max depth —
Proposed 0.49 0.65 0.74 0.87 0.98 1.08
Existi 0.36 0.56 0.63 0.12 0.14 0.14
Min depth —
Proposed 0.49 0.65 0.74 0.87 0.12 0.12
Existi 0.85 1.06 1.12 1.05 1.12 1.12
Average depth .
Proposed 0.49 0.65 0.74 0.87 0.55 0.39

Benefit-Cost Analysis

TWDB requires each project included as an FMP in a regional flood plan to have a benefit/cost
analysis (BCA) performed. Many flood mitigation studies document a computed benefit/cost
ratio (BCR) and those can be incorporated into the regional flood plan. For situations where a
BCR is not available for a project, TWDB has developed the BCA Input Tool® to facilitate
calculations of costs and benefits. It estimates flood damages for residential buildings before
and after construction of the flood mitigation project for up to three recurrence interval flood
events. Because the TWDB BCA Workbook calculates costs and benefits for only three
recurrence intervals, a combination of two workbooks were used to complete calculations for six
recurrence interval events (2-year, 5-year, 10-year, 25-year, 50-year, and 100-year). The BCA
Input Tool is intended to be used in conjunction with the Federal Emergency Management
Agency (FEMA) BCA Toolkit 6.0%, which calculates annual benefits from the information
compiled in the TWDB BCA Input Tool. The annual benefits data are then entered back into the
TWDB BCA Input Tool which then computes the resulting BCR for the project.

Project Costs

FNI estimated the total project cost to be $1,998,400 in the 2011 Drainage Master Plan®. A
Construction Cost Index (CCI) factor of 1.27 was applied to convert the costs from 2011 to 2020
dollars, resulting in a project cost of $2,537,968. The construction was set to begin and end in
2020 to simplify the calculation of the BCR.

Flood Damages Before and After Implementation of the FMP

Based on Table 1, average depths of flooding at 10 residential structures and 8 commercial
structures were entered into the TWDB BCA Input Workbook for the 2-year, 5-year, 10-year, 25-
year, 50-year, and 100-year events for both the existing and the proposed conditions.

The TWDB BCA Input Workbook includes flood damage-by-depth values for residential homes
and commercial buildings in Texas. With each flood depth, there is a corresponding flood
damage associated with the type of structure. The workbook sums damages for all structures to

3 https://www.twdb.texas.gov/flood/planning/planningdocu/2023/doc/BCA%20Workbook.zip
4 https://www.fema.gov/grants/quidance-tools/benefit-cost-analysis
5 Drainage Master Plan Update Project: ECHO/NETA Lane, page 6
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provide a comparison of damages before and after implementation of the FMP for each flood
event. The damages were then entered into the FEMA BCA Toolkit 6.0. By calculating the
annualized difference between the baseline and project damages for various return periods, The
FEMA BCA Tool produces the total annualized benefits of the project’s lifetime.

The total cost was entered into the TWDB BCA Input Workbook with estimated annual operation
and maintenance costs of 1% of the total capital cost for the assumed 30-year lifetime of the
project. The tool then was used to compute total costs for the project over the 30-year assumed
lifespan. The total annualized benefits as determined by the FEMA BCA Toolkit 6.0 were also
entered. The data are summarized in Figure 2, which is a screen capture of the Results tab from
the TWDB BCA Input Tool.

Note that the green shaded value of $2,956,975 represents the sum of the estimated total
benefits computed over the 30-year useful life at a discount rate of 7 percent, per FEMA
standards. The final BCR computed by the TWDB BCA Input Tool for the Echo/Neta Lane
Road Drainage Project FMP is 3.7, using the damages and benefits referenced to the 2-year,
5-year, 10-year, 25-year, 50-year, and 100-year events. The FMP removes 14 structures from
the 100-year floodplain, 14 structures from the 25-year floodplain, and just 11 structures from
flooding by 10-year and smaller events.

Input Into BCA Toolkit

Project Useful Life 30

Event Damages Baseline Project

25 - year storm $2,097,515 $76,589
50 - year storm $2,113,856 $79,402
100 - year storm $2,238,969 $166,170
Total Benefits from BCA Toolkit 510,618,491

Other Benefits (Not Recreation) S0

Recreation Benefits

Total Costs $2,852,905
Net Benefits $7,765,586
Net Benefits with Recreation $7,765,586
Final BCR 3.7
Final BCR with Recreation 3.7

Figure 2. BCA Workbook Results — Echo/Neta Lane Drainage Project FMP
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No Negative Impact Analysis

No Negative Impact of Flood Risk

An FMP must have no negative impacts on its neighboring area due to its implementation. No
negative impact means that a project will not increase flood risk of surrounding properties. The
increase in flood risk must be measured by the 1 percent annual chance (100-year) event water
surface elevation and peak discharge, using the best available data. It is recommended that no
rise in water surface elevation or discharge should be permissible, and that the analysis extent
must be vast enough to prove proposed project conditions are equal to or less than the existing
conditions.

For the purposes of regional flood planning efforts, a determination of no negative impact can
be established if stormwater runoff does not increase inundation of infrastructure such as
residential and commercial buildings and structures. Additionally, all of the following
requirements, per TWDB Technical Guidelines, should be met to establish no negative impact,
as applicable:

1. Stormwater does not increase inundation in areas beyond the public right-of-way, project
property, or easement.

2. Stormwater does not increase inundation of storm drainage networks, channels, and
roadways beyond design capacity.

3. Maximum increase of 1D Water Surface Elevation must round to 0.0 feet (<0.05 ft) measured
along the hydraulic cross-section.

4. Maximum increase of 2D Water Surface Elevations must round to 0.3 feet (<0.35 ft)
measured at each computation cell.

5. Maximum increase in hydrologic peak discharge must be <0.5 percent measured at
computation nodes (sub-basins, junctions, reaches, reservoirs, etc.). This discharge restriction
does not apply to a 2D overland analysis.

For the Echo/Neta Lane Drainage Project FMP, the EPA SWMM 5.0 model developed by FNI
was used to assess and develop the project. Since no 1D or 2D models are available, only
requirements #1, #2, and #5 apply. However, computed depths at all nodes in the SWMM
model decrease from existing to proposed conditions, meeting the intent of criteria #3 and #4.

In Table 1, the existing conditions were compared to conditions with the proposed
improvements. In addition, in the Drainage Master Plan, flood depths at all 18 structures during
a 100-year flood are compared for existing and proposed conditions.® The comparison shows
that the project does not increase flooding at any location, meeting criteria #1. In the existing
conditions, 18 structures are flooded by overflows. However, in the proposed conditions,

6 Drainage Master Plan Update Project: Echo/Neta Lane, Table 4.
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overtopping depths decrease at all structures, and this meets criteria #2. Within the project
limits, there is no location where water surface elevations for the 100-year flood rises.

A comparison of flows at the outlet between the existing and proposed conditions in the SWMM
model shows that the peak discharge at the system outlet would increase from 878 cfs to 928
cfs during a 100-year flood, which is an increase of 5.6 percent. While this is an increase
greater than the 0.5 percent allowed under criteria #5, during final design of the project a full
hydrologic and hydraulic study would be completed with the possibility of including some
detention in the project to decrease peak discharges. The final project would be designed and
constructed to conform to the City’s drainage/floodplain management criteria and flood planning
requirements. Therefore, no negative impacts are anticipated and criteria #5 is met.

No Environmental Impacts
TWDB requires that environmental impacts be assessed for all eligible FMPs. Environmental
impact categories include

a. water quality;

b. cultural heritage;

c. habitat, biodiversity and ecology;
d. air quality;

e. natural resources; and

f. agricultural resources/properties.’

With the nature of the urban drainage improvement project, none of the above is applicable for
the Echo/Neta Lane Drainage Project FMP.

Populating the RFPG required Tables 13 & 16

TWDB requires that Tables 138 & 16° be populated along with the submission of the report and
geodatabase. The required attributes are populated as follows. First, basic project information
(name, description, etc.) are extracted from the 2011 FNI study!°. Second, the project extents
are drawn into GIS, and after doing so, spatial attributes are obtained by overlapping spatial
layers (HUC12s, watersheds, etc.). Third, floodplain inundation information is extracted from the
modeling results of the 2011 study (area in 100-yr floodplain, number of structures at 100-yr
flood risk, etc.) for both pre-project and post-project conditions. Finally, benefit-and-cost related
attributes are derived from the BCA performed in this study (cost, benefit-cost ratio, etc.).

Table 2 is a summary of key information in Tables 13 and 16 for the Echo/Neta Lane Drainage
Project. The estimated number of structures at 100-year risk equals the number of structures in
the 100-year floodplain. Population is estimated based on three persons per structure. The
estimated length of roads at 100-year flood risk is measured from the length of roads inundated
within the 100-year floodplain. The post-project level-of-service is determined by the recurrence

7 Exhibit C Technical Guidelines for Regional Flood Planning, page 127.

8 Exhibit C Technical Guidelines for Regional Flood Planning, page 63.

9 Exhibit C Technical Guidelines for Regional Flood Planning, page 75.

10 Wichita Falls, Texas, Drainage Master Plan Update, Project: ECHO/NETA LANE DRAINAGE
PROJECT, Freese and Nichols, Inc., 2011.
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interval of the flood event in which no structures would be flooded. Finally, the cost/structure
removed equals the total cost divided by the total number of structures.

Table 2. Project highlights from Tables 13 and 16

FMP Name

Associated Goals
Watershed Name
Project Area (sq mi)

Areain 100-yr (1% annual chance) Floodplain (sq mi)
Estimated number of structures at 100-yr flood risk
Estimated Population at 100-year flood risk
Estimated length of roads at 100-year flood risk (miles)

Number of Structures removed from 100-yr (1% annual
chance) flood risk

Pre-Project Level-of-Service
Post-Project Level-of-Service
Cost/Structure removed
Social Vulnerability Index (SVI)
Benefit-Cost Ratio

Echo/Neta Lane
Drainage Project

2001, 2002
Holliday Creek
0.2696
0.0079
18
54
0.09

14

Unknown
50% annual
$203,779
0.237
3.7

Exhibit 1: Excerpts from Wichita Falls Drainage Master Plan, Project: Echo/Neta Lane

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232

(972) 960-4400
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1j Drainage Master Plan Update s

| T— Project: ECHO/NETA LANE DRAINAGE PROJECT [ I

Wickits Tl

TEXAS =
Blue Skies. Golen Qpportunitics CORNERSTONE
Project Information Project Photos

Project ID: Area_18 Status: Studied
Project Name: ECHO/NETA LANE DRAINAGE PROJECT Council District: 4
Project Type:  Pipe System Panel #: 85D
Date Identified: 1997 # Structures Impacted: 18

Problem Description:
Reports of standing water have been received from the Big State Grinding company located at 4725
Jacksboro Hwy. The report states that ponding water covers the entire parking lot. The resident at
5001 Joyce reported ponding water in road side ditches along Ditto Lane. An existing pipe system
conveys runoff from the east side of Jacksboro Hwy to the west under buildings and across Neta Lane
before discharging into an open channel north of the Edgemere Church of Christ parking lot. This
project was studied in 2011 FNI Master Plan Update.

Proposed Improvements:

Looking north along Ditto Lane.

Install a storm drain system with curb and gutter along Jacksboro Highway beginning south of Echo
Lane and reaching north to Norman Street. The system would then turn to the west and run along
Norman Street parallel to an existing storm drain system, outfalling into a concrete-lined tributary of
Brenda Hurch Creek. This system would intercept from from the Ditto Lane watershed and eliminate
spillover which is contributing to flooding near Edgemere Church of Christ.

CIP Ranking Criteria

Weight Score Project Costs

11.83 Life Safety/Road Flooding: 3 Conceptual Cost $1,000,000 to $2,000,000

8.84 Property Damage: 3 Range:

8.66 Frequency of Flooding: 5 Est. Construction $1,998,400.00

5.34 Project Cost: 2 Cost:

5.33 Maintenance Cost/Work Orders: 1
Total Weighted Point Score: 1213 Looking north on Jacksboro Highway
CIP Rank: 9

Wichita Falls, Texas 4/11/2011 Page 17 of 65
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ECHO NETA

Background

The Echo/Neta project area is located north of Southwest Parkway and along Jacksboro
Highway. The project area is comprised of single family residential on the west of Jacksboro
Highway and mostly commercial development on the east. The area was developed with bar
ditches as the primary means of conveying runoff. Runoff in the Echo/Neta drainage area is
designed to drain to two separate tributaries of Brenda Hursh Creek, a naturally lined tributary
west of Neta Lane and a concrete lined channel north of Norman Street. Runoff on the east of
Ditto Lane is located on the Kickapoo Airport property is conveyed north through large drainage
ditches between runways and culverts before being intercepted by an existing pipe system at
the Jacksboro Highway and Norman Street intersection and discharging into the concrete lined
tributary west of Westridge Drive.

Problem Description

Reports of flooding were received in various locations within the project area including
buildings at Neta Lane and Jarmon Street intersection, at Echo Lane and Jacksboro Highway,
and on the east of Jacksboro Highway at the Norman Street intersection. Photo 1 below shows
the bar ditches along Ditto Lane.

Photo 1 - Looking south at bar ditches on Ditto Lane.

Wichita Falls Drainage Master Plan Update 1
City of Wichita Falls, Wichita County, Texas
4/8/2011
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Existing Conditions Analysis

FNI performed an existing conditions analysis of the Echo/Neta drainage area and the drainage
swales and existing pipe systems to determine the extents of flooding in the area. EPA SWMM
5.0 was used for the hydrologic and hydraulic analyses of this area.

Hydrology

The drainage area that discharges into the naturally lined tributary is approximately 56 acres
and consists of mainly medium density residential development with some commercial
development along the west side of Jacksboro Highway. The drainage area is bordered by
Jacksboro Highway on the east, Southwest Parkway on the south, and roughly by Hollandale
Avenue on the west. For the hydrologic study, the drainage area was broken up into ten (10)
subcatchments ranging in size from 2.06 to 9.55 acres. Curve numbers for each sub basin were
calculated based on soil type and future land use provided by the City.

Runoff from this area drains through the curb and gutter street to the north and then
intercepted by 2-5’ curb inlets on Neta Lane north of the Greenbriar Road intersection. A 42”
RCP conveys the runoff approximately 270 feet northwest across a church parking lot and
outfalls into a natural channel on an empty lot which is the beginning of Brenda Hursh Creek. A
small portion of the drainage area, 7.76 acres, located north of Jarmon Street flows south down
Neta Lane and is conveyed west by a flume at the intersection of Neta Lane and Jarmon Street
and outfalls into the natural channel.

The drainage area that discharges into the concrete lined tributary is approximately 139 acres
and consists of mainly commercial development and the Kickapoo Airport with some medium
residential development along Echo Lane and west of Ditto Lane. The drainage area is
bordered by the airport on the east, Southwest Parkway on the south, and roughly by Jacksboro
Highway on the west and Glendale Drive on the north. For the hydrologic study, the drainage
area was broken up into twelve (12) subcatchments ranging in size from 4.58 to 18.56 acres.
Curve numbers for each sub basin were calculated based on soil type and future land use
provided by the City.

Runoff from this area drains north through bar ditches or drainage swales. On the east side of
the drainage area runoff from the airport is conveyed through drainage swales between the
runways. Culverts convey the runoff from runway to runway and outfall into a detention pond
on the airport property that was constructed in 2006 based on as built plans obtained from the
City. The detention pond outfalls into a drainage swale that is intercepted by a 5’x3’ RCB
headwall located east of the Norman Street and Jacksboro Highway intersection. The pipe
system conveys flow to the west and outfalls into a concrete lined channel north of Norman

Wichita Falls Drainage Master Plan Update 2
City of Wichita Falls, Wichita County, Texas
4/8/2011
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Street that flows west and discharges into Brenda Hursh Creek north of Norman Street. Along
Ditto Lane runoff is conveyed through bar ditches of varying sizes. At the Echo Lane intersection
flow is conveyed west on Echo Lane towards an 18” RCP at the Jacksboro Highway intersection
that is meant to convey the flow north and into the Jacksboro Highway bar ditches that are
eventually intercepted by the Norman Street pipe system mentioned earlier. However, the 18”
RCP has a capacity of approximately 8 cfs and the 100-year storm flow to the culvert is
approximately 219 cfs. The inadequacy of the culvert results in approximately 125 cfs
overtopping Jacksboro Highway and sheet flowing to the west into the adjacent drainage area
of the naturally lined culvert.

Hydraulics

Along with the hydrologic model, FNI also constructed a hydraulic model using SWMM for the
Echo/Neta study area. The system was modeled to determine the depths of flow at critical
areas in order to identify locations of inundated structures as well as exceeded right-of-way.
A hydraulic model made up of 40 junctions, 51 links, and 3 outfalls was developed to represent
storm water runoff through this area. The street sections and natural drainage swales were
modeled as irregular channels with appropriate Manning’s n-values to show the geometry of
the feature and any overbank flow that might occur. Data for the existing pipe systems located
within the project area were taken from storm drain CAD files acquired from the City of Wichita
Falls.

Existing Conditions Results

Existing analysis of the area that discharges into the naturally lined channel shows that runoff in
the street is contained within the ROW at a depth of 1 foot until the Neta Lane and Greenbriar
Road intersection. Depths at this location are between 1.11 and 1.62 feet and are likely caused
by the 125 cfs of overflow across Jacksboro Highway at the Echo Lane intersection which is
directed towards this location.

Existing analysis of the area that discharges into the concrete lined channel shows depths in bar
ditches ranging from 1.28 to 3.25 feet. The highest depths are along Ditto Lane and Echo Lane.
When the bar ditches are exceeded they will overflow into the surrounding residential
properties that are at the same elevation as the road in most areas and could cause potential
flooding. The detention pond on the airport property has adequate capacity for the 100-year
storm event. The pipe system at Norman Street and Jacksboro Highway is adequate but the
intercepting headwalls located on the east side of Jacksboro Highway in front of 4701 Jacksboro
Highway and on the side of 4625 Jacksboro Highway result in headwater elevations of 1.93 and
3.8 feet respectively that could cause potential flooding for surrounding properties.

Wichita Falls Drainage Master Plan Update 3
City of Wichita Falls, Wichita County, Texas
4/8/2011
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Based on the existing analysis and the node depths in Table 2 there are eighteen (18) structures
that have the potential to be flooded during the 100-year storm event for the Echo/Neta
project area. Table 4 shows the properties flooding during the 100-year storm event and that
are shown on Exhibit 1. A summary of flooded structures by storm event is shown in Table 3.
Finished floors were estimated at 0.5 feet above the lowest adjacent grade based on site visit
observation and two-foot topography.

Proposed Improvements

After the existing conditions study of the Echo Neta project area was completed, FNI presented
the results to the City along with proposed alternatives for discussion. It was recommended
that the proposed solution would be a storm drain system running from south to north along
Jacksboro Highway, then west on Norman Street and north on Westridge Drive where it outfalls
into the tributary of Brenda Hursh Creek at the same location as the existing system in this
area.

To improve flooding problems in the residential area along Echo and Ditto Lanes, the proposed
improvements would also include the excavation and regrading of the ditches along these
streets.

Proposed Storm Drain System

The proposed storm drain system for the Echo Neta project area begins on Jacksboro Highway
about 1050 LF south of Echo Lane. The proposed pipe begins with 1050 LF of 30” RCP and then
transitions to a 1000 LF of 6’X3’ RCB at Echo Lane where four (4) 15-foot inlets capture flow
from the ditches on Echo and Ditto Lanes. In existing conditions, flow on Echo Lane from the
east side of Jacksboro Highway accumulates and spills over Jacksboro Highway to the west,
causing flooding problems. The proposed inlets at this intersection are intended to capture
flow from the ditches on Echo Lane before it spills over Jacksboro Highway. As the proposed
pipe reaches further north on Jacksboro Highway, it transitions to 1000 LF 6’X4’ RCB that
extends to the outfall. This section of 6’X4" RCB begins on Jacksboro Highway about 310 LF
south of Norman Street, runs 540 LF west on Norman Street and then 150 LF to the north on
Westridge Drive where it outfalls at the Brenda Hursh Tributary. The proposed pipe will share
this outfall location with the existing system that is located in the area. Exhibit 2 shows the
alignment and characteristics of this proposed pipe system.

In addition to the proposed pipe system described above, FNI also investigated the extent of
regrading that would be required in the ditches along Echo and Ditto Lanes to provide sufficient
capacity to reduce structure and road flooding in this residential development. Using user
defined cross sections in SWMM, iterations were performed to determine what size the ditches
in this area would need to be to provide adequate drainage capacity. FNI recommends

Wichita Falls Drainage Master Plan Update 4
City of Wichita Falls, Wichita County, Texas
4/8/2011
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expanding the ditches along Echo and Ditto Lanes to have a depth two feet, bottom with of two
feet, and 4:1 side slopes, and regrading them to fall to the north on Ditto Lane and then to the
west on Echo Lane.

Results

An analysis of the proposed improvements described above was performed to determine the
amount of flooding that would be eliminated after implementation. Tables 3 and 4 provide a
summary of the difference in flooding from existing to proposed conditions. The results show
that the proposed storm drain system for the Echo Neta project area would eliminate potential
flooding in 14 out of 18 homes for the area in the 100-year storm event. The flooding risk in
the remaining four homes is independent of the Echo Neta drainage area, but instead is caused
by backwater in the storm drain system on Neta Lane. The SWMM model developed by FNI
showed that in existing conditions, approximately 125 cfs of runoff flows across Jackboro
Highway on Neta Lane, flooding homes to the west of the highway. According to the proposed
model, the proposed inlets and pipe system on eliminate all runoff that flows over Jacksboro
Highway and redirects it to the north.

An opinion of probable construction cost was developed for the proposed improvements to the
Echo Neta study area. The estimated construction cost for the improvements described in this
section is approximately $1,998,400. A detailed breakdown of the cost analysis for the Echo
Neta project area is shown in Table 1. FNI suggests that the City implement the proposed
solutions as described above to resolve flooding problems in the area.

Wichita Falls Drainage Master Plan Update 5
City of Wichita Falls, Wichita County, Texas
4/8/2011
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PROPOSED STORM DRAIN SYSTEM
CITY OF WICHITA FALLS - DRAINAGE MASTERPLAN UPDATE

ACCOUNT NO. ESTIMATOR CHECKED BY DATE
WCH09429 BAM April 9, 2011
ITEM DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
General
Traffic Control 6.0 [ MO $5,000.00 $30,000.00
Site Preparation 1.0| AC $25,000.00 $25,000.00
Erosion Control and SWPPP Implementation 1.0| LS $5,000.00 $5,000.00
General Item Subtotal $60,000.00
Storm Drain
Trench Safety 3,100.0 [ LF $2.00 $6,200.00
Install 30" RCP 1,050.0 | LF $50.00 $52,500.00
Install 6'X3' RCB 1,000.0 | LF $170.00 $170,000.00
Install 6'X4' RCB 1,000.0 | LF $180.00 $180,000.00
Install 18" RCP Lateral 160.0 [ LF $35.00 $5,600.00
Install Manhole 40| EA $3,000.00 $12,000.00
Install 10" Curb Inlet 8.0 EA $3,500.00 $28,000.00
Install 15' Curb Inlet 8.0 EA $4,000.00 $32,000.00
Install Headwall 10| EA $20,000.00 $20,000.00
Storm Drain Subtotal $506,300.00
Utility Adjustments
Remove and Replace 8" PVC Water Line 1,160.0 | LF $48.00 $55,680.00
Remove and Replace 6" PVC Water Line 1,250.0 | LF $36.00 $45,000.00
Remove and Replace 2" PVC Water Line 1,250.0 | LF $12.00 $15,000.00
Remove and Replace 6" PVC Sewer Line 3,000.0 [ LF $36.00 $108,000.00
Trench Safety for Water Line 3,660.0 [ LF $1.00 $3,660.00
Trench Safety for Sewer Line 3,175.0 | LF $1.00 $3,175.00
Connections to Existing Water Line 20| EA $1,000.00 $2,000.00
Connections to Existing Sewer Line 20| EA $1,000.00 $2,000.00
Utility Adj. Subtotal $234,515.00
Paving
Asphalt Pavement Saw, Remove and Dispose 10,400.0 [ SY $6.00 $62,400.00
6" Stabilized Subgrade Install 10,400.0 | SY $2.50 $26,000.00
6" Asphalt Pavement 10,400.0 | SY $33.00 $343,200.00
Concrete Curb remove and replace 6,200.0 | LF $4.00 $24,800.00
Ditch Regrading 2,500.0 [ LF $12.00 $30,000.00
Paving Subtotal $486,400.00
SUBTOTAL: $1,287,215.00
MOBILIZATION 5| % $64,360.75 $64,360.75
CONTINGENCY 30| % $386,164.50 $386,164.50
SUBTOTAL: $1,737,740.00
|[ENGINEERING FEES 15[ % | $260,661.00 | $260,661.00

PROJECT TOTAL $1,998,400.00
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Table 2 - Hirschi-Huskie existing conditions maximum node depths
Node Type Maximum Depth (feet)
2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
J-Al JUNCTION 0.36 0.42 0.46 0.50 0.54 0.57
J-AP1 JUNCTION 0.34 0.44 0.49 0.58 0.65 0.71
J-AP2 JUNCTION 1.09 1.31 1.43 1.59 1.73 1.84
J-AP3 JUNCTION 1.28 1.96 2.36 2.94 3.40 3.78
J-D1 JUNCTION 1.04 1.22 1.32 1.42 1.48 1.52
J-D2 JUNCTION 0.93 1.06 1.13 1.23 1.29 1.34
J-E1 JUNCTION 1.38 1.48 1.50 1.60 1.69 1.75
J-E2 JUNCTION 1.22 1.31 1.36 1.42 1.47 1.52
J-EP1 JUNCTION 2.67 2.76 2.81 2.89 2.96 3.02
J-Grl JUNCTION 0.48 0.56 0.61 0.67 0.72 0.76
J-Gr2 JUNCTION 0.58 0.68 0.73 0.80 0.88 0.92
J-Gr3 JUNCTION 0.71 0.83 0.90 0.97 1.04 1.11
J-J1 JUNCTION 1.44 1.47 1.52 1.59 1.63 1.66
J-J1a JUNCTION 1.16 1.26 1.30 1.35 1.40 1.44
J-J2 JUNCTION 1.21 1.29 131 1.39 1.45 1.48
J-J3 JUNCTION 1.08 1.24 1.26 1.33 1.39 1.44
J-Mel JUNCTION 0.40 0.46 0.50 0.55 0.59 0.63
J-Mil JUNCTION 0.64 0.70 0.73 0.78 0.81 0.85
J-N1 JUNCTION 0.35 0.41 0.44 0.48 0.52 0.55
J-N2 JUNCTION 0.76 0.90 0.96 1.05 1.13 1.19
J-N3 JUNCTION 1.18 1.31 1.39 1.52 1.64 1.74
J-N3A JUNCTION 0.86 1.57 1.69 1.84 1.93 2.01
J-N4 JUNCTION 0.99 1.15 1.24 1.40 1.58 1.73
J-Nol JUNCTION 0.32 0.37 0.40 0.49 0.56 0.64
J-NP1 JUNCTION 1.06 1.82 2.28 2.53 2.56 2.59
J-NP2 JUNCTION 5.27 6.15 6.56 6.74 6.74 6.74
J-W1 JUNCTION 0.45 0.51 0.55 0.60 0.65 0.68
J-W2 JUNCTION 0.55 0.63 0.68 0.75 0.81 0.88
J-W3 JUNCTION 0.48 0.55 0.60 0.66 0.70 0.76
J-W4 JUNCTION 1.29 1.43 1.52 1.64 1.74 1.88
0-A JUNCTION 0.65 0.78 0.83 0.89 0.93 0.96
0-w1 JUNCTION 1.56 1.79 1.90 2.06 2.20 2.42
P-Al JUNCTION 1.28 1.75 1.98 2.37 2.71 3.03
P-A2 JUNCTION 1.35 1.82 2.02 2.36 2.61 2.79
P-J1 JUNCTION 1.56 1.92 1.98 2.08 2.15 2.21
P-W1 JUNCTION 3.33 4.28 4.69 5.27 5.73 6.11
P-W2 JUNCTION 2.67 3.17 3.31 3.50 3.64 3.75
P-W3 JUNCTION 2.22 2.47 2.57 2.71 2.79 2.85
P-w4 JUNCTION 2.50 2.84 2.99 3.20 3.35 3.46
P-W5 JUNCTION 1.97 2.22 2.32 2.48 2.66 2.81
O-BH OUTFALL 1.80 1.80 1.90 2.06 2.20 2.42
0O-N1 OUTFALL 5.33 5.33 5.33 5.33 5.33 5.33
O-N2 OUTFALL 0.99 1.14 1.24 1.40 1.58 1.73
Wichita Falls Drainage Master Plan Update 7

City of Wichita Falls, Wichita County, Texas
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Table 3 — Echo Neta Summary Comparison of Inundation Depths

Summary of Inundation Depth by Frequency Event (ft)
2yr 5yr 10 yr 25 yr 50 yr 100 yr
No. structures Existing 12 12 12 15 16 18
Proposed 1 1 1 1 2 4
Max depth Existing 1.72 1.81 1.86 1.92 1.98 2.02
Proposed 0.49 0.65 0.74 0.87 0.98 1.08
Min depth Existing 0.36 0.56 0.63 0.12 0.14 0.14
Proposed 0.49 0.65 0.74 0.87 0.12 0.12
Existing 0.85 1.06 1.12 1.05 1.12 1.12
Average depth
Proposed 0.49 0.65 0.74 0.87 0.55 0.39
Table 4 - Echo Neta Inundation Depth Comparison
100-yr 100-yr
Existin Proposed
Address Inundatiin InunF()iation
Depth Depth
5000 | DITTO 1.25
5001 | DITTO 1.25
5002 | DITTO 1.25
5004 | DITTO 1.25
5006 | DITTO 1.25
5008 | DITTO 1.25
5018 | DITTO 0.84
1310 | ECHO 2.02 0.18
2210 | JARMON 1.51
1400 | MICHNA 2.02
4724 | NETA 1.23 1.08
4728 | NETA 0.24 0.12
1412 | MICHNA 0.35
4509 | JACKSBORO 0.28
4625 | JACKSBORO 1.28
4701 | JACKSBORO 1.28
4729 | JACKSBORO 0.25
4646 | JACKSBORO 0.14 0.18
Number of Homes
Flooded 18 4
Wichita Falls Drainage Master Plan Update 8

City of Wichita Falls, Wichita County, Texas
4/8/2011
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Memorandum

Date:  Thursday, June 16, 2022
Project.  Canadian — Upper Red Regional Flood Plan
To:  Scott Hubley, PE, Freese and Nichols, Inc.

From:  David Dunn, PE (Texas PE No. 82630)
Toby Li, EIT

Subject:  Hirschi-Huskie FMP

The initial evaluation for this project was conducted in 2011 as a part of the Wichita Falls
Drainage Master Plan Update by Freese and Nichols, Inc. (FNI) . Excerpts from that study are
included as Exhibit 1.

Owner of 1011 Hirschi complained about poor drainage and weeds in the street. The area is
within a FEMA Zone AE floodplain and partially within the floodway. Box culverts containing
East Plum Creek from lowa Park Road to Ridgeway Drive have partially collapsed. In addition,
study and field survey determined that the box culverts are on a local high point and do not
carry any drainage area. This project was studied in 2011 FNI Master Plan Update.

Model Analysis

FNI created an EPA SWMM model composed of 18 junction nodes and four (4) outfalls. Street
flow was modeled with irregular conduits reflecting the geometry of the street. All outfalls are
connected to a tributary of East Plum Creek. Note that no model analysis was performed for the
proposed conditions, only the existing conditions.

Summary of Improvements

FNI proposed to extend the existing storm drain system on Huskie Drive to reach to the north
and south on Hirschi Lane. Additionally, FNI also proposed to acquire properties along the north
side of lowa Park Road between Hirschi Lane and Ridgeway Drive. The existing box culverts
that are meant to drain this property are damaged and do not carry any drainage from this area.
These boxes would be left in place. The following is an excerpt of the detailed proposed
improvements.

After the existing conditions study of the Hirschi-Huskie project area was completed, FNI
presented the results to the City along with proposed alternatives for discussion. FNI proposed
to the City that to alleviate the flooding problems in this study area, one or both of the following
options should be considered.

1 Wichita Falls, Texas, Drainage Master Plan Update, Project: HHRSCHI-HUSKIE, Freese and Nichols,
Inc., 2011.
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Solution A: Extend the existing storm drain system located on Huskie Drive to reach further to
the west along Hirschi Lane. Many complaints of flooding in the area are due to water ponding
around the intersection of these two streets causing vegetation growth in the street.

Solution B: Acquire the three properties that are negatively impacted by the East Plum Creek
culvert and leave the system as is. These two solutions are separate in part from each other
and either one can be implemented independently of the other.

Further detailed descriptions of solutions A and B can be found in the Wichita Falls Drainage
Master Plan Update: Hirschi-Huskie, page 4 (Exhibit 1). The FNI report recommends both
options be implemented.

Modeling Results

In the original 2011 analysis, the hydraulic modeling results from EPA SWMM 5.0 show that for
existing conditions, the Hirschi-Huskie area would have 35 structures flooded during a 100-year?
storm event with an inundation depth of 0.29 feet or less for all but one structure. No modeling
results were documented for post-project conditions. Table 1 is from the 2011 report and
summarizes results for the existing conditions.

Table 1. Hirschi-Huskie FMP inundation summary comparison

Summary of Inundation Depth by Frequency Event (ft)
2yr 5yr 10 yr 25 yr 50 yr 100 yr
No. structures 0 0 0 1 25 35
Max depth 0.00 0.00 0.00 0.37 0.72 1.10
Min depth 0.00 0.00 0.00 0.37 0.12 0.15
Average depth 0.00 0.00 0.00 0.37 0.17 0.28

2 Note that the precipitation depths of these storm events were determined prior to the Atlas 14 update.
The 100-year 24-hour storm depth has not changed significantly in Wichita Falls, TX. NOAA Atlas 14

(weather.gov), figure 7.4

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
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Benefit-Cost Analysis

TWDB requires each project included as an FMP in a regional flood plan to have a benefit/cost
analysis (BCA) performed. Many flood mitigation studies document a computed benefit/cost
ratio (BCR) and those can be incorporated into the regional flood plan. For situations where a
BCR is not available for a project, TWDB has developed the BCA Input Tool® to facilitate
calculations of costs and benefits. It estimates flood damages for residential buildings before
and after construction of the flood mitigation project for up to three recurrence interval flood
events. Three recurrence events with houses flooded are analyzed in this BC analysis: 25-year,
50-year, and 100-year.

The BCA Input Tool is intended to be used in conjunction with the Federal Emergency
Management Agency (FEMA) BCA Toolkit 6.0, which calculates annual benefits from the
information compiled in the TWDB BCA Input Tool. The annual benefits data are then entered
back into the TWDB BCA Input Tool which then computes the resulting BCR for the project.

Project Costs

FNI estimated the total project cost to be $479,800 in the 2011 Drainage Master Plan®. 2020
appraisal values are used for the three proposed property acquisitions®. Table 2 presents the
appraised values of the three properties in 2011 and 2020. A Construction Cost Index (CCl)
factor of 1.27 was applied to convert the non-acquisition costs from 2011 to 2020 dollars,
resulting in a project cost of $562,666. The construction was set to begin and end in 2020 to
simplify the calculation of the BCR.

Table 2. Proposed Properties to Acquire with Appraised Values 2011 vs. 2020

Address 2011 2020
2808 lowa Park $40,536. $4,288.1
2812 lowa Park $33,058. $37,725.
2830 lowa Park $74,830. $99,805.
Total $148,424. $141,818.
1. Structure appears to have been demolished.

Flood Damages Before and After Implementation of the FMP

Based on Table 1, average depths of flooding at 35 residential structures were entered into the
TWDB BCA Input Workbook for the 25-year, 50-year, and 100-year events for the existing
conditions. Since there is no modeling for proposed conditions available, this analysis assumes
that the project mitigates flooding for all structures.

The TWDB BCA Input Workbook includes flood damage-by-depth values for residential homes
and commercial buildings in Texas. With each flood depth, there is a corresponding flood
damage associated with the type of structure. The workbook sums damages for all structures to

3 https://www.twdb.texas.gov/flood/planning/planningdocu/2023/doc/BCA%20Workbook.zip
4 https://www.fema.gov/grants/quidance-tools/benefit-cost-analysis

5 Drainage Master Plan Update Project: HIRSCHI-HUSKIE, page 7

6 Wichita County Central Appraisal District
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provide a comparison of damages before and after implementation of the FMP for each flood
event. The damages were then entered into the FEMA BCA Toolkit 6.0. By calculating the
annualized difference between the baseline and project damages for various return periods, The
FEMA BCA Tool produces the total annualized benefits of the project’s lifetime.

The total cost was entered into the TWDB BCA Input Workbook with estimated annual operation
and maintenance costs of 1% of the total costs for the assumed 30-year lifetime of the project.
The tool then was used to compute total costs for the project over the 30-year assumed
lifespan. The total annualized benefits as determined by the FEMA BCA Toolkit 6.0 were also
entered. The data are summarized in Figure 2, which is a screen capture of the Results tab from
the TWDB BCA Input Tool.

Note that the green shaded value of $491,659 represents the sum of the estimated maximum
benefits computed over the 30-year useful life at a discount rate of 7 percent, per FEMA
standards. This estimation assumes the maximum effects of flood reduction, where all
structures are removed from the 100-year floodplain. The final BCR computed by the
TWDB BCA Input Tool for the Hirschi-Huskie FMP is 0.8, using the damages and benefits
referenced to the 25-year, 50-year, and 100-year events. The FMP is assumed to remove 35
structures from the 100-year floodplain, 25 structures from the 50-year floodplain, and one
structure from flooding by 25-year events and smaller.

No Negative Impact Analysis

No Negative Impact of Flood Risk

An FMP must have no negative impacts on its neighboring area due to its implementation. No
negative impact means that a project will not increase flood risk of surrounding properties. The
increase in flood risk must be measured by the 1 percent annual chance (100-year) event water
surface elevation and peak discharge, using the best available data. It is recommended that no
rise in water surface elevation or discharge should be permissible, and that the analysis extent
must be vast enough to prove proposed project conditions are equal to or less than the existing
conditions.

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
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Input Into BCA Toolkit

Project Useful Life 30

Event Damages Baseline Project

25 - year storm $57,625 SO
50 - year storm $1,287,028 S0
100 - year storm $1,867,191 SO
Total Benefits from BCA Toolkit 5491,659

Other Benefits (Not Recreation) S0

Recreation Benefits -

Total Costs $632,487
Net Benefits -$140,828
MNet Benefits with Recreation -$140,828
Final BCR 0.8
Final BCR with Recreation 0.8

Figure 2. BCA Workbook Results — Hirschi-Huskie FMP

For the purposes of regional flood planning efforts, a determination of no negative impact can
be established if stormwater runoff does not increase inundation of infrastructure such as
residential and commercial buildings and structures. Additionally, all of the following
requirements, per TWDB Technical Guidelines, should be met to establish no negative impact,
as applicable:

1. Stormwater does not increase inundation in areas beyond the public right-of-way, project
property, or easement.

2. Stormwater does not increase inundation of storm drainage networks, channels, and
roadways beyond design capacity.

3. Maximum increase of 1D Water Surface Elevation must round to 0.0 feet (<0.05 ft) measured
along the hydraulic cross-section.

4. Maximum increase of 2D Water Surface Elevations must round to 0.3 feet (<0.35 ft)
measured at each computation cell.

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
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5. Maximum increase in hydrologic peak discharge must be <0.5 percent measured at
computation nodes (sub-basins, junctions, reaches, reservoirs, etc.). This discharge restriction
does not apply to a 2D overland analysis.

For the Hirschi-Huskie FMP, the EPA SWMM 5.0 model developed by FNI was used to assess
and develop the project. Since no 2D model is available, only requirements #1, #2, $3, and #5
apply. Given the limited data available and the limited extents of the proposed improvements,
criteria #1, #2, #3, and #5 would be met by the project.

No Environmental Impacts
TWDB requires that environmental impacts be assessed for all eligible FMPs. Environmental
impact categories include

a. water quality;

b. cultural heritage;

c. habitat, biodiversity and ecology;
d. air quality;

e. natural resources; and

f. agricultural resources/properties.’

With the nature of the urban drainage improvement project, none of the above is applicable for
the Hirschi-Huskie FMP.

Populating the RFPG required Tables 13 and 16

TWDB requires that Tables 132 and 16° to be populated along with the submission of the report
and geodatabase. The required attributes are populated as follows. First, basic project
information (name, description, etc.) are extracted from the 2011 FNI study'°. Second, the
project extents are drawn into GIS, and after doing so, spatial attributes are obtained by
overlapping spatial layers (HUC12s, watersheds, etc.). Third, floodplain inundation information
is extracted from the modeling results of the 2011 study (area in 100-yr floodplain, number of
structures at 100-yr flood risk, etc.) for both pre-project and estimated post-project conditions.
Finally, benefit-and-cost related attributes are derived from the BCA performed in this study
(cost, benefit-cost ratio, etc.)

Table 2 is a summary of key information in Tables 13 and 16 for Hirschi-Huskie. The estimated
number of structures at 100-year risk equals the number of structures in the 100-year floodplain.
Population is estimated based on three persons per structure. The estimated length of roads at
100-year flood risk is measured from the length of roads inundated within the 100-year
floodplain. The post-project level-of-service is determined by the recurrence interval of the flood

7 Exhibit C Technical Guidelines for Regional Flood Planning, page 127.

8 Exhibit C Technical Guidelines for Regional Flood Planning, page 63.

9 Exhibit C Technical Guidelines for Regional Flood Planning, page 75.

10 Wichita Falls, Texas, Drainage Master Plan Update, Project: HIRSCHI - HUSKIE, Freese and Nichols,
Inc., 2011.
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event in which no structures would be flooded. Finally, the cost/structure removed equals the

total cost divided by the total number of structures.

Table 2. Project highlights from Tables 13 and 16

FMP Name

Associated Goals
Watershed Name

Project Area (sq mi)

Areain 100-yr (1% annual chance) Floodplain (sq mi)
Estimated number of structures at 100yr flood risk
Estimated Population at 100-year flood risk
Estimated length of roads at 100-year flood risk (miles)

Number of Structures removed from 100-yr (1% annual
chance) flood risk

Pre-Project Level-of-Service
Post-Project Level-of-Service
Cost/Structure removed
Social Vulnerability Index (SVI)
Benefit-Cost Ratio

Hirschi Huskie

2001, 2002

Buffalo Creek-Wichita

River
0.0359

0.0086
35
105
0.27

35

Unknown
1% annual
$18,071
0.763
0.8

Exhibit 1: Excerpts from Wichita Falls Drainage Master Plan, Project: Hirschi-Huskie
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1 | \ Drainage Master Plan Update

| T Project: HIRSCHI - HUSKIE o I
Wichits Talls
TEXAS
Blue Sgies. Goliaern Cpportundies. CORNERSTONE
B ENGINEERING
Project Information Project Photos

Project ID: Area_23 Status: Studied
Project Name: HIRSCHI - HUSKIE Council District: 1
Project Type:  Pipe System / Channel Panel #: 6A, 5B
Date Identified: 2008 # Structures Impacted: 35

Problem Description:
Owner of 1011 Hirschi complained about poor drainage and weeds in the street. The area is within a
FEMA Zone AE floodplain and partially within the floodway. Box culverts containing East Plum Creek
from lowa Park Road to Ridgeway Drive have partially collapsed. In addition, study and field survey
determined that the box culverts are on a local high point and do not carry any drainage area. This
project was studied in 2011 FNI Master Plan Update.

Proposed Improvements:
Extend the existing storm drain system on Huskie Drive to reach to the north and south on Hirschi
Lane. Additionally, acquire properties along the north side of lowa Park Road between Hirschi Lane
and Ridgeway Drive. The existing box culverts that are meant to drain this property are damaged and
do not carry any drainage from this area. These boxes may be left in place.

Outfall of East Plum Creek with 2-36" RCPs on the east side
of Ridgeway Dr.

CIP Ranking Criteria

Weight Score Project Costs

11.83 Life Safety/Road Flooding: 2> Conceptual Cost $250,000 to $500,000

8.84 Property Damage: 4 Range:

8.66 Frequency of Flooding: 1  Est. Construction $479,800.00

5.34 Project Cost: 4 Cost:

5.33 Maintenance Cost/Work Orders: 2 hy
Total Weighted Point Score: 99.7 Collapsed box culverts north of lowa Park Rd.
CIP Rank: 16

Wichita Falls, Texas 4/11/2011 Page 22 of 65
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HIRSCHI-HUSKIE

Background

The Hirschi-Huskie study area is located just to the north of lowa Park Rd in the residential
development bounded on the east and west by Ridgeway Drive and Hirschi Lane, respectively.
The area under study is a combination of single family residential, commercial, and agricultural
developments with a total drainage area of 96.7 acres. Runoff from this area is conveyed
mostly by street flow that drains toward East Plum Creek. A small storm drain system runs
from west to east along Huskie Drive where it outfalls to a tributary of East Plum Creek.

Photo 1- Looking east toward the intersection of Hirschi Lane and Huskie Drive

Problem Description

The Hirschi-Huskie project area is under study due complaints received by The City of
inadequate drainage around the intersection of Hirschi Lane and Huskie Drive, shown in Photo
1. These complaints reported standing water and weed growth in the streets. Separate from
the drainage system on Huskie Drive, there is a concrete box culvert that runs along 2812 lowa
Park Road connecting East Plum Creek between lowa Park Road and Ridgeway Drive. The
culvert has been reported to consistently contain standing water and in addition, the culvert is
collapsed in multiple locations and contains large amounts of silt and debris throughout the
length of the structure. Photo 2 shows the East Plum Creek culvert in one location where it has
collapsed.

Wichita Falls Drainage Master Plan Update 1
City of Wichita Falls, Wichita County, Texas
4/8/2011
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Photo 2 — East Plum Creek culvert located on 2812 lowa Park Road.

Existing Conditions Analysis

FNI performed an existing conditions analysis of the Hirschi-Huskie drainage area to determine
the extents of flooding in the area. EPA SWMM 5.0 was used for the hydrologic and hydraulic
analysis of this area.

Hydrology

The existing hydrologic analysis of the Hirschi-Huskie project area was performed by separately
analyzing the two problems areas. First, FNI performed an in depth investigation of the East
Plum Creek culvert that is located on 2812 lowa Park Road. All available data for this culvert
was collected from sources including City CAD files, FEMA FIS, and a United States Army Corps
of Engineers (USACE) hydrologic study of East Plum Creek. After an initial comparison of this
data, no consistent evidence was found to determine the actual flow direction of the culvert.
Table 1 shows the flowline data available for this culvert.

Table 1 - Flowline data for East Plum Creek culvert

Flowline Location

Source West East
FEMA Effective Model 946.2 945.37
City CAD Files 944.9 945.36

FNI then requested field survey of the flow lines at each end of the culvert. Since various points
throughout the culvert are exposed, actual flow line elevations were taken within the length of
the culvert in addition to the flow lines at each opening. According to data acquired from this

Wichita Falls Drainage Master Plan Update 2
City of Wichita Falls, Wichita County, Texas
4/8/2011
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field survey, FNI concluded that there is actually a high point located within the reach of the
culvert about 300 feet to the west of the culvert’s outfall into East Plum Creek. FNI also
performed on-site inspection of this culvert which revealed that a large portion of the culvert
was constructed flush with the surrounding ground surface with multiple points where the
culvert breaks to form makeshift inlets along the property. A hydrologic analysis was
performed for this culvert that included 7.4 acres of area from north of lowa Park Road that
drains directly to the culvert, and 68.3 acres from the south of lowa Park Road that drains to a
culvert under lowa Park Road and then to the north to the culvert being analyzed. FNI used
SWMM to create a basic model of this area to determine what, if any, flooding problems are
created by this culvert.

A hydrologic analysis of the northern part of this study area was performed by dividing the 21
acre drainage area into five (5) subcatchments ranging in size from 2.8 to 7.0 acres. These
subcatchments were strategically placed within the drainage area to isolate the intersection of
Hirschi Lane and Huskie Drive, as well as the existing storm drain system along Huskie Drive.
Each of the subcatchments contains medium density residential development. The percentage
of impervious area used for these catchments was 50 percent. Curve numbers for each sub
basin were calculated based on soil type and future land use provided by the City. The
hydrologic model created using SWMM was used to calculate runoff for each of the
subcatchments that and was then used to perform a hydraulic analysis of the area.

Hydraulics

Along with the hydrologic model, FNI also constructed a hydraulic model using SWMM for the
Hirschi-Huskie study area. Flow depths were modeled at critical nodes throughout the
watershed to provide hydraulic data for flooding analysis along Huskie Drive and Hirschi Lane.
The hydraulic model is composed of six junction nodes and four conduit links. Street flow along
Hirschi and Huskie was modeled using irregular conduits reflecting the observed geometry of
the street. The existing storm drain system located on Huskie Drive begins 135 feet east of the
intersection of Hirschi and Huskie with one 15-foot inlet connected to a 24” RCP. The pipe then
runs approximately 650 feet to the east along Huskie where it picks up flow from another five
(5) foot inlet located 140 feet to the west of the Huskie and Ridgeway intersection. The pipe
diameter then increases to 27” and continues on to the east for another 422 feet until it
outfalls at a tributary of East Plum Creek. Any flow from that reaches the intersection of Huskie
and Ridgeway that is not picked up by this system was modeled as weir flow over the curb of
Ridgeway, flowing overland to East Plum Creek.

Existing Conditions Results

Wichita Falls Drainage Master Plan Update 3
City of Wichita Falls, Wichita County, Texas
4/8/2011
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Based on the existing conditions SWMM model that was developed, an evaluation of runoff
depth was performed to determine right-of-way flooding and structure inundation. Flooding
was determined based on criteria explained in the Methodology section. The depth of runoff
exceeds the FFE’s of 35 total structures within the study area. Out of these 35 structures, only
three (3) were determined to be flooding due to the East Plum Creek culvert, while the
remaining 32 structures are affected by flooding along Hirschi Lane, Huskie Drive, and Ridgeway
Drive. Approximately 2600 LF of ROW is exceeded due to flooding in the northern portion of
this study area. Refer to table 3 for the node depth output from SWMM. Referring to Table 4,
significant flooding does not begin until the 50-year storm and the maximum depth of flooding
in the 100-year storm is 1.10 feet at 2830 lowa Park Road. This is the only structure within the
area whose inundation depth exceeds six inches and it is one of three properties whose
flooding is caused by the East Plum Creek culvert. Of the remaining 34 flooded structures the
maximum inundation depth is 0.29 feet. Table 5 shows the calculated inundation depth for
each of the flooded structures.

Proposed Improvements

After the existing conditions study of the Hirschi-Huskie project area was completed, FNI
presented the results to the City along with proposed alternatives for discussion. FNI proposed
to the City that to alleviate the flooding problems in this study area, one or both of the
following options should be considered.

Solution A: Extend the existing storm drain system located on Huskie Drive to reach further
to the west along Hirschi Lane. Many complaints of flooding in the area are
due to water ponding around the intersection of these two streets causing
vegetation growth in the street.

Solution B: Acquire the three properties that are negatively impacted by the East Plum
Creek culvert and leave the system as is.

These two solutions are separate in part from each other and either one can be implemented
independently of the other.

Solution A: Extend existing pipe system

FNI investigated the benefits of extending the existing pipe system along Huskie Drive further to
the west along Hirschi Lane. Since the drainage complaints in this area specify poor street
drainage, the goal of this proposed improvement is to provide more drainage relief to the
streets of this study area. According to the existing hydraulic analysis, there are 32 homes that
flood in the 100-year storm, but with a maximum inundation depth of 0.29 feet. Therefore, the
focus of these proposed improvements is not to eliminate structure flooding in the area, but

Wichita Falls Drainage Master Plan Update 4
City of Wichita Falls, Wichita County, Texas
4/8/2011
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rather provide additional inlet capacity in the area to remove water from the street before it
reaches Huskie Drive. The proposed storm drain extension would include extending the
existing 24” RCP along Huskie Drive to Hirschi Lane and to the north and south along Hirschi.
FNI proposes adding approximately 300 LF of 18” RCP and 4 — 10-ft curb inlets to allow Hirschi
Lane to drain before runoff reaches Huskie Drive. The estimated construction cost for the
improvements described for Solution A is $214,900.

Solution B: Property Acquisition for East Plum Creek Culvert

FNI also investigated the acquisition of three (3) properties that are impacted by the East Plum
Creek culvert. These properties include 2808, 2812, and 2830 lowa Park Road. The culvert that
runs across these properties was determined to be inadequate to transport the flow of East
Plum Creek from lowa Park Road to Ridgeway Drive. However, the existing conditions study
determined that other than these three properties flooding, there are no other negative
impacts to the area caused by this culvert. Therefore, FNI recommends that the City leave the
culvert in place and acquire these three properties to prevent flood damages in the future.
Table 2 shows the value of each of these properties provided by the Wichita County Appraisal
District. The total cost of acquiring these three properties is $148,424.

Table 2 - Appraised value of proposed properties to acquire

Address Appraised Value
2808 lowa Park | S 40,536.00
2812 lowa Park S 33,058.00
2830 lowa Park | S 74,830.00

Total S 148,424.00

Results

The two alternatives detailed above were analyzed to determine the most cost effective
solution for the proposed improvements of the Hirschi-Huskie study area. FNI recommends
that both Option A and Option B are implemented to alleviate the flooding problems that are
currently present within the Hirschi-Huskie study area. The total cost of to implement both of
these options is $479,800. A detailed breakdown of the cost analysis for the Hirschi-Huskie
project area is shown in Table 3.
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EFRECESE AREA 23 - HIRSCHI-HUSKIE
r. %NICHOLS OPINION OF PROBABLE CONSTRUCTION COST
* ' PROPOSED STORM DRAIN SYSTEM
CITY OF WICHITA FALLS - DRAINAGE MASTERPLAN UPDATE
ACCOUNT NO. ESTIMATOR CHECKED BY DATE
WCH09429 BAM April 9, 2011
ITEM DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
.|
General
Traffic Control 1.0 [ MO $5,000.00 $5,000.00
Site Preparation 0.3 | AC $25,000.00 $6,250.00
Erosion Control and SWPPP Implementation 10| LS $5,000.00 $5,000.00
Property Acquisition (3 Lots) 10| LS $223,484.00 $223,484.00
General Item Subtotal $239,734.00
Storm Drain
Trench Safety 320.0 | LF $2.00 $640.00
Install 18" RCP 320.0 | LF $35.00 $11,200.00
Install 10" Curb Inlet 4.0 | EA $3,500.00 $14,000.00
Storm Drain Subtotal $25,840.00
Utility Adjustments
Remove and Replace 15" PVC Sewer Line 140.0 | LF $90.00 $12,600.00
Remove and Replace 8" PVC Water Line 175.0 | LF $48.00 $8,400.00
Remove and Replace 4" PVC Water Line 140.0 | LF $24.00 $3,360.00
Trench Safety for Water Line 315.0 | LF $1.00 $315.00
Trench Safety for Sewer Line 140.0 | LF $1.00 $140.00
Connections to Existing Water Line 20| EA $1,000.00 $2,000.00
Connections to Existing Sewer Line 20| EA $1,000.00 $2,000.00
Utility Adj. Subtotal $28,815.00
Paving
Asphalt Pavement Saw, Remove and Dispose 1,000.0 | SY $6.00 $6,000.00
6" Stabilized Subgrade Install 1,000.0 | SY $2.50 $2,500.00
6" Asphalt Pavement 1,000.0 | SY $33.00 $33,000.00
Concrete Curb remove and replace 500.0 | LF $4.00 $2,000.00
Paving Subtotal $43,500.00
SUBTOTAL.: $309,074.00
MOBILIZATION 5 % $15,453.70 $15,453.70
CONTINGENCY 30| % $92,722.20 $92,722.20
SUBTOTAL.: $417,250.00
|[ENGINEERING FEES 15| % | $62,587.50 | $62,587.50
NOTES: PROPERTY ACQUISITION VALUES TAKEN FROM THE WICHITA COUNTY APPRAISAL DISTRICT. THESE COSTS INCLUDE $25,000 PER HOUSE FOR
DEMOLITION, MOVING, AND CLOSING COST
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Table 4 - Hirschi-Huskie existing conditions maximum WSEL output by node
Node Type Invert Maximum HGL

(feet) 2-yr 5-yr 10-yr 25-yr 50-yr | 100-yr
-1 JUNCTION | 1008.90 | 948.62 | 948.62 | 948.67 | 948.90 | 949.24 | 949.62
1-2 JUNCTION | 1008.73 | 949.14 | 949.14 | 949.22 | 949.34 | 949.53 | 949.86
1-3 JUNCTION | 1008.55 | 948.25 | 948.25 | 948.53 | 948.94 | 949.31 | 949.76
J-1 JUNCTION | 1008.38 | 947.95 | 947.95 | 947.99 | 948.05 | 948.17 | 948.29
J-2 JUNCTION | 1008.20 | 947.73 | 947.73 | 947.83 | 948.00 | 948.15 | 948.28
J-3 JUNCTION | 1007.98 | 947.72 | 947.72 | 947.83 | 947.99 | 948.15 | 948.28
J-4 JUNCTION | 1007.94 | 947.63 | 947.63 | 947.74 | 947.91 | 948.08 | 948.21
J-5 JUNCTION | 1005.50 | 947.71 | 947.71 | 947.80 | 947.97 | 948.13 | 948.25
J-P1 JUNCTION | 1005.00 | 947.59 | 947.59 | 947.70 | 947.86 | 948.06 | 948.19
J-P2 JUNCTION | 1004.70 | 945.51 | 945.51 | 945.64 | 945.86 | 946.70 | 946.84
J-PS1 JUNCTION | 1003.96 | 946.84 | 946.84 | 946.95 | 947.12 | 947.26 | 947.42
J-PS2 JUNCTION | 1003.23 | 946.61 | 946.61 | 946.72 | 946.87 | 946.99 | 947.10
J-PS4 JUNCTION | 1003.21 | 947.69 | 947.69 | 947.86 | 948.08 | 948.27 | 948.48
J-S1 JUNCTION | 1003.18 | 947.65 | 947.65 | 947.68 | 947.71 | 947.74 | 947.77
J-S2 JUNCTION | 1003.16 | 948.31 | 948.31 | 948.32 | 948.35 | 948.37 | 948.39
J-S3 JUNCTION | 1003.10 | 946.37 | 946.37 | 946.45 | 946.57 | 946.65 | 946.74
J-S4 JUNCTION | 1002.00 | 948.53 | 948.53 | 948.55 | 948.59 | 948.62 | 948.65
J-S5 JUNCTION | 1000.01 | 948.21 | 948.21 | 948.47 | 948.87 | 949.22 | 949.60
O-1 OUTFALL 999.76 | 943.29 | 943.29 | 943.31 | 943.35 | 944.50 | 944.50
O-1a OUTFALL 999.75 | 941.65 | 941.90 | 942.20 | 942.50 | 944.50 | 944.50
0-2 OUTFALL 999.37 | 946.18 | 946.18 | 946.26 | 946.38 | 946.46 | 946.55
0-3 OUTFALL 999.33 | 948.00 | 948.00 | 948.00 | 948.00 | 948.00 | 948.00
TrashPit STORAGE 999.25 | 950.02 | 950.02 | 950.03 | 950.07 | 950.10 | 950.16
CulvertStorage | STORAGE 999.25 | 948.21 | 948.21 | 948.47 | 948.87 | 949.22 | 949.61
Detention STORAGE 999.25 | 948.25 | 948.25 | 948.53 | 948.94 | 949.31 | 949.76

Table 5 — Hirschi-Huskie summary comparison of inundation depths.

Summary of Inundation Depth by Frequency Event (ft)

2yr 5yr 10 yr 25 yr 50 yr 100 yr
No. structures 0 0 0 1 25 35
Max depth 0.00 0.00 0.00 0.37 0.72 1.10
Min depth 0.00 0.00 0.00 0.37 0.12 0.15
Average depth 0.00 0.00 0.00 0.37 0.17 0.28

Wichita Falls Drainage Master Plan Update
City of Wichita Falls, Wichita County, Texas

4/8/2011
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Table 6 — Hirschi-Huskie inundation depths
100 Year Inundation
Address WSEL FFE Depth
1024 HirschiLn 948.29 948.00 0.29
1023 HirschiLn 948.29 948.00 0.29
1021 HirschiLn 948.29 948.00 0.29
1019 HirschilLn 948.29 948.00 0.29
1017 Hirschiln 948.28 948.00 0.28
1015 Hirschiln 948.28 948.00 0.28
1013 HirschiLn 948.28 948.00 0.28
1011 Hirschiln 948.28 948.00 0.28
1010 Hirschiln 948.29 948.00 0.29
1009 HirschilLn 948.28 948.00 0.28
1008 Hirschiln 948.28 948.00 0.28
1006 HirschilLn 948.29 948.00 0.29
1004 HirschilLn 948.28 948.00 0.28
3021 Huskie Dr 948.28 948.00 0.28
3020 Huskie Dr 948.28 948.00 0.28
3019 Huskie Dr 948.28 948.00 0.28
3018 Huskie Dr 948.28 948.00 0.28
3017 Huskie Dr 948.25 948.00 0.25
3016 Huskie Dr 948.25 948.00 0.25
3015 Huskie Dr 948.25 948.00 0.25
3014 Huskie Dr 948.25 948.00 0.25
3013 Huskie Dr 948.25 948.00 0.25
3012 Huskie Dr 948.25 948.00 0.25
3011 Huskie Dr 948.21 948.00 0.21
3009 Huskie Dr 948.21 948.00 0.21
3008 Huskie Dr 948.21 948.00 0.21
3007 Huskie Dr 948.21 948.00 0.21
3005 Huskie Dr 948.21 948.00 0.21
2830 lowa Park Rd 949.60 948.50 1.10
2808 lowa ParkRd 948.65 948.50 0.15
1025 Ridgeway 948.21 948.00 0.21
1022 Ridgeway 948.21 948.00 0.21
1020 Ridgeway 948.21 948.00 0.21
1017 Ridgeway 948.21 948.00 0.21
1014 Ridgeway 948.21 948.00 0.21
*WSEL estima’fed based Number of Homes 35
on nearest adjacent XS Flooded
Wichita Falls Drainage Master Plan Update 8

City of Wichita Falls, Wichita County, Texas
4/8/2011
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Memorandum

Date:  Thursday, June 16, 2022
Project:  Canadian — Upper Red Regional Flood Plan
To:  Scott Hubley, PE, Freese and Nichols, Inc.

From:  David Dunn, PE (Texas PE No. 82630)
Toby Li, EIT

Subject: Landon, Duty and Sunset Drainage Improvements FMP

The initial evaluation for this project was conducted in 2011 as a part of the Wichita Falls
Drainage Master Plan Update by Freese and Nichols, Inc. (FNI) . Excerpts from that study are
included as Exhibit 1.

The project area is in the vicinity of Duty Lane, Sunset Lane and Landon Road, north of lowa
Lane in Wichita Falls, TX. The area is flat, with slopes as low as 0.4% in some locations. Runoff
is conveyed along Duty Lane, Landon Road and Sunset Lane through shallow bar ditches,
which are inconsistent and shallow throughout the area. Many of the houses in the area are
susceptible to flooding due to their elevations at or below the street elevation. Runoff overflows
the bar ditches along Duty Lane and creates sheet flow south of Duty Lane across much of the
project area. Fifty-two properties south of Duty Lane are located within the FEMA-designated
AO floodplain and subject to ponding from sheet flow runoff. However, the modeling completed
by FNI identifies only 43 structures impacted by flooding; it is assumed the nine other structures
have finished floor elevations above the 100-yr base flood elevation.

Model Analysis

FNI created an EPA SWMM model of the network of roadside ditches, which is composed of 22
junction nodes, 27 conduit links and five (5) outfalls. The bar ditches and channels were
modeled as irregular channels, with appropriate Manning’s n-values to show geometry and
potential overflow. FNI applied the SWMM model to determine existing conditions and to
evaluate proposed solutions to the flooding.

Summary of Improvements

FNI proposed an upgraded storm drain system and curb and gutter improvements along Landon
Road, Duty Lane and Sunset Lane. The following is an excerpt of the detailed proposed
improvements.

1 Wichita Falls, Texas, Drainage Master Plan Update, Project: LANDON, DUTY AND SUNSET ST
DRAINAGE PROJECT, Freese and Nichols, Inc., 2011.

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
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It was recommended that the proposed solution would be a combination of curb and
gutter street improvements for Duty Lane, Landon Road, and Sunset Lane south of Duty
Lane, a pipe system installed on Duty Lane that would outfall into the Loop 11 drainage
channels, a pipe system for a portion of Sunset Lane and along lowa Park Road that
would also outfall into the Loop 11 drainage channels, and a new parallel pipe at the
intersection of Landon Road and lowa Park Road to convey runoff from the north side of
lowa Park Road to the south.

The proposed curb and gutter improvements would consist of a 30 foot wide street
section with typical 6 inch curbs. The elevations of the road should be lowered to at or
below the finished floor elevations of the surrounding properties. This requires the
lowering of Duty Lane by an average of 2.15 feet and lowering Landon Road by
approximately 1 foot. Only the southern portion of Sunset Lane at the intersection of
lowa Park Road would need to be lowered by approximately 1 foot.

The storm drain system for Duty Lane begins at the Landon Road intersection with 300
LF of 36” RCP, then 477 LF of 48” RCP and finally 755 LF of 6’x4’ RCB that conveys
approximately 211 cfs past Sunset Lane and through a proposed drainage easement
between 1103 and 1029 Sunset Lane before discharging into the Loop 11 drainage
channel. The proposed Sunset Lane pipe system would start approximately 580 feet
north of the lowa Park Road intersection and would consist of a 24” RCP. The proposed
lowa Road pipe system would consist of a 4’x4’ drop inlet that intercepts runoff in the bar
ditch and conveys the runoff east in 175 LF of 2’x2’ RCB. The Sunset Lane pipe system
and the lowa Park Road pipe system would join at the intersection of the two roads. The
existing 6’x2’ RCB that conveyed the flow across lowa Park Road would be plugged and
a new 6°x2’ RCB will be constructed to convey the flow in the existing right-of-way
easement of lowa Park Road to the east and discharge in the Loop 11 drainage channel.
For the Landon Road system it is proposed that a parallel 4'x2’ RCB be installed along
the existing 4’x2’ RCB and both will outfall in the ditch on the south side of lowa Park
Road. Exhibit 2 shows the location and features of the proposed pipe system for the
Landon, Duty, Sunset project area.

Modeling Results

In the original 2011 analysis, the hydraulic modeling results from EPA SWMM 5.0 show that the
proposed storm drain system for the project area would eliminate flooding for 41 out of 43
structures during the 1 percent annual chance (100-year) storm event (and all smaller events) 2.
Table 1 is from the 2011 report and summarizes results for the existing and proposed
conditions.

2 Note that the precipitation depths of these storm events were determined prior to the Atlas 14 update.
The 100-year 24-hour storm depth has not changed significantly in Wichita Falls, TX. NOAA Atlas 14

(weather.gov), Figure 7.4

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
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Table 1. Landon, Duty and Sunset Drainage Improvements FMP inundation summary comparison

Summary of Inundation Depth by Frequency Event (ft)
2yr 5yr 10 yr 25 yr 50 yr 100 yr

Existing 35 37 38 43 43 43

No. structures Proposed 0 0 0 ) 5 5
Existing 4.00 4.07 4.1 4.16 421 4.24
Max depth Proposed | 0.00 0.00 0.00 0.12 0.13 0.27
. Existing 0.15 0.23 0.11 0.16 0.21 0.24
Min depth Proposed | 0.00 | 000 | 0.00 0.12 0.13 0.27
Existing 1.93 1.93 1.92 1.79 1.85 1.89
Averagedepth | osed | 0.00 | 0.00 | 0.00 0.12 0.13 0.27

Benefit-Cost Analysis

TWDB requires each project included as an FMP in a regional flood plan to have a benefit/cost
analysis (BCA) performed. Many flood mitigation studies document a computed benefit/cost
ratio (BCR) and those can be incorporated into the regional flood plan. For situations where a
BCR is not available for a project, TWDB has developed the BCA Input Tool® to facilitate
calculations of costs and benefits. It estimates flood damages for residential buildings before
and after construction of the flood mitigation project for up to three recurrence interval flood
events. Because the TWDB BCA Workbook calculates costs and benefits for only three
recurrence intervals, a combination of two workbooks were used to complete calculations for six
recurrence interval events (2-year, 5-year, 10-year, 25-year, 50-year, and 100-year). The BCA
Input Tool is intended to be used in conjunction with the Federal Emergency Management
Agency (FEMA) BCA Toolkit 6.0%, which calculates annual benefits from the information
compiled in the TWDB BCA Input Tool. The annual benefits data are then entered back into the
TWDB BCA Input Tool which then computes the resulting BCR for the project.

Project Costs

FNI estimated the total project cost to be $1,485,000 in the 2011 Drainage Master Plan®. A
Construction Cost Index (CCI) factor of 1.27 was applied to convert the costs from 2011 to 2020
dollars, resulting in a project cost of $1,885,950. The construction was set to begin and end in
2020 to simplify the calculation of the BCR.

Flood Damages Before and After Implementation of the FMP

Based on Table 1, average depths of flooding at 43 structures were entered into the TWDB
BCA Input Workbook for the 2-year, 5-year, 10-year, 25-year, 50-year, and 100-year events for
both the existing and the proposed conditions.

3 https://www.twdb.texas.gov/flood/planning/planningdocu/2023/doc/BCA%20Workbook.zip
4 https://www.fema.gov/grants/quidance-tools/benefit-cost-analysis
5 Drainage Master Plan Update Project: Landon, Duty, and Sunset St, page 6
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The TWDB BCA Input Workbook includes flood damage-by-depth values for residential homes
and commercial buildings in Texas. With each flood depth, there is a corresponding flood
damage associated with the type of structure. The workbook sums damages for all structures to
provide a comparison of damages before and after implementation of the FMP for each flood
event. The damages were then entered into the FEMA BCA Toolkit 6.0. By calculating the
annualized difference between the baseline and project damages for various return periods, the
FEMA BCA Tool produces the total annualized benefits of the project’s lifetime.

The total cost was entered into the TWDB BCA Input Workbook with estimated annual operation
and maintenance costs of 1% of the total capital cost for the assumed 30-year lifetime of the
project. The tool then was used to compute total costs for the project over the 30-year assumed
lifespan. The total annualized benefits as determined by the FEMA BCA Toolkit 6.0 were also
entered. The data are summarized in Figure 2, which is a screen capture of the Results tab from
the TWDB BCA Input Tool.

Note that the green shaded value of $22,538,045 represents the sum of the estimated total
benefits computed over the 30-year useful life at a discount rate of 7 percent, per FEMA
standards. The final BCR computed by the TWDB BCA Input Tool for the Landon, Duty
and Sunset Drainage Improvements FMP is 10.6, using the damages and benefits
referenced to the 2-year, 5-year, 10-year, 25-year, 50-year, and 100-year events. This large
BCR can be attributed to the large number of structures removed from flooding by the FMP. The
FMP removes 41 of the 43 structures from the 100-year floodplain, and all 38 structures from
flooding at the 10-year and smaller events.

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
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Input Into BCA Toolkit

Project Useful Life 30

Event Damages Baseline Project

25 - year storm 54,054,607 = 599,170
50 - year storm 54,123,171 5101,194
100 - year storm 54,192,003 @ 5105,016
Total Benefits from BCA Toolkit 522,537,983

Other Benefits (Not Recreation) S0

Recreation Benefits -

Total Costs 52,119,978
MNet Benefits 520,418,005
MNet Benefits with Recreation 520,418,005
Final BCR 10.6
Final BCR with Recreation 10.6

Figure 2. BCA Workbook Results — Landon, Duty and Sunset Drainage Improvements FMP

No Negative Impact Analysis

No Negative Impact of Flood Risk

An FMP must have no negative impacts on its neighboring area due to its implementation. No
negative impact means that a project will not increase flood risk of surrounding properties. The
increase in flood risk must be measured by the 1 percent annual chance (100-year) event water
surface elevation and peak discharge, using the best available data. It is recommended that no
rise in water surface elevation or discharge should be permissible, and that the analysis extent
must be vast enough to prove proposed project conditions are equal to or less than the existing
conditions.

For the purposes of regional flood planning efforts, a determination of no negative impact can
be established if stormwater runoff does not increase inundation of infrastructure such as
residential and commercial buildings and structures. Additionally, all of the following
requirements, per TWDB Technical Guidelines, should be met to establish no negative impact,
as applicable:

1. Stormwater does not increase inundation in areas beyond the public right-of-way, project

property, or easement.

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
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2. Stormwater does not increase inundation of storm drainage networks, channels, and
roadways beyond design capacity.

3. Maximum increase of 1D Water Surface Elevation must round to 0.0 feet (<0.05 ft) measured
along the hydraulic cross-section.

4. Maximum increase of 2D Water Surface Elevations must round to 0.3 feet (<0.35 ft)
measured at each computation cell.

5. Maximum increase in hydrologic peak discharge must be <0.5 percent measured at
computation nodes (sub-basins, junctions, reaches, reservoirs, etc.). This discharge restriction
does not apply to a 2D overland analysis.

For the Landon, Duty, and Sunset Drainage Improvements FMP, the EPA SWMM 5.0 model
developed by FNI was used to assess and develop the project. Since no 2D model is available,
only requirements #1, #2, #3, and #5 apply. Computed depths at all nodes in the SWMM model
decrease from existing to proposed conditions, meeting the intent of criteria #4.

In Table 1, the existing conditions were compared to conditions with the proposed
improvements. In addition, in the Drainage Master Plan, flood depths at all 43 structures during
a 100-year flood are compared for existing and proposed conditions.® The comparison shows
that the project does not increase flooding at any location, meeting criteria #1 and #3. In the
existing conditions, 43 houses are flooded by overflows. However, in the proposed conditions,
overtopping depths decrease at all houses, and this meets criteria #2. Within the project limits,
there is no location where water surface elevations for the 100-year flood rises.

A comparison of flows at the outlet between the existing and proposed conditions in the SWMM
model shows that the total peak outfall would decrease from 681 cfs to 368 cfs during a 100-
year storm event. Therefore, as the peak outfall flow decreases, no negative impacts are
anticipated and criteria #5 is met. During final design of the project, a full hydrologic and
hydraulic study would be completed to determine conformance with the City’s
drainage/floodplain management criteria and flood planning requirements.

No Environmental Impacts
TWDB requires that environmental impacts be assessed for all eligible FMPs. Environmental
impact categories include

a. water quality;

b. cultural heritage;

c. habitat, biodiversity and ecology;
d. air quality;

e. natural resources; and

f. agricultural resources/properties.’

6 Drainage Master Plan Update Project: LANDON, DUTY AND SUNSET ST, Table 4.
7 Exhibit C Technical Guidelines for Regional Flood Planning, page 127.
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With the nature of the urban drainage improvement project, none of the above is applicable for
the Landon, Duty, and Sunset Drainage Improvements FMP.

Populating the RFPG required Tables 13 and 16

TWDB requires that Tables 138 and 16° to be populated along with the submission of the report
and geodatabase. The required attributes are populated as follows. First, basic project
information (name, description, etc.) are extracted from the 2011 FNI study°. Second, the
project extents are drawn into GIS, and after doing so, spatial attributes are obtained by
overlapping spatial layers (HUC12s, watersheds, etc.). Third, floodplain inundation information
is extracted from the modeling results of the 2011 study (area in 100-yr floodplain, number of
structures at 100-yr flood risk, etc.) for both pre-project and post-project conditions. Finally,
benefit-and-cost related attributes are derived from the BCA performed in this study (cost,
benefit-cost ratio, etc.).

Table 2 is a summary of key information in Tables 13 and 16 for Landon, Duty and Sunset
Drainage Improvements. The estimated number of structures at 100-year risk equals the
number of structures determined to be impacted by the 100-year flood. Population is estimated
based on three persons per structure. The estimated length of roads at 100-year flood risk is
measured from the length of roads inundated within the 100-year floodplain. The post-project
level-of-service is determined by the recurrence interval of the flood event in which no structures
would be flooded. Finally, the cost/structure removed equals the total cost divided by the total
number of structures.

8 Exhibit C Technical Guidelines for Regional Flood Planning, page 63.

9 Exhibit C Technical Guidelines for Regional Flood Planning, page 75.

10 Wichita Falls, Texas, Drainage Master Plan Update, Project: LANDON, DUTY AND SUNSET
DRAINAGE IMPROVEMENTS, Freese and Nichols, Inc., 2011.
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Table 2. Project highlights from Tables 13 and 16

Landon, Duty and

FMP Name Sunset St Drainage
Project
Associated Goals 2001, 2002
Watershed Name Buffalo Cr_eek-Wichita
River
Project Area (sg mi) 0.0483
Area in 100-yr (1% annual chance) Floodplain (sq mi) 0.0344
Estimated number of structures at 100yr flood risk 43
Estimated Population at 100-year flood risk 129
Estimated length of roads at 100-year flood risk (miles) 0.27
Number of Structures removed from 100-yr (1% annual
chance) flood risk 41
Pre-Project Level-of-Service Unknown
Post-Project Level-of-Service 10% annual
Cost/Structure removed $51,707
Social Vulnerability Index (SVI) 0.763
Benefit-Cost Ratio 10.6

Exhibit 1: Excerpts from Wichita Falls Drainage Master Plan, Project: Landon, Duty, and Sunset

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
(972) 960-4400
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1—‘L Drainage Master Plan Update
| Project: LANDON, DUTY, AND SUNSET ST DRAINAGE PROJECT  [lfegl ichot s
Wichits Talls )

TEXAS

Blue Skies. Gotaen Qpportunitics. CORNERSTONE

: ENGINEERING

Project Information Pr_oiect Photos

Project ID: Area_31 Status: Studied

Project Name: LANDON, DUTY, AND SUNSET ST Council District: 5
DRAINAGE PROJECT

Project Type:  Road and Pipe System Panel #: 18C, 18D

Date Identified: 1994 # Structures Impacted: 43

Problem Description:
Fifty-two properties south of Duty Lane are located within the AO floodplain and subject to ponding
from sheet flow runoff. Duty Lane is a two lane road with bar ditches that provide inadequate
drainage. The drainage bar ditches are inconsistent and shallow throughout the area. Many of the
houses in the area are at or below the street elevation which makes them susceptible to flooding. The
area is exceedingly flat with slopes as low as 0.4% in some locations. This project was studied in 2011
FNI Master Plan Update.

Looking east down Duty Ln from the Landon Rd intersection.

Proposed Improvements:
The proposed solution is be a combination of curb and gutter street improvements for Duty Lane,
Landon Road, and Sunset Lane south of Duty Lane, a pipe system installed on Duty Lane that outfalls
into the Loop 11 drainage channels, a pipe system for a portion of Sunset Lane and along lowa Park
Road that also outfalls into the Loop 11 drainage channels, and a new parallel pipe at the intersection
of Landon Road and lowa Park Road to convey runoff from the north side of lowa Park Road to the
south.

CIP Ranking Criteria

Weight Score Project Costs

11.83 Life Safety/Road Flooding: 3 Conceptual Cost $1,000,000 to $2,000,000

8.84 Property Damage: 4 Range:

8.66 Frequency of Flooding: 5 Est. Construction $1,485,000.00

5.34 Project Cost: 2 Cost:

5.33 Maintenance Cost/Work Orders: 1
Total Weighted Point Score: 130.2 Possible outfall location at Loop 11 frontage road.
CIP Rank: 6

Wichita Falls, Texas 4/11/2011 Page 30 of 65
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LANDON, DUTY, SUNSET

Background

The Landon, Duty, Sunset project area is located north of lowa Park Road. The area south of
Duty Lane is in the FEMA Zone AO of Plum Creek which indicates shallow sheet flow of 2 feet
with a velocity of 2.1 feet per second. Local runoff is conveyed east along Duty Lane and south
on Landon Road and Sunset Lane through shallow bar ditches along the roads and then south
across lowa Park Road through culvert crossings at the Landon Road and Sunset Lane
intersections. Large areas of local runoff sheet flow across lots before entering bar ditches.

Problem Description

The drainage bar ditches described above are inconsistent and shallow throughout the area.
Many of the houses in the area are at or below the street elevation which makes them
susceptible to flooding in the event that the bar ditches are overtopped. The area is exceedingly
flat with slopes as low as 0.4% in some locations. Photo 1 below shows the shallow bar ditches
on either side of Duty Lane looking west.

Photo 1 - Looking west at the bar ditches along Duty Lane.

Existing Conditions Analysis

FNI performed an analysis of the existing street section capacity including the bar ditches and
the culverts under lowa Park Road. EPA SWMM 5.0 was used for the hydrologic and hydraulic
analyses of this area.

Wichita Falls Drainage Master Plan Update 1
City of Wichita Falls, Wichita County, Texas
4/8/2011
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Hydrology

The drainage area that discharges to lowa Park Road is approximately 99.6 acres and consists of
low density residential development. The drainage area is bordered by Covington Drive on the
west, an irrigation canal on the north, lowa Park Road on the south, and Sunset Lane on the
east. For the hydrologic study, the drainage area was broken up into seven (7) subcatchments
ranging in size from 8.37 to 19.19 acres. Curve numbers for each sub basin were calculated
based on soil type and future land use provided by the City.

An additional drainage area adjacent to the project was analyzed to the east for its possible use
in proposed alternatives. The area includes the Loop 11 access road and channels. The Loop 11
drainage area is approximately 52 acres. For the hydrologic study, the drainage area was
broken up into three (3) subcatchments ranging in size from 12.62 to 24.58 acres. Curve
numbers for each sub basin were calculated based on soil type and future land use provided by
the City.

Runoff on Duty Lane is conveyed east toward Sunset Lane for approximately 2,000 feet. It is
then carried south on Sunset Lane for approximately 1,350 feet where it is intercepted by a
6’x2" RCB according to the City’s CAD storm drain database. Flow from the west side of Sunset
Lane is also intercepted at this location from the bar ditches along lowa Park Road. Overflow
from the Duty Lane bar ditches is conveyed south across adjacent lots before being intercepted
by bar ditches on Landon Road or lowa Park Road. Runoff on Landon Road is conveyed south
toward lowa Park Road for approximately 700 feet and is intercepted by a 4’x2’ RCB according
to the City’s CAD storm drain database. Both culvert crossings discharge on the south side of
lowa Park Road into another bar ditch that eventually discharges into East Plum Creek. Only
local runoff was used to model the existing system with the intention that any runoff from the
Zone AO of Plum Creek will be eliminated in the event that Plum Creek is improved.

The trapezoidal bar ditches varied in size throughout the area but on average consisted of 1
foot bottom width and a 2 foot depth with an 8 foot top width. The capacity of the bar ditches
range from 23 to 44 cfs based on the slope and the 100-year flow to a bar ditch ranges from 58
to 378 cfs, which means the bar ditches are insufficient and flood the nearby homes. Much of
the flow on Duty Lane, approximately 254 cfs, overtops the shallow bar ditches and sheet flows
south towards Landon Road or lowa Park. With the flat grade of the land and the limited height
of surrounding structures these depths could cause structural flooding.

The Loop 11 drainage channel is approximately 8 feet deep with a 10 foot bottom width and 4:1
side slopes. Flow in the channel is conveyed south to two (2) 48” RCPs that convey the flow
south of lowa Park. The capacity of the drainage channel is 1,418 cfs and the 100-year flow to

Wichita Falls Drainage Master Plan Update 2
City of Wichita Falls, Wichita County, Texas
4/8/2011



Volume 2 — Landon, Duty, Sunset Detailed Stud F fRE ESE

Y Y A :NICHOLS
the drainage channel is 207 cfs, which means the drainage channel is adequately sized for the
100-year storm event.

Hydraulics

Along with the hydrologic model, FNI also constructed a hydraulic model using SWMM for the
Landon, Duty, Sunset study area. The system was modeled to determine the depths of flow at
critical areas in order to identify locations of inundated structures as well as exceeded right-of-
way. A hydraulic model made up of 22 junctions, 27 links, and 5 outfalls was developed to
represent storm water runoff through this area. The bar ditches and channels were modeled as
irregular channels with appropriate Manning’s n-values to show the geometry of the feature
and any overbank flow that might occur. Data for the existing culverts located at the Landon
Road and Sunset Lane intersections of lowa Park Road were taken from storm drain CAD files
acquired from the City of Wichita Falls.

Existing Conditions Results

Existing analysis shows that bar ditches in the area have depths ranging from 0.88 to 2.12 feet
for the 100-year storm event. The culvert headwall locations have the highest depths with the
Landon Road and Sunset Lane headwalls reaching 4.72 and 3.98 feet, respectively. The Landon
Road culvert overtops lowa Park Road with approximately 48 cfs at a depth of 0.7 feet during
the 100-year storm event. The Sunset Lane culvert overtops lowa Park Road with approximately
318 cfs at a depth of 0.97 feet during the 100-year storm event. As mentioned in the Hydrology
section of the report, Duty Lane bar ditches are overtopped and approximately 254 cfs of
excess runoff sheet flows south to the Landon Road or lowa Park Road bar ditches.

Existing analysis of the Loop 11 drainage channel shows that the channel currently has
adequate capacity for the 100-year storm event. The depth of the channel is 8 feet and the
maximum depth of flow in the channel under existing conditions is 5.89 feet. The headwater at
the culvert on the south end of the drainage channel reaches a maximum depth of 5.69 feet.

Based on the existing analysis and the node depths in Table 1 there are forty-three (43)
structures that have the potential to be flooded during the 100-year storm event for the
Landon, Duty, Sunset project area. Table 2 shows the properties flooding during the 100-year
storm event and that are shown on Exhibit 1. A summary of flooded structures by storm event
is shown in Table 3. Finished floors were estimated at 0.5 feet above the lowest adjacent grade
based on site visit observation and two-foot topography.

Proposed Improvements

After the existing conditions study of the Landon, Duty, Sunset project area was completed, FNI
presented the results to the City along with proposed alternatives for discussion. It was
recommended that the proposed solution would be a combination of curb and gutter street

Wichita Falls Drainage Master Plan Update 3
City of Wichita Falls, Wichita County, Texas
4/8/2011
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improvements for Duty Lane, Landon Road, and Sunset Lane south of Duty Lane, a pipe system
installed on Duty Lane that would outfall into the Loop 11 drainage channels, a pipe system for
a portion of Sunset Lane and along lowa Park Road that would also outfall into the Loop 11
drainage channels, and a new parallel pipe at the intersection of Landon Road and lowa Park
Road to convey runoff from the north side of lowa Park Road to the south.

Proposed Storm Drain System

The proposed curb and gutter improvements would consist of a 30 foot wide street section
with typical 6 inch curbs. The elevations of the road should be lowered to at or below the
finished floor elevations of the surrounding properties. This requires the lowering of Duty Lane
by an average of 2.15 feet and lowering Landon Road by approximately 1 foot. Only the
southern portion of Sunset Lane at the intersection of lowa Park Road would need to be
lowered by approximately 1 foot.

The storm drain system for Duty Lane begins at the Landon Road intersection with 300 LF of 36”
RCP, then 477 LF of 48” RCP and finally 755 LF of 6’x4’ RCB that conveys approximately 211 cfs
past Sunset Lane and through a proposed drainage easement between 1103 and 1029 Sunset
Lane before discharging into the Loop 11 drainage channel. The proposed Sunset Lane pipe
system would start approximately 580 feet north of the lowa Park Road intersection and would
consist of a 24” RCP. The proposed lowa Road pipe system would consist of a 4’x4’ drop inlet
that intercepts runoff in the bar ditch and conveys the runoff east in 175 LF of 2’x2” RCB. The
Sunset Lane pipe system and the lowa Park Road pipe system would join at the intersection of
the two roads. The existing 6’x2’ RCB that conveyed the flow across lowa Park Road would be
plugged and a new 6’x2’ RCB will be constructed to convey the flow in the existing right-of-way
easement of lowa Park Road to the east and discharge in the Loop 11 drainage channel. For the
Landon Road system it is proposed that a parallel 4’x2’ RCB be installed along the existing 4'x2’
RCB and both will outfall in the ditch on the south side of lowa Park Road. Exhibit 2 shows the
location and features of the proposed pipe system for the Landon, Duty, Sunset project area.

Results

An analysis of the proposed improvements described above was performed to determine the
amount of flooding that would be eliminated after implementation. Tables 3 and 4 provide a
summary of the difference in flooding from existing to proposed conditions. The results show
that the proposed storm drain systems and street improvements for the Landon, Duty, Sunset
project area would eliminate potential structure flooding on all but two (2) properties located
on lowa Park Drive during the 100-year storm event.

An opinion of probable construction cost was developed for the proposed improvements to the
Landon, Duty, Sunset study area. The estimated construction cost for the improvements

Wichita Falls Drainage Master Plan Update 4
City of Wichita Falls, Wichita County, Texas
4/8/2011
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described in this section is approximately $1,485,000. A detailed breakdown of the cost
analysis for the Landon, Duty, Sunset project area is shown in Table 1. FNI suggests that the
City implement the proposed solutions as described above to resolve flooding problems in the

area.

Wichita Falls Drainage Master Plan Update
City of Wichita Falls, Wichita County, Texas
4/8/2011
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PROPOSED STORM DRAIN SYSTEM
CITY OF WICHITA FALLS - DRAINAGE MASTERPLAN UPDATE

ACCOUNT NO. ESTIMATOR CHECKED BY DATE
WCH09429 BAM April 9, 2011
ITEM DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
General
Traffic Control 3.0 [ MO $5,000.00 $15,000.00
Site Preparation 05| AC $25,000.00 $12,500.00
Erosion Control and SWPPP Implementation 1.0| LS $5,000.00 $5,000.00
General Item Subtotal $32,500.00
Storm Drain
Trench Safety 2,700.0 [ LF $2.00 $5,400.00
Install 24" RCP 580.0 | LF $40.00 $23,200.00
Install 36" RCP 300.0 | LF $68.00 $20,400.00
Install 48" RCP 477.0 | LF $85.00 $40,545.00
Install 2'X2' RCB 175.0 | LF $90.00 $15,750.00
Install 4'’X2' RCB 100.0 [ LF $110.00 $11,000.00
Install 6'X2' RCB 305.0 | LF $140.00 $42,700.00
Install 6'X4' RCB 755.0 | LF $180.00 $135,900.00
Install 18" RCP Lateral 160.0 [ LF $35.00 $5,600.00
Install Manhole 6.0 [ EA $3,000.00 $18,000.00
Install 4'X4' Drop Inlet 10| EA $2,000.00 $2,000.00
Install 15' Curb Inlet 16.0 | EA $4,000.00 $64,000.00
Install Headwall 40| EA $5,000.00 $20,000.00
Storm Drain Subtotal $404,495.00
Utility Adjustments
Remove and Replace 6" PVC Water Line 2,320.0 | LF $36.00 $83,520.00
Remove and Replace 12" PVC Water Line 575.0 | LF $72.00 $41,400.00
Trench Safety For Water Line 2,895.0 | LF $1.00 $2,895.00
Connections to Existing Water Line 20| EA $1,000.00 $2,000.00
Utility Adj. Subtotal $129,815.00
Paving
Asphalt Pavement Saw, Remove and Dispose 9,000.0 | SY $6.00 $54,000.00
6" Stabilized Subgrade Install 9,000.0 | SY $2.50 $22,500.00
6" Asphalt Pavement 9,000.0 | SY $33.00 $297,000.00
Install Concrete Curb and Gutter 5,400.0 | LF $3.00 $16,200.00
Paving Subtotal $389,700.00
SUBTOTAL: $956,510.00
MOBILIZATION 5| % $47,825.50 $47,825.50
CONTINGENCY 30| % $286,953.00 $286,953.00
SUBTOTAL: $1,291,290.00
|[ENGINEERING FEES 15[ % | $193,693.50 | $193,693.50

PROJECT TOTAL $1,485,000.00
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Table 2- Landon, Duty, Sunset existing conditions maximum WSEL output by node

Maximum Depth (feet)
Node Type
2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
J-Dul JUNCTION 0.79 0.82 0.83 0.85 0.87 0.88
J-Du2 JUNCTION 0.84 0.88 0.90 0.93 0.95 0.98
J-Du3 JUNCTION 0.84 0.87 0.89 0.92 0.94 0.96
J-lol JUNCTION 1.57 1.73 1.81 1.93 2.03 2.12
J-l02 JUNCTION 1.42 1.54 1.60 1.69 1.77 1.84
J-L1 JUNCTION 1.31 1.50 1.56 1.66 1.74 1.76
J-P-L1 JUNCTION 2.91 3.67 4.03 4.67 5.22 5.71
J-P-L2 JUNCTION 2.09 2.63 2.90 3.30 3.64 3.90
J-S1 JUNCTION 1.21 1.28 1.31 1.37 1.42 1.45
J-S2 JUNCTION 1.60 1.74 1.78 1.85 1.90 1.94
J-S3 JUNCTION 1.19 1.24 1.27 1.33 1.37 1.40
J-S4 JUNCTION 1.59 1.59 1.59 1.62 1.67 1.74
Loopll-A JUNCTION 1.45 2.02 2.35 2.93 3.45 3.91
Loopll-B JUNCTION 2.38 3.08 3.43 4.03 4.56 5.03
Loop11-C JUNCTION 2.77 3.50 3.85 4.47 5.01 5.49
Loopl1-D JUNCTION 3.17 3.91 4.26 4.89 5.43 5.91
Loopll-E JUNCTION 2.89 3.64 4.00 4.63 5.17 5.66
L-P1 JUNCTION 1.51 2.82 3.64 4.29 4,53 4,72
0O-P-D1 JUNCTION 1.93 2.62 2.96 3.55 4.07 4.54
S-P1 JUNCTION 3.22 3.44 3.54 3.71 3.85 3.98
J-EastLoop JUNCTION 1.12 1.33 1.44 1.70 2.19 2.93
J-P-EastLoop | JUNCTION 1.63 2.08 2.34 2.78 3.36 4.13
O-L1 OUTFALL 0.91 1.51 1.76 1.91 1.96 2.00
0O-OvF1 OUTFALL 0.00 0.00 0.00 0.00 0.00 0.00
0O-OvF2 OUTFALL 0.00 0.00 0.00 0.00 0.00 0.00
O-Loopll OUTFALL 1.45 1.77 1.92 2.13 2.29 2.40
0-S1 OUTFALL 1.68 1.74 1.77 1.82 1.85 1.89
Wichita Falls Drainage Master Plan Update 7

City of Wichita Falls, Wichita County, Texas
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Table 3 — Landon, Duty, Sunset inundation summary comparison

Summary of Inundation Depth by Frequency Event (ft)
2yr 5yr 10 yr 25 yr 50 yr 100 yr
Existing 35 37 38 43 43 43
No. structures Proposed 0 0 0 ) ) )
Existing 4.00 4.07 4.1 4.16 421 4.24
Max depth Proposed | 0.00 0.00 0.00 0.12 0.13 0.27
_ Existing | 0.19 0.23 0.11 0.16 0.21 0.24
Min depth Proposed | 0.00 | 0.00 | 0.00 0.12 0.13 0.27
Existing 1.93 1.93 1.92 1.79 1.85 1.89
Averagedepth | | osed | 000 | 000 | 0.00 0.12 0.13 0.27
Table 4 — Landon, Duty, Sunset inundation depth comparison
100-yr 100-yr
Existin Proposed
Address Inundatiin Inun?:lation
Depth Depth
1034 | Landon 1.01
1035 | Landon 1.01
3317 | Duty 0.58
3305 | Duty 0.67
1036 | Sunset 0.24
1103 | Sunset 0.24
1029 | Sunset 1.24
1034 | Sunset 0.24
1032 | Sunset 1.24
1027 | Sunset 1.24
1030 | Sunset 224
1023 | Sunset 224
1026 | Sunset 2.24
1019 | Sunset 224
1017 | Sunset 2.24
1024 | Sunset 2.24
1015 | Sunset 224
1022 | Sunset 3.24
1020 | Sunset 3.24
1013 | Sunset 3.24
1018 | Sunset 3.74
Address 100-yr 100-yr
Wichita Falls Drainage Master Plan Update 8

City of Wichita Falls, Wichita County, Texas
4/8/2011
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Existing Proposed
Inundation | Inundation
Depth Depth

1009 | Sunset 3.74

1016 | Sunset 3.74

1007 | Sunset 3.74

1014 | Sunset 3.74

1005 | Sunset 3.74

1012 | Sunset 4.24

1003 | Sunset 4.24

1010 | Sunset 4.24

1016 | Landon 0.64

1015 | Landon 0.64

1014 | Landon 0.64

1013 | Landon 0.64

1012 | Landon 0.64

1011 | Landon 1.64

1009 Landon 1.64

1007 | Landon 1.64

3320 | lowa Park 1.19

3316 | lowa Park 0.62 0.27
3314 | lowa Park 0.62 0.27
3308 | lowa Park 1.62

3304 | lowa Park 0.34

3228 | lowa Park 0.34

Number of Homes 43 2

Flooded
Wichita Falls Drainage Master Plan Update 9

City of Wichita Falls, Wichita County, Texas

4/8/2011
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Memorandum

Date:  Thursday, June 16, 2022
Project.  Canadian — Upper Red Regional Flood Plan
To:  Scott Hubley, PE, Freese and Nichols, Inc.

From:  David Dunn, PE (Texas PE No. 82630)
Toby Li, EIT

Subject: Rhea Road Drainage Project FMP

The initial evaluation for this project was conducted in 2011 as a part of the Wichita Falls
Drainage Master Plan Update by Freese and Nichols, Inc. (FNI) . Excerpts from that study are
included as Exhibit 1.

The Rhea Road drainage area was designed to convey runoff primarily by street flow to
McGrath Creek. Due to the lack of drainage infrastructure in the area, many structures along
Rhea Road are subject to significant flooding. Ben Milam Elementary School at 2960 Stearns
Avenue is flooded frequently. Additionally, previous studies have determined that McGrath
Creek has become insufficient in size to adequately contain runoff from a 100-year storm event.

Model Analysis

FNI created an EPA SWMM model composed of 25 junction nodes, 25 conduit links and one (1)
outfall. Street flow was modeled with irregular conduits reflecting the geometry of the street. The
five inlets at the downstream end of Rhea were represented using transverse weirs connecting
street junctions to pipe junctions.

Summary of Improvements

FNI proposed an upgraded storm drain system along Rhea Rd. The new system would have the
capability to eliminate structure flooding for the 100-year storm event?. The following is an
excerpt of the detailed proposed improvements.

1 Wichita Falls, Texas, Drainage Master Plan Update, Project: RHEA ROAD DRAINAGE PROJECT,
Freese and Nichols, Inc., 2011.

2 Note that the precipitation depths of these storm events were determined prior to the Atlas 14 update.
The 100-year 24-hour storm depth has not changed significantly in Wichita Falls, TX. NOAA Atlas 14

(weather.gov), figure 7.4

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
(972) 960-4400
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The upstream end proposed storm drain system for the Rhea project area begins at the
intersection of Rhea Road and Abbott Avenue, just to the west of the Ben Milam
Elementary School at 2960 Stearns Avenue. The storm drain reaches 1,825 LF
downstream where it outfalls at McGrath Creek, just downstream of the Rhea Road
crossing. Because this outfall must maintain a minimum elevation of 967.71 feet, the
proposed pipe is subject to limitations on the amount and slope and cover that are
available. Therefore, as the amount of flow in the system increases, the number of
barrels also must increase to provide adequate capacity. The proposed pipe begins on
Rhea Road about 275 LF north of Abbott Avenue with 1- 6’ X 3’ RCB and four (4) 15-foot
curb inlets. The pipe then increases to 2 - 6’X3’ RCBs at Abbott Avenue, then to 3 —
6°X3’ RCBs at just north of McGaha Avenue until it outfalls at McGrath Creek. The
proposed storm drain system includes the installation of sixteen (16) 15-foot inlets and
eight (8) 10-foot inlets. The existing storm drain system at Cunningham Drive shall be
removed and replaced with the proposed pipe system. The details and alignment of the
proposed pipe system are shown in Exhibit 2.

Modeling Results

In the original 2011 analysis, the hydraulic modeling results from EPA SWMM 5.0 show that the
proposed storm drain system for the Rhea Rd project area would eliminate flooding for all 27
structures during the 1 percent annual chance (100-year) storm event (and all smaller events).
Table 1 is from the 2011 report and summarizes results for the existing and proposed
conditions.

Table 1. Rhea Road Drainage Project FMP inundation summary comparison

Summary of Inundation Depth by Frequency Event (ft)
2yr Syr 10 yr 25yr 50 yr 100 yr
No. structures Existing 1 1 1 1 4 27
) Proposed 0 0 0 0 0 0
Existing 0.03 0.16 0.23 0.34 0.43 0.51
Max depth
P Proposed 0.00 0.00 0.00 0.00 0.00 0.00
. Existing 0.03 0.16 0.23 0.34 0.08 0.21
Min depth Proposed | 0.00 0.00 0.00 0.00 0.00 0.00
Average depth Existing 0.00 0.00 0.00 0.00 0.17 0.26
ge aep Proposed | 0.00 | 0.00 0.00 0.00 0.00 0.00
hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232

(972) 960-4400
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Benefit-Cost Analysis

TWDB requires each project included as an FMP in a regional flood plan to have a benefit/cost
analysis (BCA) performed. Many flood mitigation studies document a computed benefit/cost
ratio (BCR) and those can be incorporated into the regional flood plan. For situations where a
BCR is not available for a project, TWDB has developed the BCA Input Tool® to facilitate
calculations of costs and benefits. It estimates flood damages for residential buildings before
and after construction of the flood mitigation project for up to three recurrence interval flood
events. Because the TWDB BCA Workbook calculates costs and benefits for only three
recurrence intervals, a combination of two workbooks were used to complete calculations for six
recurrence interval events (2-year, 5-year, 10-year, 25-year, 50-year, and 100-year). The BCA
Input Tool is intended to be used in conjunction with the Federal Emergency Management
Agency (FEMA) BCA Toolkit 6.0%, which calculates annual benefits from the information
compiled in the TWDB BCA Input Tool. The annual benefits data are then entered back into the
TWDB BCA Input Tool which then computes the resulting BCR for the project.

Project Costs

FNI estimated the total project cost to be $2,098,000 in the 2011 Drainage Master Plan®. A
Construction Cost Index (CCI) factor of 1.27 was applied to convert the costs from 2011 to 2020
dollars, resulting in a project cost of $2,664,460. The construction was set to begin and end in
2020 to simplify the calculation of the BCR.

Flood Damages Before and After Implementation of the FMP

Based on Table 1, average depths of flooding at 26 residential structures and 1 commercial
structure were entered into the TWDB BCA Input Workbook for the 2-year, 5-year, 10-year, 25-
year, 50-year, and 100-year events for both the existing and the proposed conditions. According
to project descriptions, and in conjunction with Table 1, the Ben Milam Elementary School
floods at the 2-year through the 100-year events.

The TWDB BCA Input Workbook includes flood damage-by-depth values for residential homes
and commercial buildings in Texas. With each flood depth, there is a corresponding flood
damage associated with the type of structure. The workbook sums damages for all structures to
provide a comparison of damages before and after implementation of the FMP for each flood
event. The damages were then entered into the FEMA BCA Toolkit 6.0. By calculating the
annualized difference between the baseline and project damages for various return periods, The
FEMA BCA Tool produces the total annualized benefits of the project’s lifetime. The commercial
structure is an elementary school, which is considered to be a critical facility and additional
benefits for reducing flood risk to this critical facility were also incorporated into the analysis.

The total cost was entered into the TWDB BCA Input Workbook with estimated annual operation
and maintenance costs of 1% of the total capital cost for the assumed 30-year lifetime of the
project. The tool then was used to compute total costs for the project over the 30-year assumed
lifespan. The total annualized benefits as determined by the FEMA BCA Toolkit 6.0 were also

3 https://www.twdb.texas.gov/flood/planning/planningdocu/2023/doc/BCA%20Workbook.zip
4 https://www.fema.gov/grants/quidance-tools/benefit-cost-analysis
5 Drainage Master Plan Update Project: RHEA ROAD, page 5

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
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entered. The data are summarized in Figure 2, which is a screen capture of the Results tab from
the TWDB BCA Input Tool.

Note that the green shaded value of $3,361,870 represents the sum of the estimated total
benefits computed over the 30-year useful life at a discount rate of 7 percent, per FEMA
standards. The final BCR computed by the TWDB BCA Input Tool for the Rhea Road
Drainage Project FMP is 1.1 using the damages and benefits referenced to the 2-year, 5-year,
10-year, 25-year, 50-year, and 100-year events. This relatively small BCR can be attributed to
the small number of structures removed from flooding by the FMP in the smaller return period
flood events. The FMP removes 27 structures from the 100-year floodplain, 4 structures from
the 50-year floodplain, and 1 critical facility (elementary school) from flooding by 25-year and
smaller events.

Input Into BCA Toolkit

Project Useful Life 30

Event Damages Baseline Project

25 - year storm $744,433 50
50 - year storm 51,036,967 S0
100 - year storm 52,391,346 S0
Total Benefits from BCA Toolkit 53,361,870

Other Benefits (Not Iéf]creation}l S0

Recreation Benefits -

Total Costs $2,995,094 | '

Net Benefits 5366,776
Met Benefits with Recreation 5366,776
Final BCR 1.1
Final BCR with Recreation 1.1

Figure 2. BCA Workbook Results — Rhea Road Drainage Project FMP

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
(972) 960-4400
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No Negative Impact Analysis

No Negative Impact of Flood Risk

An FMP must have no negative impacts on its neighboring area due to its implementation. No
negative impact means that a project will not increase flood risk of surrounding properties. The
increase in flood risk must be measured by the 1 percent annual chance (100-year) event water
surface elevation and peak discharge, using the best available data. It is recommended that no
rise in water surface elevation or discharge should be permissible, and that the analysis extent
must be vast enough to prove proposed project conditions are equal to or less than the existing
conditions.

For the purposes of regional flood planning efforts, a determination of no negative impact can
be established if stormwater runoff does not increase inundation of infrastructure such as
residential and commercial buildings and structures. Additionally, all of the following
requirements, per TWDB Technical Guidelines, should be met to establish no negative impact,
as applicable:

1. Stormwater does not increase inundation in areas beyond the public right-of-way, project
property, or easement.

2. Stormwater does not increase inundation of storm drainage networks, channels, and
roadways beyond design capacity.

3. Maximum increase of 1D Water Surface Elevation must round to 0.0 feet (<0.05 ft) measured
along the hydraulic cross-section.

4. Maximum increase of 2D Water Surface Elevations must round to 0.3 feet (<0.35 ft)
measured at each computation cell.

5. Maximum increase in hydrologic peak discharge must be <0.5 percent measured at
computation nodes (sub-basins, junctions, reaches, reservoirs, etc.). This discharge restriction
does not apply to a 2D overland analysis.

For the Rhea Road Drainage Improvements FMP, the EPA SWMM 5.0 model developed by FNI
was used to assess and develop the project. Since no 2D model is available, only requirements
#1, #2, #3, and #5 apply. Computed depths at all nodes in the SWMM model decrease from
existing to proposed conditions, meeting the intent of criteria #4.

In Table 1, the existing conditions were compared to conditions with the proposed
improvements. In addition, in the Drainage Master Plan, flood depths at all 27 structures during
a 100-year flood are compared for existing and proposed conditions.® The comparison shows
that the project does not increase flooding at any location, meeting criteria #1. In the existing
conditions, 27 structures are flooded by overflows. However, in the proposed conditions,
overtopping depths decrease at all structures, and this meets criteria #2. Within the project

6 Drainage Master Plan Update Project: RHEA ROAD, Table 5.

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
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limits, there is no location where water surface elevations for the 100-year flood rises, meeting
criteria #3.

A comparison of flows at the outlet between the existing and proposed conditions in the SWMM
model shows that the peak discharge at the system outlet would increase from 693 cfs to 704
cfs during a 100-year flood, which is an increase of 1.5 percent. While this is an increase
greater than the 0.5 percent allowed under criteria #5, during final design of the project a full
hydrologic and hydraulic study would be completed with the possibility of including some
detention in the project to decrease peak discharges. The final project would be designed and
constructed to conform to the City’s drainage/floodplain management criteria and flood planning
requirements. Therefore, no negative impacts are anticipated and criteria #5 is met.

No Environmental Impacts
TWDB requires that environmental impacts be assessed for all eligible FMPs. Environmental
impact categories include

a. water quality;

b. cultural heritage;

c. habitat, biodiversity and ecology;
d. air quality;

e. natural resources; and

f. agricultural resources/properties.’

With the nature of the urban drainage improvement project, none of the above is applicable for
the Rhea Road Drainage Improvements FMP.

Populating the RFPG required Tables 13 and 16

TWDB requires that Tables 138 and 16° to be populated along with the submission of the report
and geodatabase. The required attributes are populated as follows. First, basic project
information (name, description, etc.) are extracted from the 2011 FNI study'®. Second, the
project extents are drawn into GIS, and after doing so, spatial attributes are obtained by
overlapping spatial layers (HUC12s, watersheds, etc.). Third, floodplain inundation information
is extracted from the modeling results of the 2011 study (area in 100-yr floodplain, number of
structures at 100-yr flood risk, etc.) for both pre-project and post-project conditions. Finally,
benefit-and-cost related attributes are derived from the BCA performed in this study (cost,
benefit-cost ratio, etc.).

Table 2 is a summary of key information in Tables 13 and 16 for Rhea Road Drainage Project.
The estimated number of structures at 100-year risk equals the number of structures in the 100-
year floodplain. Population is estimated based on three persons per structure. The estimated
length of roads at 100-year flood risk is measured from the length of roads inundated within the

7 Exhibit C Technical Guidelines for Regional Flood Planning, page 127.

8 Exhibit C Technical Guidelines for Regional Flood Planning, page 63.

9 Exhibit C Technical Guidelines for Regional Flood Planning, page 75.

10 Wichita Falls, Texas, Drainage Master Plan Update, Project: RHEA ROAD DRAINAGE PROJECT,
Freese and Nichols, Inc., 2011.
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100-year floodplain. The post-project level-of-service is determined by the recurrence interval of
the flood event in which no structures would be flooded. Finally, the cost/structure removed

equals the total cost divided by the total number of structures.

Table 2. Project highlights from Tables 13 and 16

FMP Name

Associated Goals
Watershed Name
Project Area (sq mi)

Area in 100-yr (1% annual chance) Floodplain (sq mi)
Estimated number of structures at 100yr flood risk
Estimated Population at 100-year flood risk
Estimated length of roads at 100-year flood risk (miles)

Number of Structures removed from 100-yr (1% annual

chance) flood risk

Pre-Project Level-of-Service
Post-Project Level-of-Service
Cost/Structure removed
Social Vulnerability Index (SVI)

Benefit-Cost Ratio

Rhea Road Drainage

Project

2001, 2002
Holliday Creek
0.3298
0.0188
27
81
0.31

27

Unknown
1% annual
$110,929
0.603
1.1

Exhibit 1: Excerpts from Wichita Falls Drainage Master Plan, Project: Rhea Road

hdrinc.com

17111 Preston Road, Suite 300, Dallas, TX 75248-1232
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1_‘L Drainage Master Plan Update

| T— Project: RHEA ROAD DRAINAGE PROJECT o I
Wichits Talls
TEXAS :
Blue Skies. Goldaen Opportunities. ._CORNERSTONE
Project Information Project Photos

Project ID: Area_38B Status: Studied
Project Name: RHEA ROAD DRAINAGE PROJECT Council District: 3
Project Type:  Pipe System Panel #: 87A, 87C
Date Identified: 1991 # Structures Impacted: 27

Problem Description:
The Rhea Road drainage area was designed to convey runoff primarily by street flow to McGrath
Creek. Due to the lack of drainage infrastructure in the area, many structures along Rhea Road are
subject to significant flooding. Ben Milam Elementary School at 2960 Stearns Avenue on grade with
Rhea Road and is known to flood in more frequent storm events. In addition, previous studies have
determined that McGrath Creek has become insufficient in size to adequately contain runoff from a
100-year storm. Based on City records, it appears that TxDOT has plans to improve the channel, but
not in the near future. Even though McGrath Creek is undersized, this area is still negatively impacted
by the lack of a sufficient storm drain system. This project was studied in 2011 FNI Master Plan Update.

Looking west on Rhea Road at existing inlet south of

Covington Dr.
Proposed Improvements: &

The proposed improvements call for the installation of a storm drain system along north on Rhea
Road that would eliminate structure flooding in the 100-year storm event. The proposed pipe begins
at the intersection of Rhea Road and Abbott Avenue, adjacent to the Ben Milam Elementary School
and reaches approximately 1,825 LF to the south where it outfalls at McGrath Creek, beginning with 1-
6'X3' RCB and increasing to 3-6'X3' RCBs.

CIP Ranking Criteria

Weight Score Project Costs

11.83 Life Safety/Road Flooding: 3 Conceptual Cost $2,000,000 to $3,000,000

8.84 Property Damage: 4 Range:

8.66 Frequency of Flooding: 5 Est. Construction $2,098,000.00

5.34 Project Cost: 1 Cost:

5.33 Maintenance Cost/Work Orders: 3
Total Weighted Point Score: 135.5 Looking south from Covington Drive at alley outfall into
CIP Rank: 5 McGrath Creek.

Wichita Falls, Texas 4/11/2011 Page 38 of 65



Volume 2 — Rhea Road Detailed Study F. ENI:EEEI.ES

RHEA ROAD

Background

The Rhea Road Drainage project is located just north of McGrath Creek which flows parallel to
Southwest Parkway in the southwest portion of Wichita Falls, and its drainage area is
approximately 132 acres in size and is bounded on the north by Call Field Drive and on the
south by Southwest Parkway. The study area primarily consists of single family residential
development with a small commercial section in the southern portion of the drainage area.
Runoff from this area is conveyed primarily by street flow from the northwest corner of the
drainage area to its outfall at the intersection of Rhea Road and McGrath Creek to the south.
There is a small storm drain system located at the southern end of Rhea Road that contains five
10-ft inlets that connect to a 3 X 6 ft box, approximately 210 feet in length. Photo 1 and 2 show
some of the existing inlets located near the intersections of Rhea Road and Cunningham Drive.
In addition, there is a 5 X 5 ft drop inlet on the northeast corner of Rhea Road and Southwest
Parkway that drains to McGrath Creek. McGrath Creek is a concrete lined channel that flows
from west to east along Southwest Parkway.

Photo 1 - Existing inlet located on Rhea Road

Problem Description

The Rhea Road drainage area was designed to convey runoff primarily by street flow to
McGrath Creek. Due to the lack of drainage infrastructure in the area, many structures along
Rhea Road are subject to significant flooding. Ben Milam Elementary School at 2960 Stearns
Avenue on grade with Rhea Road and is known to flood in more frequent storm events.

Wichita Falls Drainage Master Plan Update 1
City of Wichita Falls, Wichita County, Texas
4/8/2011
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In addition, previous studies have determined that McGrath Creek has become insufficient in
size to adequately contain runoff from a 100-year storm. Based on City records, it appears that
TxDOT has plans to improve the channel, but not in the near future. Even though McGrath
Creek is undersized, this area is still negatively impacted by the lack of a sufficient storm drain
system.

Photo 2 - Existing inlet on Rhea Road

Existing Conditions Analysis

FNI performed and existing conditions analysis of the Rhea Road drainage area and the natural
drainage swale to determine the extents of flooding in the area. EPA SWMM 5.0 was used for
the hydrologic and hydraulic analyses of this area.

Hydrology

The analysis of existing conditions was performed by dividing the 132 drainage basin into
seventeen (17) subcatchments ranging in size from 5.28 to 11.92 acres. The majority of these
subcatchments contain medium density residential development. The percentage of
impervious area used for these catchments was 50 percent. Runoff from this drainage area
generally flows from northwest to southeast, collecting onto Rhea Road and then traveling
south towards McGrath Creek. Before runoff reaches McGrath Creek, some flow is captured
by the existing storm drain system that begins near the intersection of Cunningham and Rhea
Road. The remainder of flow either enters McGrath Creek through the 5’X5’ drop inlet on
Southwest Parkway, or ponds and eventually spills over into the creek.

Wichita Falls Drainage Master Plan Update 2
City of Wichita Falls, Wichita County, Texas
4/8/2011
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Hydraulics

The hydraulic model is composed of 25 junction nodes, 25 conduit links and one (1) outfall.
Street flow was modeled with irregular conduits reflecting the geometry of the street. The five
inlets at the downstream end of Rhea were represented using transverse weirs connecting
street junctions to pipe junctions. The geometry of the pipe system was taken from storm
sewer plans provided by the City of Wichita Falls. A submerged orifice was used to represent
the drop inlet at the northeast corner of Rhea Road and Southwest Parkway. Outfall into
McGrath Creek was modeled by an outlet node just downstream of the Rhea Road crossing. A
fixed stage was given to the outfall to account for tailwater in McGrath Creek using tailwaters
for each storm that were determined using the effective hydraulic model provided by the City.
Table 1 shows the tailwater in the channel for each storm event.

Table 1- McGrath Creek outlet tailwaters

Tailwater Elevation (ft)
Storm Event

Outlet 1

2-yr 968.20
5-yr 968.50
10-yr 969.49
25-yr 971.12
50-yr 972.75
100-yr 973.50

Existing Conditions Results

An evaluation of existing conditions was performed to determine ROW flooding and structure
inundation. Based on the existing conditions analysis and the node depths in Table 3 there are
26 structures that have the potential to be flooding during the 100-year storm event for the
Rhea Road project area. Approximately 5,200 LF of right-of-way are exceeded 100-year storm
event. Exhibit 1 shows the geographic location of the possible flooded structures as well as the
extents of exceeded right-of-way.

Flood occurrences for the 100-year storm event throughout this study area can be attributed to
a lack of subsurface relief as well as an undersized existing storm drain system. In addition, the
Federal Emergency Management Agency (FEMA) study of McGrath Creek shows that the
channel cannot sufficiently contain runoff from a 100-year storm event.

Proposed Improvements

After the existing conditions study of the Rhea project area was completed, FNI presented the
results to the City along with proposed alternatives for discussion. It was recommended that

Wichita Falls Drainage Master Plan Update 3
City of Wichita Falls, Wichita County, Texas
4/8/2011
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the proposed solution would be a new storm drain system along Rhea that has capacity to
eliminate structure flooding for the 100-year storm event.

The upstream end proposed storm drain system for the Rhea project area begins at the
intersection of Rhea Road and Abbott Avenue, just to the west of the Ben Milam Elementary
School at 2960 Stearns Avenue. The storm drain reaches 1,825 LF downstream where it outfalls
at McGrath Creek, just downstream of the Rhea Road crossing. Because this outfall must
maintain a minimum elevation of 967.71 feet, the proposed pipe is subject to limitations on the
amount and slope and cover that are available. Therefore, as the amount of flow in the system
increases, the number of barrels also must increase to provide adequate capacity. The
proposed pipe begins on Rhea Road about 275 LF north of Abbott Avenue with 1- 6" X 3’ RCB
and four (4) 15-foot curb inlets. The pipe then increases to 2 - 6’X3’ RCBs at Abbott Avenue,
then to 3 — 6’X3’ RCBs at just north of McGaha Avenue until it outfalls at McGrath Creek. The
proposed storm drain system includes the installation of sixteen (16) 15-foot inlets and eight (8)
10-foot inlets. The existing storm drain system at Cunningham Drive shall be removed and
replaced with the proposed pipe system. The details and alignment of the proposed pipe
system are shown in Exhibit 2.

Results

An analysis of the proposed improvements described above was performed to determine the
amount of flooding that would be eliminated after implementation. Tables 4 and 5 provide a
summary of the difference in flooding from existing to proposed conditions. The results show
that the proposed storm drain system for the Rhea project area would eliminate all potential
structure flooding for the area in the 100-year storm event.

An opinion of probably construction cost was developed for the proposed improvements to the
Rhea study area. The estimated construction cost for the improvements described in this
section is approximately $2,098,000. A detailed breakdown of the cost analysis for the Rhea
Road project area is shown in Table 2. FNI suggests that the City implement the proposed
solutions as described above to resolve flooding problems in the area.

Wichita Falls Drainage Master Plan Update 4
City of Wichita Falls, Wichita County, Texas
4/8/2011
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PROPOSED PIPE SYSTEM
CITY OF WICHITA FALLS - DRAINAGE MASTERPLAN UPDATE

ACCOUNT NO. ESTIMATOR CHECKED BY DATE
WCH09429 BAM April 6, 2011
ITEM DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
General
Traffic Control 3.0 | MO $7,500.00 $22,500.00
Site Preparation 05| AC $25,000.00 $12,500.00
Erosion Control and SWPP Implementation 1.0| LS $10,000.00 $10,000.00
General Item Subtotal $45,000.00
Storm Drain
Trench Safety 1,825.0 | LF $2.00 $3,650.00
Unclassified Trench Excavation and Haul Off 3,000.0 [ CY $6.00 $18,000.00
Remove Existing 27" RCP 60.0 | LF $11.00 $660.00
Remove Existing 6'X 3' RCB 180.0 | LF $25.00 $4,500.00
Remove and Dispose of Existing Inlets and Laterals 10| LS $15,000.00 $15,000.00
Install 6'x3' RCB 4,325.0 | LF $170.00 $735,250.00
Install 18" RCP Lateral 240.0 | LF $35.00 $8,400.00
Install Manhole 3.0| EA $3,000.00 $9,000.00
Install Junction Box 20| EA $20,000.00 $40,000.00
Install 10" Curb Inlet 8.0 | EA $3,500.00 $28,000.00
Install 15' Curb Inlet 16.0 | EA $4,000.00 $64,000.00
Install Headwall at McGrath Creek 1.0| EA $20,000.00 $20,000.00
Storm Drain Subtotal $946,460.00
Utility Adjustments
Remove and Replace 8" PVC Water Line 1,925.0 | LF $48.00 $92,400.00
Trench Safety for Water Line 1,925.0 | LF $1.00 $1,925.00
Connections to Existing Water Line 20| EA $1,000.00 $2,000.00
Utility Adj Subtotal $96,325.00
Paving
Asphalt Pavement Saw, Remove and Dispose 6,000.0 | SY $6.00 $36,000.00
6" Stabilized Subgrade Install 6,000.0 | SY $2.50 $15,000.00
6" Asphalt Pavement 6,000.0 | SY $33.00 $198,000.00
Concrete Curb remove and replace 3,650.0 [ LF $4.00 $14,600.00
Paving Subtotal $263,600.00
SUBTOTAL: $1,351,385.00
MOBILIZATION 5] % $67,569.25 $67,569.25
CONTINGENCY 30| % $405,415.50 $405,415.50
SUBTOTAL: $1,824,369.75
|[ENGINEERING FEES 15] % | $273,655.46 $273,655.46

PROJECT TOTAL $2,098,000.00

NOTES: QUANTITY OF INSTALLATION OF REINFORCED CONCRETE BOX INCLUDES LENGTHS FOR MULTIPLE BARRELS
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Table 3 - EPA SWMM node depth output
Maximum WSEL (feet)
Node Type
2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
J-1 JUNCTION 999.32 | 999.37 | 999.39 | 999.43 | 999.46 | 999.48
J-2 JUNCTION 996.38 | 996.44 | 996.47 | 996.52 | 996.57 | 996.60
J-3 JUNCTION 992.51 | 992.59 | 992.63 | 992.68 | 992.73 | 992.77
J-4 JUNCTION 990.88 | 990.94 | 990.97 | 991.01 | 991.05| 991.08
J-5 JUNCTION 984.37 | 984.43 | 984.46 | 984.51 | 984.55 | 984.58
J-6 JUNCTION 984.97 | 985.05 | 985.10 | 985.15 | 985.19 | 985.23
J-7 JUNCTION 985.39 | 985.45 | 985.49 | 985.54 | 985.58 | 985.61
J-8a JUNCTION 983.64 | 983.73 | 983.79 | 983.87 | 983.93 | 983.98
J-8b JUNCTION 980.67 | 980.81 | 980.87 | 980.98 | 981.08 | 981.16
J-9 JUNCTION 981.10 | 981.18 | 981.22 | 981.29 | 981.35| 981.39
J-10 JUNCTION 981.62 | 981.71 | 981.75| 981.83 | 981.88 | 981.93
J-11 JUNCTION 97898 | 979.14 | 979.22 | 979.35| 979.46 | 979.55
J-12 JUNCTION 979.86 | 979.91 | 979.94 | 979.99 | 980.03 | 980.06
J-13 JUNCTION 978.03 | 978.16 | 978.23 | 978.34 | 978.43 | 978.51
J-14 JUNCTION 976.12 | 976.28 | 976.36 | 976.48 | 976.59 | 976.69
J-15 JUNCTION 975.00 | 975.19 975.29 975.44 975.58 975.88
J-16a | JUNCTION 974.39 | 974.47 | 97455 | 974.69 | 97499 | 975.73
J-16 JUNCTION 974.29 | 974.47 974.55 974.68 974.99 975.73
J-17a | JUNCTION 973.64 | 973.80 | 973.87 | 974.00 | 974.88 | 975.71
J-17b | JUNCTION 970.97 | 972.86 | 971.39 | 97295 | 972.95| 972.95
J-17c | JUNCTION 973.04 | 973.20 | 973.27 | 973.46 | 974.88 | 975.71
J-17e | JUNCTION 973.04 | 973.20 | 973.27 | 973.46 | 974.88 | 975.71
J-17d | JUNCTION 971.29 | 971.66 971.81 973.03 973.31 973.31
J-17f | JUNCTION 970.87 | 972.33 | 971.20| 972.17 | 973.03 | 973.03
J-17g | JUNCTION 968.68 | 969.73 | 971.28 | 973.22 | 974.46 | 974.94
01 OUTFALL 968.60 | 968.88 | 969.49 | 971.12 | 972.75| 973.50
S1 STORAGE 972.56 | 973.01 | 973.24 | 973.58 | 974.89 | 975.71
Table 4 — Rhea inundation summary comparison
Summary of Inundation Depth by Frequency Event (ft)
2yr 5yr 10 yr 25 yr 50 yr 100 yr
No. structures Existing 1 1 1 1 4 27
Proposed 0 0 0 0 0 0
Max depth Existing 0.03 0.16 0.23 0.34 0.43 0.51
Proposed 0.00 0.00 0.00 0.00 0.00 0.00
. Existin 0.03 0.16 0.23 0.34 0.08 0.21
Min depth Proposged 000 | 000 0.00 0.00 0.00 0.00
Average depth Existing 0.00 0.00 0.00 0.00 0.17 0.26
Proposed 0.00 0.00 0.00 0.00 0.00 0.00

Wichita Falls Drainage Master Plan Update
City of Wichita Falls, Wichita County, Texas

4/8/2011
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2948 Southwest
Pkwy 975.3 0.41 -
4510 Rhea Rd 975.5 0.21 -
4511 Rhea Rd 975.5 0.21 -
3011 Cunningham 975.5 0.21 -
3009 Cunningham 975.5 0.21 -
3008 Cunningham 975.5 0.21 -
3006 Cunningham 975.5 0.21 -
3004 Cunningham 975.5 0.21 -
3002 Cunningham 975.5 0.21 -
3000 Cunningham 975.5 0.21 -
2962 Cunningham 975.5 0.21 -
2960 Cunningham 975.5 0.21 -
2958 Cunningham 975.5 0.21 -
2956 Cunningham 975.5 0.21 -
2953 Cunningham 975.3 0.41 -
3001 Moffett Ave 975.5 0.23 -
3000 Moffett Ave 975.5 0.23 -
2962 Moffett Ave 975.5 0.23 -
2961 Moffett Ave 975.5 0.23 -
2960 Moffett Ave 975.5 0.23 -
2959 Moffett Ave 975.5 0.23 -
2958 Moffett Ave 975.5 0.23 -
2957 Moffett Ave 975.5 0.23 -
3001 Lavell Ave 975.5 0.38 -
2961 Lavell Ave 975.5 0.38 -
2959 Lavell Ave 975.5 0.38 -
2960 Stearns Ave 978.0 0.51 -

Number of Homes Flooded 27 0

Wichita Falls Drainage Master Plan Update
City of Wichita Falls, Wichita County, Texas

4/8/2011
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Memorandum

Date:  Thursday, June 16, 2022
Project.  Canadian — Upper Red Regional Flood Plan
To:  Scott Hubley, PE, Freese and Nichols, Inc.

From:  David Dunn, PE (Texas PE No. 82630)
Toby Li, EIT

Subject:  Spanish Trace Drainage Project FMP

The initial evaluation for this project was conducted in 2011 as a part of the Wichita Falls
Drainage Master Plan Update by Freese and Nichols, Inc. (FNI) . Excerpts from that study are
included as Exhibit 1.

Multiple residents on the eastern side of Sierra Madre Drive have complained of flooding and
filed a civil suit against the City claiming that drainage from Johnson Road to the north of these
properties overflows the abandoned irrigation canal that runs behind these homes on the east.
The homes have a finished floor elevation lower than the irrigation canal and therefore any
overtopping of the canal results in flooding. At the southern end of the irrigation canal there is a
headwall that intercepts flow and conveys it through a pipe system that continues east. The FNI
analysis indicates that this pipe system has insufficient capacity to convey flows from the canal,
causing the canal to overtop and flood eight adjacent properties with finished floor elevations
below the top of bank of the canal.

Model Analysis

FNI created an EPA SWMM model composed of 43 junction nodes, 61 conduit links and 7
outfalls. The model helps determine inundated structures and exceeded right-of-way from flows
at critical areas. The irregular canal and street flow were modeled with irregular conduits
reflecting the geometry of the street. The storm drain outfalls into Lake Wichita Tributary with a
9’x4’ RCB south of the Pyrenees Drive and Barnett Road intersection.

Sum mary of Improvements

FNI proposed a re-graded irrigation canal to convey additional flow north towards Johnson Road
in the opposite direction from current flow, connecting to the existing storm sewer system. The
renovated channel begins as a 30-foot wide, 1-foot deep triangular channel, transitioning to a 30
foot wide rectangular channel with a depth ranging from 2 to 7 feet. The new system would have
the capability to remove all 8 structures from the floodplain for the 100-year storm event?. The
following is an excerpt of the detailed proposed improvements.

1 Wichita Falls, Texas, Drainage Master Plan Update, Project: SPANISH TRACE DRAINAGE PROJECT,
Freese and Nichols, Inc., 2011.

2 Note that the precipitation depths of these storm events were determined prior to the Atlas 14 update.
The 100-year 24-hour storm depth has not changed significantly in Wichita Falls, TX. NOAA Atlas 14

(weather.gov), figure 7.4

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
(972) 960-4400
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The proposed canal improvements will encompass the entire 1,500-foot length of the
canal from the 48” RCP headwall to Johnson Road. In order to re-grade the channel to
convey runoff north fill will be placed in the southern portion of the channel and the 48”
RCP will be plugged.

On top of the fill a triangular channel will be constructed with 30-foot width and 1 foot
depth with a concrete pilot channel. The channel will convey runoff toward Johnson
Road with a slope of 0.003 ft/ft. At approximately 1,000 feet south of Johnson Road the
channel will transition to a rectangular channel that will have a 30-foot bottom width and
a depth ranging from 2 to 7 feet, getting deeper as it gets closer to Johnson Road.
Approximately 30 feet of proposed 36” RCP will intercept the channel flow at a headwall
on the south side of Johnson Road and will be connected to the existing 42” RCP of the
Johnson Road storm sewer system. Exhibit 2 shows the location and features of the
proposed pipe system for the Cherokee project area.

In addition to the proposed improvements described above, FNI also investigated the
possibility of adding a parallel system to the existing 48” RCP or installing a new pipe at
the south end of the canal to convey flow south on Catskills and then discharge into
Lake Wichita Tributary. Both were determined to be not financially feasible. The first
option would involve tunneling under the existing school gymnasium that sits on top of
the existing pipe system alignment. Due to the large cost of tunneling, FNI determined
that this option was not a feasible solution. The second option investigated the feasibility
of installing a new pipe system that would convey runoff from the south end of the canal
southwest along Catskills Drive and then discharge into Lake Wichita Tributary. To
accomplish the proposed 1,700-foot pipe system two homes would need to be bought
out, a home on the corner of Catskills Drive and Sierra Madre Drive and a home on the
corner of Catskills Drive and Pyrenees Drive. Due to the cost of the home buyouts and
the new pipe installation, FNI determined that this was also not a feasible solution.

Modeling Results

In the original 2011 analysis, the hydraulic modeling results from EPA SWMM 5.0 show that the
proposed Spanish Trace Drainage Project would eliminate flooding for all 8 structures during the
1 percent annual chance (100-year) storm event (and all smaller events). Table 1 is from the
2011 report and summarizes results for the existing and proposed conditions.

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
(972) 960-4400
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Table 1. Spanish Trace Drainage Project FMP inundation summary comparison

Summary of Inundation Depth by Frequency Event (ft)
2yr S5yr 10 yr 25yr 50 yr 100 yr
Existing 0 8 8 8 8 8
No. st rlT.lctures Proposed 0 0 0 0 1] 0
Existing 0 0.30 0.39 0.51 0.60 0.65
Max depth Proposed 0 0 0 0 0 0
. Existing 0 0.28 0.36 0.46 0.53 0.57
Min depth Proposed 0 0 0 0 0 0
Existing 0 0.29 0.38 0.49 0.57 0.62
Average depth Proposed 0 0 0 0 0 0

Benefit-Cost Analysis

TWDB requires each project included as an FMP in a regional flood plan to have a benefit/cost
analysis (BCA) performed. Many flood mitigation studies document a computed benefit/cost
ratio (BCR) and those can be incorporated into the regional flood plan. For situations where a
BCR is not available for a project, TWDB has developed the BCA Input Tool® to facilitate
calculations of costs and benefits. It estimates flood damages for residential buildings before
and after construction of the flood mitigation project for up to three recurrence interval flood
events. Because the TWDB BCA Workbook calculates costs and benefits for only three
recurrence intervals, a combination of two workbooks were used to complete calculations for six
recurrence interval events (2-year, 5-year, 10-year, 25-year, 50-year, and 100-year). The BCA
Input Tool is intended to be used in conjunction with the Federal Emergency Management
Agency (FEMA) BCA Toolkit 6.0%, which calculates annual benefits from the information
compiled in the TWDB BCA Input Tool. The annual benefits data are then entered back into the
TWDB BCA Input Tool which then computes the resulting BCR for the project.

Project Costs

FNI estimated the total project cost to be $730,300 in the 2011 Drainage Master Plan®. A
Construction Cost Index (CCI) factor of 1.27 was applied to convert the costs from 2011 to 2020
dollars, resulting in a project cost of $927,481. The construction was set to begin and end in
2020 to simplify the calculation of the BCR.

Flood Damages Before and After Implementation of the FMP

Based on Table 1, average depths of flooding at 8 residential structures were entered into the
TWDB BCA Input Workbook for the 2-year, 5-year, 10-year, 25-year, 50-year, and 100-year
events for both the existing and the proposed conditions.

The TWDB BCA Input Workbook includes flood damage-by-depth values for residential homes
and commercial buildings in Texas. With each flood depth, there is a corresponding flood
damage associated with the type of structure. The workbook sums damages for all structures to

3 https://www.twdb.texas.gov/flood/planning/planningdocu/2023/doc/BCA%20Workbook.zip
4 https://www.fema.gov/grants/quidance-tools/benefit-cost-analysis
5 Drainage Master Plan Update Project: SPANISH TRACE, page 7

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
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provide a comparison of damages before and after implementation of the FMP for each flood
event. The damages were then entered into the FEMA BCA Toolkit 6.0. By calculating the
annualized difference between the baseline and project damages for various return periods, The
FEMA BCA Tool produces the total annualized benefits of the project’s lifetime.

The total cost was entered into the TWDB BCA Input Workbook with estimated annual operation
and maintenance costs of 1% of the construction costs for the assumed 30-year lifetime of the
project. The tool then was used to compute total costs for the project over the 30-year assumed
lifespan. The total annualized benefits as determined by the FEMA BCA Toolkit 6.0 were also
entered. The data are summarized in Figure 2, which is a screen capture of the Results tab from
the TWDB BCA Input Tool.

Note that the green shaded value of $1,237,219 represents the sum of the estimated total
benefits computed over the 30-year useful life at a discount rate of 7 percent, per FEMA
standards. The final BCR computed by the TWDB BCA Input Tool for the Spanish Trace
Drainage Project FMP is 1.2, using the damages and benefits referenced to the 2-year, 5-year,
10-year, 25-year, 50-year, and 100-year events. Even though there are only 8 residential
structures removed from flooding by the FMP, the relatively low cost of the project has helped
keep the BCR greater than 1.0.

Input Into BCA Toolkit

Project Useful Life 30

Event Damages Baseline Project

25 - year storm 4523,638

50 - year storm 4542051 S0
100 - year storm 4G5L,027 S0
Total Benefits from BCA Toolkit 51,237,219

Other Benefits (Not Recreation) 50

Recreation Benefits

Total Costs 51,042,572
Met Benefits 5194,647
Met Benefits with Recreation 5194,547
Final BCR 1.2
Final BCR with Recreation 1.2

Figure 2. BCA Workbook Results — Spanish Trace Drainage Project FMP

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
(972) 960-4400


https://hdrinc.com

FR

No Negative Impact Analysis

No Negative Impact of Flood Risk

An FMP must have no negative impacts on its neighboring area due to its implementation. No
negative impact means that a project will not increase flood risk of surrounding properties. The
increase in flood risk must be measured by the 1 percent annual chance (100-year) event water
surface elevation and peak discharge, using the best available data. It is recommended that no
rise in water surface elevation or discharge should be permissible, and that the analysis extent
must be vast enough to prove proposed project conditions are equal to or less than the existing
conditions.

For the purposes of regional flood planning efforts, a determination of no negative impact can
be established if stormwater runoff does not increase inundation of infrastructure such as
residential and commercial buildings and structures. Additionally, all of the following
requirements, per TWDB Technical Guidelines, should be met to establish no negative impact,
as applicable:

1. Stormwater does not increase inundation in areas beyond the public right-of-way, project
property, or easement.

2. Stormwater does not increase inundation of storm drainage networks, channels, and
roadways beyond design capacity.

3. Maximum increase of 1D Water Surface Elevation must round to 0.0 feet (<0.05 ft) measured
along the hydraulic cross-section.

4. Maximum increase of 2D Water Surface Elevations must round to 0.3 feet (<0.35 ft)
measured at each computation cell.

5. Maximum increase in hydrologic peak discharge must be <0.5 percent measured at
computation nodes (sub-basins, junctions, reaches, reservoirs, etc.). This discharge restriction
does not apply to a 2D overland analysis.

For the Spanish Trace Drainage Improvements FMP, the EPA SWMM 5.0 model developed by
FNI was used to assess and develop the project. Since no 2D model is available, only
requirements #1, #2, #3, and #5 apply. However, computed depths at all nodes in the SWMM
model decrease from existing to proposed conditions (with one exception explained below),
meeting the intent of criteria #4.

In Table 1, the existing conditions were compared to conditions with the proposed
improvements. In addition, in the Drainage Master Plan, flood depths at all 8 structures during a
100-year flood are compared for existing and proposed conditions.® The comparison shows that
the project does not increase flooding at any location, meeting criteria #1. In the existing
conditions, 8 structures are flooded by overflows. However, in the proposed conditions,
overtopping depths decrease at all structures, and this meets criteria #2. Although the original

6 Drainage Master Plan Update Project: SPANISH TRACE, Table 4.

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
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report notes there is an increase of 0.46 ft at one node at the upstream end of Barnett Road’,
there are no homes in that area, and the effects are dissipated before the Barnett Road and
Johnson Road intersection. Therefore, criteria #2 and #3 are still met.

A comparison of flows at the outlet between the existing and proposed conditions in the SWMM
model shows that the peak discharge at the system outlet would increase from 1106 cfs to 1138
cfs during a 100-year flood, which is an increase of 2.9 percent. While this is an increase
greater than the 0.5 percent allowed under criteria #5, during final design of the project a full
hydrologic and hydraulic study would be completed with the possibility of including some
detention in the project to decrease peak discharges. The final project would be designed and
constructed to conform to the City’s drainage/floodplain management criteria and flood planning
requirements. Therefore, no negative impacts are anticipated and criteria #5 is met.

No Environmental Impacts
TWDB requires that environmental impacts be assessed for all eligible FMPs. Environmental
impact categories include

. water quality;

. cultural heritage;

. habitat, biodiversity and ecology;
. air quality;

. hatural resources; and

. agricultural resources/properties.®

O O O T D

—h

With the nature of the urban drainage improvement project, none of the above is applicable for
the Spanish Trace Drainage Improvements FMP.

Populating the RFPG required Tables 13 and 16

TWDB requires that Tables 13° and 16° to be populated along with the submission of the report
and geodatabase. The required attributes are populated as follows. First, basic project
information (name, description, etc.) are extracted from the 2011 FNI study!!. Second, the
project extents are drawn into GIS, and after doing so, spatial attributes are obtained by
overlapping spatial layers (HUC12s, watersheds, etc.). Third, floodplain inundation information
is extracted from the modeling results of the 2011 study (area in 100-yr floodplain, number of
structures at 100-yr flood risk, etc.) for both pre-project and post-project conditions. Finally,
benefit-and-cost related attributes are derived from the BCA performed in this study (cost,
benefit-cost ratio, etc.).

Table 2 is a summary of key information in Tables 13 and 16 for the Spanish Trace Drainage
Project. The estimated number of structures at 100-year risk equals the number of structures in

7 Drainage Master Plan Update Project: SPANISH TRACE, Page 4

8 Exhibit C Technical Guidelines for Regional Flood Planning, page 127.

9 Exhibit C Technical Guidelines for Regional Flood Planning, page 63.

10 Exhibit C Technical Guidelines for Regional Flood Planning, page 75.

11 Wichita Falls, Texas, Drainage Master Plan Update, Project: SPANISH TRACE DRAINAGE PROJECT,
Freese and Nichols, Inc., 2011.
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the 100-year floodplain. Population is estimated based on three persons per structure. The
estimated length of roads at 100-year flood risk is measured from the length of roads inundated
within the 100-year floodplain. The post-project level-of-service is determined by the recurrence
interval of the flood event in which no structures would be flooded. Finally, the cost/structure
removed equals the total cost divided by the total number of structures.

Table 2. Project highlights from Tables 13 and 16

Spanish Trace

Al Drainage Project
Associated Goals 2001, 2002
Watershed Name Holliday Creek
Project Area (sq mi) 0.0461
Area in 100-yr (1% annual chance) Floodplain (sq mi) 0.0040
Estimated number of structures at 100yr flood risk 8
Estimated Population at 100-year flood risk 24
Estimated length of roads at 100-year flood risk (miles) 0.00

Number of Structures removed from 100-yr (1% annual

chance) flood risk 8
Pre-Project Level-of-Service Unknown
Post-Project Level-of-Service 1% annual

Cost/Structure removed $130,322
Social Vulnerability Index (SVI) 0.508
Benefit-Cost Ratio 1.2

Exhibit 1: Excerpts from Wichita Falls Drainage Master Plan, Project: Spanish Trace

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
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1j Drainage Master Plan Update s

| —— Project: SPANISH TRACE DRAINAGE PROJECT [ I

Wichita Talls

TEXAS
Blie Skies. cotten Qpportantties. CORNERSTONE
Project Information Project Photos

Project ID: Area_58 Status: Studied
Project Name: SPANISH TRACE DRAINAGE PROJECT Council District: 3
Project Type:  Pipe System Panel #: 898, 89D, 88A
Date Identified: 1994 # Structures Impacted: 10

Problem Description:
Multiple residents on the eastern side of Sierra Madre Drive have complained of flooding and filed a
civil suit against the City claiming that drainage from Johnson Road to the north of these properties
overflows the irrigation ditch that runs behind these homes on the east. The homes have a finished
floor elevation lower than the irrigation ditch and therefore any overtopping of the canal results in
flooding. At the southern end of the irrigation ditch there is a headwall that intercepts flow and
conveys it through a pipe system that continues east. This project was studied in 2011 FNI Master Plan
Update.

Looking northwest along the irrigation canal east of Sierra

Proposed Improvements:
p p Madre Dr.

Although this project is partially complete with the addition of a drainage system along Johnson Road,
the proposed improvements to this area call for the irrigation canal to be re-graded to convey flow
north towards Johnson Road, connecting to the existing torm sewer system. The 48" RCP at the
southern end of the canal will be plugged and fill will be placed in the canal so that it flows to the
north. The renovated channel begins as a 30 foot wide, 1 foot deep triangular channel, transitioning
to a 30 foot wide rectangular channel with a depth ranging from 2 to 7 feet. These proposed

CIP Ranking Criteria

Weight Score Project Costs
Conceptual Cost $500,000 to $1,000,000

11.83 Life Safety/Road Flooding: 0

8.84 Property Damage: , Range:

8.66 Frequency of Flooding: 4  Est. Construction $730,300.00

5.34 Project Cost: 3 Cost:

5.33 Maintenance Cost/Work Orders: 3
Total Weighted Point Score: 84.3 Looking east at the inlet headwall on the south end of the
CIP Rank: 21 irrigation ditch.

Wichita Falls, Texas 4/11/2011 Page 58 of 65



Volume 2 — Spanish Trace Detailed Study r. ;N'EEEELES

SPANISH TRACE
Background

The Spanish Trace project area is located south of Johnson Road and west of Cypress Avenue.
The project area is comprised of single family residential development. Runoff in the area is
conveyed through surface drainage, storm sewer systems and an abandoned irrigation canal.
The abandoned irrigation canal is located behind the homes on Sierra Madre Drive and Spanish
Trace. Runoff in the canal south of Johnson Road is conveyed to the south where it is
intercepted by a 48” RCP. The irrigation canal north of Johnson Road used to be conveyed south
across Johnson Road through a 48” RCP culvert but was plugged on the south end and
redirected to an extended storm sewer system constructed on Johnson Road based on as-built
plans from Corlett, Probst and Boyd, LLP dated February 2004. The Johnson Road storm sewer
system conveys runoff west on Johnson Road and then south on Barnett Road until it
discharges into Lake Wichita Tributary.

Problem Description

Flooding complaints were received from residents on the west side of the irrigation canal on
Sierra Madre between 1996 and 2000. Houses on the west side of the irrigation canal have a
finished floor elevation below the top bank of the canal which makes them susceptible to
flooding in the event that the canal is overtopped. Photo 1 is looking north from the south end
of the irrigation canal.

Photo 1 - Looking north at the irrigation canal.

Wichita Falls Drainage Master Plan Update 1
City of Wichita Falls, Wichita County, Texas
4/8/2011
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Existing Conditions Analysis

FNI performed an analysis of the irrigation canal capacity, the 48” RCP discharge pipe, and
flumes in the area. EPA SWMM 5.0 was used for the hydrologic and hydraulic analyses of this
area.

Hydrology

The drainage areas that discharge into the canal and Lake Wichita Tributary are approximately
21.6 acres and 189.2 acres, respectively, and both consist of medium residential development.
The drainage area is bordered on the north by Johnson Road and on the east and west by Sierra
Madre Drive and Cypress Avenue. For the hydrologic study, the canal drainage area was broken
up into six (6) subcatchments ranging in size from 1.84 to 5.44 acres. The Johnson Road pipe
drainage area was broken up into fifteen (15) subcatchments ranging in size from 1.17 to 58.1
acres Curve numbers for each sub basin were calculated based on soil type and future land use
provided by the City.

Runoff from the canal area drains towards the canal by surface runoff or through flumes
located at the west ends of the Capistrano Court and Court de Casitas cul-de-sacs. Flow is then
directed south to 48” RCP and conveyed north east for approximately 3,070 feet and under a
school gymnasium before outfalling into an open channel north of Johnson Road and west of
Fairway Boulevard. A small portion of runoff is conveyed in the alley north of Catskills Drive and
discharges through a flume between 5112 and 5110 Catskills Drive onto Catskills Drive where it
is then conveyed through curb and gutter.

The trapezoidal irrigation canal has approximately a 10 foot bottom width with a maximum
depth of 4 feet and 1:1 side slopes. The canal is approximately 1,500 feet in length. The
capacity of the canal is 167 cfs. The capacity of the intercepting 48”RCP at the south end of the
canal is 38 cfs and the 100-year flow is 119 cfs, which means the pipe is insufficient and causes
a high headwater that floods the houses on Sierra Madre Drive. The concrete flume between
the 5112 and 5110 Catskills Drive is rectangular and approximately 2 feet wide and 1 foot deep.
The flume is approximately 140 feet in length and has a capacity of 17 cfs and the 100-year flow
is 17.81 cfs, which means the flume is adequately sized.

Runoff from the Johnson Road storm drain area drains towards Johnson Road or Barnett Road
and is intercepted in curb inlets and conveyed south through a storm drain system. The storm
drain outfalls into Lake Wichita Tributary with a 9’x4’ RCB south of the Pyrenees Drive and
Barnett Road intersection. The storm drain system has a capacity of approximately the 5-year
storm event with depths in the road reaching approximately 1.6 inches during the 100-year
storm event.

Wichita Falls Drainage Master Plan Update 2
City of Wichita Falls, Wichita County, Texas
4/8/2011
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Hydraulics

Along with the hydrologic model, FNI also constructed a hydraulic model using SWMM for the
Spanish Trace study area. The system was modeled to determine the depths of flow at critical
areas in order to identify locations of inundated structures as well as exceeded right-of-way.
A hydraulic model made up of 43 junctions, 61 links, and 7 outfalls was developed to represent
storm water runoff through this area. The irrigation canal and roadway drainage were modeled
as irregular channels with appropriate Manning’s n-values to show the geometry of the feature
and any overbank flow that might occur. Data for the existing pipe system located on Johnson
Road and Barnett Road was taken from as builts and storm drain CAD files acquired from the
City of Wichita Falls.

Existing Conditions Results

Existing analysis shows that south end of the canal has a maximum depth of 4.38 feet for the
100-year storm event and starts spilling over to the west at a depth of 4 feet. Weirs were
modeled from the irrigation canal to account for any spillover onto the properties west of the
canal. The weirs show approximately 90 cfs will spillover starting approximately 385 feet north
of the 48” RCP headwall. Properties to the west of the canal are below the top banks of the
canal it is possible that these flows could cause flooding.

Based on the existing analysis and the node depths in Table 2 there are eight (8) structures that
have the potential to be flooded during the 100-year storm event for the Spanish Trace project
area. Table 3 shows the properties flooding during the 100-year storm event and that are
shown on Exhibit 1. All flooded structures are located on Sierra Madre Drive, west of the
irrigation canal. A summary of flooded structures by storm event is shown in Table 4. Finished
floors were estimated at 0.5 feet above the lowest adjacent grade based on site visit
observation and two-foot topography.

Proposed Improvements

After the existing conditions study of the Spanish Trace project area was completed, FNI
presented the results to the City along with proposed alternatives for discussion. It was
recommended that the proposed solution would be to re-grade the irrigation canal to convey
flow north towards Johnson Road and connect to the existing storm sewer system to eliminate
structure flooding for the 100-year storm event.

Proposed Canal Improvements

The proposed canal improvements will encompass the entire 1,500 foot length of the canal
from the 48” RCP headwall to Johnson Road. In order to re-grade the channel to convey runoff
north fill will be placed in the southern portion of the channel and the 48” RCP will be plugged.

Wichita Falls Drainage Master Plan Update 3
City of Wichita Falls, Wichita County, Texas
4/8/2011
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On top of the fill a triangular channel will be constructed with 30 foot width and 1 foot depth
with a concrete pilot channel. The channel will convey runoff toward Johnson Road with a slope
of 0.003 ft/ft. At approximately 1,000 feet south of Johnson Road the channel will transition to
a rectangular channel that will have a 30 foot bottom width and a depth ranging from 2 to 7
feet, getting deeper as it gets closer to Johnson Road. Approximately 30 feet of proposed 36”
RCP will intercept the channel flow at a headwall on the south side of Johnson Road and will be
connected to the existing 42” RCP of the Johnson Road storm sewer system. Exhibit 2 shows
the location and features of the proposed pipe system for the Cherokee project area.

In addition to the proposed improvements described above, FNI also investigated the possibility
of adding a parallel system to the existing 48” RCP or installing a new pipe at the south end of
the canal to convey flow south on Catskills and then discharge into Lake Wichita Tributary. Both
were determined to be not financially feasible. The first option would involve tunneling under
the existing school gymnasium that sits on top of the existing pipe system alignment. Due to the
large cost of tunneling, FNI determined that this option was not a feasible solution. The second
option investigated the feasibility of installing a new pipe system that would convey runoff from
the south end of the canal southwest along Catskills Drive and then discharge into Lake Wichita
Tributary. To accomplish the proposed 1,700 foot pipe system two homes would need to be
bought out, a home on the corner of Catskills Drive and Sierra Madre Drive and a home on the
corner of Catskills Drive and Pyrenees Drive. Due to the cost of the home buy-outs and the new
pipe installation, FNI determined that this was also not a feasible solution.

Results

An analysis of the proposed improvements described above was performed to determine the
amount of flooding that would be eliminated after implementation. Tables 3 and 4 provide a
summary of the difference in flooding from existing to proposed conditions. The results show
that the proposed canal improvements for the Spanish Trace project area would eliminate all
potential structure flooding for the area in the 100-year storm event.

Since flow is being added to the Johnson Road storm sewer system a comparison was
performed on node and street depths for the system between existing and proposed
conditions. One node registered an increase in depth of 0.46 feet at the upstream end of
Barnett Road. The proposed depth in the street at this location is increased to 1.56 feet. There
are no homes in the area that would experience flooding from this increase and the effects are
dissipated before the Barnett Road and Johnson Road intersection.

An opinion of probable construction cost was developed for the proposed improvements to the
Spanish Trace study area. The estimated construction cost for the improvements described in
this section is approximately $730,300. A detailed breakdown of the cost analysis for the

Wichita Falls Drainage Master Plan Update 4
City of Wichita Falls, Wichita County, Texas
4/8/2011
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Spanish Trace project area is shown in Table 1. FNI suggests that the City implement the
proposed solutions as described above to resolve flooding problems in the area.

Wichita Falls Drainage Master Plan Update 5
City of Wichita Falls, Wichita County, Texas
4/8/2011



AREA 58 - SPANISH TRACE
FREESE
(@] a OPINION OF PROBABLE CONSTRUCTION COST
.'l ‘NICHOLS

PROPOSED CHANNEL REGRADE AND PIPE
CITY OF WICHITA FALLS - DRAINAGE MASTERPLAN UPDATE

ACCOUNT NO. ESTIMATOR CHECKED BY DATE
WCHO09429 BAM April 6, 2011
ITEM DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
General
Traffic Control 3.0 | MO $5,000.00 $15,000.00
Site Preparation 05| AC $25,000.00 $12,500.00
Erosion Control and SWPPP Implementation 1.0| LS $5,000.00 $5,000.00
General Item Subtotal $32,500.00
Storm Drain
Trench Safety 30.0| LF $2.00 $60.00
Install 36" RCP 30.0 | LF $68.00 $2,040.00
Pressure Grouting 1,430.0 | CY $150.00 $214,500.00
Storm Drain Subtotal $216,600.00
Utility Adjustments
Remove and Replace 8" PVC Sewer Line 1,500.0 | LF $48.00 $72,000.00
Trench Safety for Sewer Line 1,500.0 | LF $1.00 $1,500.00
Connections to Existing Sewer Line 20| EA $1,000.00 $2,000.00
Utility Adj. Subtotal $75,500.00
Channel Improvements
Unclassified Excavation (Channel) 3,333.0 | CY $15.00 $49,995.00
6" Reinforced Concrete Lining 3,833.0 | SY $25.00 $95,825.00
Paving Subtotal $145,820.00
SUBTOTAL: $470,420.00
MOBILIZATION 5 % $23,521.00 $23,521.00
CONTINGENCY 30| % $141,126.00 $141,126.00
SUBTOTAL: $635,070.00
ENGINEERING FEES 15] % | $95,260.50 $95,260.50

PROJECT TOTAL $730,300.00

NOTES: AVERAGE HEIGHT OF 4.5 FEET ASSUMED FOR RECTANGULAR CONCRETE CHANNEL SECTION.
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Table 2- Spanish Trace existing conditions maximum WSEL output by node
il Type Maximum Depth (feet)
2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
J-B1 JUNCTION 0.64 0.74 0.79 0.87 0.95 1.02
J-B10 JUNCTION 0.56 0.85 1.01 1.25 1.45 1.61
J-B1A JUNCTION 1.70 3.37 3.37 3.37 3.37 3.37
J-B2 JUNCTION 0.87 1.01 1.09 1.21 1.30 1.38
J-B3 JUNCTION 0.66 0.78 0.85 0.95 1.02 1.09
J-B4 JUNCTION 0.53 0.67 0.77 0.93 1.05 1.15
J-B5 JUNCTION 0.55 0.69 0.80 0.97 1.10 1.20
J-B6 JUNCTION 0.67 0.85 0.99 1.20 1.36 1.49
J-B7 JUNCTION 0.55 0.71 0.83 1.01 1.17 1.28
J-B8 JUNCTION 0.59 0.81 0.96 1.18 1.37 1.51
J-B9 JUNCTION 0.57 0.84 1.01 1.26 1.47 1.63
J-C1 JUNCTION 2.36 3.04 3.13 3.27 3.37 3.45
J-C2 JUNCTION 2.78 3.45 3.55 3.68 3.78 3.85
J-C3 JUNCTION 3.09 3.76 3.85 3.97 4.06 411
J-C4 JUNCTION 0.49 0.63 0.72 0.83 0.93 0.96
J-J1 JUNCTION 0.73 1.02 1.13 1.26 1.37 1.46
J-J2 JUNCTION 0.26 0.48 0.64 0.82 0.96 1.06
J-L1 JUNCTION 0.29 0.34 0.36 0.40 0.42 0.44
J-P1 JUNCTION 3.43 4.10 4.18 4.28 4.35 4.39
J-P-B1 JUNCTION 2.62 5.95 5.48 5.42 5.36 5.51
J-P-B10 | JUNCTION 5.22 5.63 5.76 5.94 6.07 6.17
J-P-B11 | JUNCTION 3.74 4.07 413 4.22 4.29 4.34
J-P-B1A | JUNCTION 6.67 6.97 7.08 7.21 7.32 7.41
J-P-B2 JUNCTION 4.54 6.07 6.20 6.37 6.44 6.53
J-P-B2A | JUNCTION 4.68 6.75 7.01 7.07 7.12 7.17
J-P-B3 JUNCTION 6.20 7.86 8.34 8.33 8.49 8.61
J-P-B3A | JUNCTION 7.41 9.88 10.06 10.25 10.39 10.51
J-P-B4 JUNCTION 6.64 8.71 9.00 9.32 9.51 9.66
J-P-B5 JUNCTION 6.86 8.71 9.00 9.32 9.51 9.65
J-P-B6 JUNCTION 6.63 8.10 8.39 8.70 8.88 9.02
J-P-B7 JUNCTION 6.26 7.61 7.81 7.99 8.17 8.31
J-P-B8 JUNCTION 6.96 8.18 8.37 8.24 8.41 8.54
J-P-B9 JUNCTION 7.14 7.54 7.71 7.94 8.11 8.24
J-P-IC1 | JUNCTION 2.73 4.82 5.00 5.00 5.00 5.00
J-P-IC2 | JUNCTION 2.80 4.89 5.13 5.16 5.18 5.23
J-P-IC3 | JUNCTION 3.98 6.06 6.30 6.34 6.38 6.42
J-P-L1 JUNCTION 0.47 2.08 2.58 3.35 3.38 3.03
Node Type Maximum Depth (feet)
Wichita Falls Drainage Master Plan Update 7

City of Wichita Falls, Wichita County, Texas

4/8/2011
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2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
J-P-L2 JUNCTION 6.64 6.91 7.04 7.19 7.35 7.50
J-Py1 JUNCTION 0.63 0.92 1.04 1.20 1.36 1.52
J-S1 JUNCTION 0.57 0.76 1.00 1.21 1.30 1.35
J-S2 JUNCTION 0.52 0.57 0.60 0.65 0.81 0.96
J-SP1 JUNCTION 1.69 2.20 2.43 2.65 2.74 2.79
J-SP2 JUNCTION 1.29 1.62 1.82 2.12 2.33 2.49
0-1 OUTFALL 4.07 4.07 4.07 4.07 4.07 4.07
O-F1 OUTFALL 0.49 0.63 0.72 0.83 0.93 0.96
0-0v2 OUTFALL 0.00 0.00 0.00 0.00 0.00 0.00
0-Ovl OUTFALL 0.00 0.00 0.00 0.00 0.00 0.00
0-0v3 OUTFALL 0.00 0.00 0.00 0.00 0.00 0.00
O-B1 OUTFALL 0.55 0.85 1.01 1.23 1.42 1.57
O-P1 OUTFALL 2.43 2.51 2.54 2.58 2.61 2.63

Table 3 — Spanish Trace inundation summary comparison

Summary of Inundation Depth by Frequency Event (ft)
yr 5yr 10 yr 25 yr 50 yr 100 yr

No. structures Existing 0 8 8 8 8 8
Proposed 0 0 0 0 0 0

Existing 0 0.30 0.39 0.51 0.60 0.65
Max depth Proposed 0 0 0 0 0 0

. Existing 0 0.28 0.36 0.46 0.53 0.57
Min depth Proposed 0 0 0 0 0 0

Existing 0 0.29 0.38 0.49 0.57 0.62
Average depth Proposed 0 0 0 0 0 0

Wichita Falls Drainage Master Plan Update
City of Wichita Falls, Wichita County, Texas

4/8/2011
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Table 4 — Spanish Trace inundation depth comparison
100-yr 100-yr
Existing Proposed
geeiess Inundation | Inundation
Depth Depth
4631 | SIERRA MADRE 0.65
4633 | SIERRA MADRE 0.65
4635 | SIERRA MADRE 0.65
4637 | SIERRA MADRE 0.65
4639 | SIERRA MADRE 0.65
4641 | SIERRA MADRE 0.57
4643 | SIERRA MADRE 0.57
4645 | SIERRA MADRE 0.57
Number of Homes 8 0
Flooded
Wichita Falls Drainage Master Plan Update 9

City of Wichita Falls, Wichita County, Texas

4/8/2011
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Memorandum

Date:  Thursday, June 16, 2022
Project.  Canadian — Upper Red Regional Flood Plan
To:  Scott Hubley, PE, Freese and Nichols, Inc.

From:  David Dunn, PE (Texas PE No. 82630)
Toby Li, EIT

Subject:  Wichita Gardens Drainage Upgrades

The initial evaluation for this project was conducted in 2011 as a part of the Wichita Falls
Drainage Master Plan Update by Freese and Nichols, Inc. (FNI) . Excerpts from that study are
included as Exhibit 1.

The Wichita Gardens Neighborhood is located in Wichita Falls, Wichita County, TX. The area
was initially developed with limited ability to positively convey runoff to an adequate outfall. The
slope of the area is flat, and even with the presence of roadside drainage ditches, the lack of
grade throughout the area prevents runoff from adequately draining from the area. Most homes
are single-family units built at or below the grade of the street, subject to flooding when the
roadside ditches overflow.

Model Analysis

The flooding in the neighborhood originates from the network of roadside drainage ditches, so
for the 2011 study FNI created an EPA SWMM hydraulic model for the study area, which
consists of 23 junctions, 26 links, 3 storage nodes, and 4 outfalls. FNI applied the SWMM model
to determine existing conditions, and to evaluate proposed solutions to the flooding problems.

Sum mary of Improvements

FNI proposed an upgraded storm drain system combined with the installation of concrete curbs
and gutters throughout the entire development. The system has curb inlets and a trunk line that
runs from north to south underneath N. Beverly Drive, to an outfall at the Wichita River. The
proposed pipe system was designed to eliminate structure flooding from a 25-year storm event.
The following is an excerpt of the detailed proposed improvements.

The main trunk line of this storm drain system begins at the intersection of Southwest
Drive and Beverly Drive. This trunk line is an 8 X4’ RCB that reaches 2,450 LF to the
south down Beverly where it outfalls at the Wichita River. The system picks up flow from
the west side of Beverly from a 36” RCP that reaches approximately 850 LF to the west
on Southwest Drive with inlets at Ozmun Street and Skelly Drive. Runoff from the east

1 Wichita Falls, Texas, Drainage Master Plan Update, Project: WICHITA GARDENS, Freese and Nichols,
Inc., 2011.

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
(972) 960-4400
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side of Beverly Drive by a 24” RCP that reaches 1125 LF to the east on Southeast Drive
and north on Willow Drive with inlets at Frauline St and on Southeast Drive.

There are two low crossings on Beverly Drive between Southwest Drive and the Wichita
River where curb inlets will be placed allowing runoff to drain to the proposed trunk line.
In addition, the proposed system includes a 24” RCP line that reaches west on Beverly
Drive and north on Wyneth Drive to Calloway Street, collecting runoff from the southwest
portion of the development. The 8’ X4’ RCB trunk line then runs south from Beverly Drive
where it outfalls at the Wichita River.

In addition to this trunk line system down Beverly, the proposed improvements also
include a total of 2215 LF of 36” RCP along Northeast Drive and Southeast Drive that
outfalls at the existing channel located at the northeast corner of the development.

To supplement the proposed storm drain system, all of the streets in the area will be
reconstructed to have a crowned center with a six-inch curb and gutter on each side to
convey runoff to the inlets throughout the system. In addition to installing the new storm
drain system, many existing water and sewer lines that serve the Wichita Gardens
project area will be removed and replaced.

Modeling Results

In the original 2011 analysis, model cross sections were “truncated”, resulting in small cross-
sectional areas and modeled water surface elevations that are greater than what would be
expected. Given this model limitation, a flood-depth reduction of 6” is applied to the modeled
WSEL to determine flood damages. Results show that the proposed storm drain system for the
Wichita Gardens project area would eliminate flooding for all 100 structures during the 1 percent
annual chance (100-year) storm event (and all smaller events). Table 1 is derived from Table 3
of the 2011 report with the 6” flood reduction applied and summarizes results for the existing
and proposed conditions.

Table 1. Wichita Gardens inundation summary comparison

Summary of Inundation Depth by Frequency Event (ft)
2yr 5yr 10 yr 25 yr 50yr 100 yr
Existing 92 94 95 99 100 100
No. structures
Proposed 0 0 0 0 0 0
Max depth Existing 0.62 0.73 0.85 1.01 1.07 1.67
Proposed 0 0 0 0 0 0
Min depth Existing 0 0 0 0 0 0
Proposed 0 0 0 0 0 0
Existing 0.15 0.27 0.81 0.87 0.91 0.96
Average depth
Proposed 0 0 0 0 0 0
hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232

(972) 960-4400



FR

Benefit-Cost Analysis

TWDB requires each project included as an FMP in a regional flood plan to have a benefit/cost
analysis (BCA) performed. Many flood mitigation studies document a computed benefit/cost
ratio (BCR) and those can be incorporated into the regional flood plan. For situations where a
BCR is not available for a project, TWDB has developed the BCA Input Tool? to facilitate
calculations of costs and benefits. It estimates flood damages for residential buildings before
and after construction of the flood mitigation project for up to three recurrence interval flood
events. Because the TWDB BCA Workbook calculates costs and benefits for only three
recurrence intervals, a combination of two workbooks were used to complete calculations for six
recurrence interval events (2-year, 5-year, 10-year, 25-year, 50-year, and 100-year). The BCA
Input Tool is intended to be used in conjunction with the Federal Emergency Management
Agency (FEMA) BCA Toolkit 6.0%, which calculates annual benefits from the information
compiled in the TWDB BCA Input Tool. The annual benefits data are then entered back into the
TWDB BCA Input Tool which then computes the resulting BCR for the project.

Project Costs

FNI estimated the total project cost to be $6,167,800 in the 2011 Drainage Master Plan* (see
Exhibit 1, page 8). A Construction Cost Index (CCI) factor of 1.27 was applied to convert the
costs from 2011 to 2020 dollars, resulting in a project cost of $7,833,106. The construction was
set to begin and end in 2020 to simplify the calculation of the BCR.

Flood Damages Before and After Implementation of the FMP

Based on Table 1, average depths of flooding at 100 structures were entered into the TWDB
BCA Input Workbook for the 2-year, 5-year, 10-year, 25-year, 50-year, and 100-year events for
both the existing and the proposed conditions.

The TWDB BCA Input Workbook includes flood damage-by-depth values for residential homes
and commercial buildings in Texas. With each flood depth, there is a corresponding flood
damage associated with the type of structure. The workbook sums damages for all structures to
provide a comparison of damages before and after implementation of the FMP for each flood
event.

The total cost was entered into the TWDB BCA Input Tool with estimated annual operation and
maintenance costs of 1% of the total construction cost for the assumed 30-year lifetime of the
project. The tool then was used to compute total costs for the project over the 30-year assumed
lifespan. The total annualized benefits as determined by the FEMA BCA Toolkit 6.0 were also
entered. The data are summarized in Figure 2, which is a screen capture of the Results tab from
the TWDB BCA Input Tool.

2 https://www.twdb.texas.gov/flood/planning/planningdocu/2023/doc/BCA%20Workbook.zip
3 https://www.fema.gov/grants/quidance-tools/benefit-cost-analysis
4 Drainage Master Plan Update Project: WICHITA GARDENS, pages 7 & 8

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
(972) 960-4400


https://www.twdb.texas.gov/flood/planning/planningdocu/2023/doc/BCA%20Workbook.zip
https://www.fema.gov/grants/guidance-tools/benefit-cost-analysis

FR

Note that the green shaded value of $31,522,414 represents the sum of the estimated total
benefits computed over the 30-year useful life at a discount rate of 7 percent, per FEMA
standards. The final BCR computed by the TWDB BCA Input Tool for the Wichita Gardens
Drainage Improvements FMP is 3.1, using the damages and benefits referenced to the 2-year,
5-year, 10-year, 25-year, 50-year, and 100-year events. This large BCR can be attributed to the
large number of structures removed from flooding by the FMP.

Input Into BCA Toolkit

Project Useful Life 30

Event Damages Baseline Project

25 - year storm 55,704,834 S0
50 - year storm 56,137,362 S0
100 - year storm 56,545,476 1]
Total Benefits from BCA Toolkit 531,522,414

Other Benefits (Not Recreation) 50

Recreation Benefits -

Total Costs 510,008,177
Net Benefits 521,514,237
Met Benefits with Recreation 521,514,237
Final BCR 3.1
Final BCR with Recreation 3.1

Figure 2. BCA Workbook Results
No Negative Impact Analysis

No Negative Impact of Flood Risk

An FMP must have no negative impacts on its neighboring area due to its implementation. No
negative impact means that a project will not increase flood risk of surrounding properties. The
increase in flood risk must be measured by the 1 percent annual chance (100-year) event water
surface elevation and peak discharge, using the best available data. It is recommended that no
rise in water surface elevation or discharge should be permissible, and that the analysis extent
must be vast enough to prove proposed project conditions are equal to or less than the existing
conditions.

For the purposes of regional flood planning efforts, a determination of no negative impact can

be established if stormwater runoff does not increase inundation of infrastructure such as

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
(972) 960-4400
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residential and commercial buildings and structures. Additionally, all of the following
requirements, per TWDB Technical Guidelines, should be met to establish no negative impact,
as applicable:

1. Stormwater does not increase inundation in areas beyond the public right-of-way, project
property, or easement.

2. Stormwater does not increase inundation of storm drainage networks, channels, and
roadways beyond design capacity.

3. Maximum increase of 1D Water Surface Elevation must round to 0.0 feet (<0.05 ft) measured
along the hydraulic cross-section.

4. Maximum increase of 2D Water Surface Elevations must round to 0.3 feet (<0.35 ft)
measured at each computation cell.

5. Maximum increase in hydrologic peak discharge must be <0.5 percent measured at
computation nodes (sub-basins, junctions, reaches, reservoirs, etc.). This discharge restriction
does not apply to a 2D overland analysis.

For the Wichita Gardens Drainage Improvements FMP, the EPA SWMM 5.0 model developed
by FNI was used to assess and develop the project. Since 2D model is available, only
requirements #1, #2, #3, and #5 apply. However, computed depths at all nodes in the SWMM
model decrease from existing to proposed conditions, meeting the intent of criteria #4.

In Table 1, the existing conditions were compared to conditions with the proposed
improvements. In addition, in the Drainage Master Plan, flood depths at all 100 residential
structures during a 100-year flood are compared for existing and proposed conditions.® The
comparison shows that the project does not increase flooding at any location, meeting criteria
#1. In the existing conditions, 100 houses are flooded by overflows. However, in the proposed
conditions, overtopping depths decrease at all houses, and this meets criteria #2. Within the
project limits, there is no location where water surface elevations for the 100-year flood rises,
meeting criteria #3.

A comparison of flows at the outlet between the existing and proposed conditions in the SWMM
model shows that the peak discharge at the system outlet would increase by 400 cfs during a
100-year flood. The 100-year peak flow of the Wichita river is 17,500 cfs ~ 24,800 cfs®, and
therefore the increase represents 1.6%~2.3% of the peak flow. However, given the total area of
the Wichita River watershed and the location of the study area within the watershed, it is
unlikely that the peak discharge from the Wichita Gardens storm drain system is coincidental
with the peak discharge of the Wichita River. Therefore, no negative impacts are anticipated
and criteria #5 is met. During final design of the project, a full hydrologic and hydraulic study

5 Drainage Master Plan Update Project: WICHITA GARDENS, Table 4.
6 Wichita County Flood Insurance Study, page 15

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
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would be completed to determine conformance with the City’s drainage/floodplain management
criteria and flood planning requirements.

No Environmental Impacts
TWDB requires that environmental impacts be assessed for all eligible FMPs. Environmental
impact categories include

a. water quality;

b. cultural heritage;

c. habitat, biodiversity and ecology;
d. air quality;

e. natural resources; and

f. agricultural resources/properties.’

With the nature of the urban drainage improvement project, none of the above is applicable for
the Wichita Gardens Drainage Improvements FMP.

Populating the RFPG required Tables 13 and 16

TWDB requires that Tables 132 and 16° to be populated along with the submission of the report
and geodatabase. The required attributes are populated as follows. First, basic project
information (name, description, etc.) are extracted from the 2011 FNI study°. Second, the
project extents are drawn into GIS, and after doing so, spatial attributes are obtained by
overlapping spatial layers (HUC12s, watersheds, etc.). Third, floodplain inundation information
is extracted from the modeling results of the 2011 study (area in 100-yr floodplain, number of
structures at 100-year flood risk, etc.) for both pre-project and post-project conditions. Finally,
benefit-and-cost related attributes are derived from the BCA performed in this study (cost,
benefit-cost ratio, etc.).

Table 2 is a summary of key information in Tables 13 and 16 for Wichita Gardens. The
estimated number of structures at 100-year risk equals the number of structures in the 100-year
floodplain. Population is estimated based on three persons per structure. The estimated length
of roads at 100-year flood risk is measured from the length of roads inundated within the 100-
year floodplain. The post-project level-of-service is determined by the recurrence interval of the
flood event in which no structures would be flooded. Finally, the cost/structure removed equals
the total cost divided by the total number of structures.

7 Exhibit C Technical Guidelines for Regional Flood Planning, page 127.

8 Exhibit C Technical Guidelines for Regional Flood Planning, page 63.

9 Exhibit C Technical Guidelines for Regional Flood Planning, page 75.

10 Wichita Falls, Texas, Drainage Master Plan Update, Project: WICHITA GARDENS, Freese and Nichols,
Inc., 2011.
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Table 2. Project highlights from Tables 13 and 16

Wichita Gardens

FMP Name Drainage
Improvements
Associated Goals 2001, 2002
Watershed Name Buffalo Cr_eek-chhlta
River
Project Area (sgmi) 0.2192
Area in 100-year (1% annual chance) Floodplain (sq mi) 0.0010
: § 0 -
Area in 500-year (0.2% an;liJ)al chance) Floodplain (sq 0.0547
Estimated number of structures at 100-year flood risk 100
Estimated Population at 100-year flood risk 300
Estimated length of roads at 100-year flood risk (miles) 2.43
Number of Structures removed from 100-year (1%
. 100
annual chance) flood risk
Pre-Project Level-of-Service Unknown
Post-Project Level-of-Service 0.2% annual
Cost/Structure removed $100,082
Social Vulnerability Index (SVI) 0.632
Benefit-Cost Ratio 3.1

Exhibit 1: Excerpts from Wichita Falls Drainage Master Plan, Project: Wichita Gardens

hdrinc.com 17111 Preston Road, Suite 300, Dallas, TX 75248-1232
(972) 960-4400



1—‘L Drainage Master Plan Update

| T Project: WICHITA GARDENS o I
h)/cél& ia/(s'
TEXAS :
Blue Sties. Gvlien Opportunitios CORNERSTONE
Project Information Project Photos

Project ID: Area_60 Status: Studied
Project Name: WICHITA GARDENS Council District: 1
Project Type:  Pipe System Panel #: 1A, 4B
Date Identified: 1994 # Structures Impacted: 100

Problem Description:
This area was developed with limited ability to positively convey runoff to an adequate outfall. The
area is very flat and although there are ditches along most of the streets, the lack of grade throughout
the area prohibits runoff from adequately draining through this ditch system. Most of the homes in
this single-family development were built at or below the grade of the street, leaving them subject to
flooding from overflow of the ditches. This project was studied in 2011 FNI Master Plan Update.

Proposed Improvements:

The proposed improvements call for the installation of concrete curb and gutter throughout entire
development in order to install a storm drain system with curb inlets and a trunk line that runs from
north to south underneath N Beverly Drive to an outfall at the Wichita River. The proposed pipe
system was designed to eliminate structure flooding in a 25-year storm event.

Wichita Gardens typical street section with no curb and
gutter and very shallow road side swales.

CIP Ranking Criteria

Weight Score Project Costs

11.83 Life Safety/Road Flooding: 2  Conceptual Cost >$3,000,000

8.84 Property Damage: 5  Range:

8.66 Frequency of Flooding: 5 Est. Construction $6,167,800.00

5.34 Project Cost: 0 Cost:

5.33 Maintenance Cost/Work Orders: 3
Total Weighted Point Score: 127.1 Homes at street level with no road drainage.
CIP Rank: 8

Wichita Falls, Texas 4/12/2011 Page 60 of 65
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WICHITA GARDENS

Background

The Wichita Gardens project area is located just north of the Wichita River and just east of
Valley View Road. The existing conditions of this project area were studied in two phases, east
and west. The Wichita Gardens development is divided by Beverly Drive which runs north and
south through the development. Both the east and west sides of the development have similar
characteristics and drainage issues. The entire drainage area is made up of single family
residential development with surface drainage as the primary source of conveying runoff.
Ditches and driveway culverts are present throughout the area but in many cases the ditches
are ill-defined and/or overgrown. A portion of the study area is located within the AO Zone of
East Plum Creek which represents shallow flooding from one (1) to three (3) feet. In addition,
there is a low area that circles through the western portion of this drainage area that is part of
the 500-year floodplain of the Wichita River.

Problem Description

This area was developed with limited ability to positively convey runoff to an adequate outfall.
The area is very flat and although there are ditches along most of the streets, the lack of grade
throughout the area prohibits runoff from adequately draining through this ditch system. Most
of the homes in this single-family development were built at or below the grade of the street,
leaving them subject to flooding from overflow of the ditches. Photo 1 shows a typical of the
ditch and driveway culvert in the area.

Photo 1 - A typical ditch and driveway culvert in the Wichita Gardens project area.

Wichita Falls Drainage Master Plan Update 1
City of Wichita Falls, Wichita County, Texas
4/8/2011
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The ditches in the southwest portion of the drainage area drain to a culvert on Wyneth Drive
between Galloway Street and Glenn Drive. This culvert falls northeast where it outfalls into a
very ill-defined channel that is intended to direct flow to the low area that circles through the
neighborhood. Since this channel is not well defined, the homes on either side are subject to
flooding. Photo 2 shows this culvert and channel.

Photo 2 - Culvert outfall and channel on Wyneth Drive.

Existing Conditions Analysis

FNI performed an existing conditions analysis of the Wichita Gardens drainage area to
determine the extents of flooding in the area. EPA SWMM 5.0 was used for the hydrologic and
hydraulic analyses of this area.

Hydrology

The Wichita Gardens drainage area is a total of 193.6 acres. The existing analysis of this area
was performed in two phases, with Beverly Drive dividing the drainage area in two. The
eastern drainage area is a total of 73.7 acres broken up into seven (7) subcatchments while the
western drainage area is divided into 19 subcatchments totaling 119.9 acres. The development
is made mostly of single-family residential (1/2 acre to 1 acre lots), with a few scattered lots of
undeveloped land.

Runoff on the west side of Beverly generally drains to the center towards the low area shown in
Exhibit 1. Although this low area provides some storage for runoff from the area, the extremely
flat terrain throughout the neighborhood limits the amount of runoff that can actually flow to
this area. In addition, in order for stored runoff to exit this low area, it must flow across the

Wichita Falls Drainage Master Plan Update 2
City of Wichita Falls, Wichita County, Texas
4/8/2011
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fence line between Beverly Drive and Wyneth Drive to a culvert at Beverly Drive, then to an
open area just east of Beverly Drive. This culvert crossing on Beverly Drive is at a low point on
the road that has a very high potential to flood.

Runoff on the east side of Beverly is much like that of the west side. The drainage in the area
consists of bar ditches and driveway culverts. Most of the ditches eventually flow to the
northeast where there is a small channel that conveys flow out towards the Wichita River.
There is also a small culvert running from east to west across Beverly Drive at Northeast Drive
that conveys a small drainage area of runoff from Northeast Drive to a ditch on the west side of
Beverly Drive.

Hydraulics

Along with the hydrologic model, FNI also constructed a hydraulic model using SWMM for the
Wichita Gardens study area. The system was modeled to determine the depths of flow at
critical areas in order to identify locations of inundated structures as well as exceeded right-of-
way. An existing conditions hydraulic model made up of 23 junctions, 26 links, 3 storage nodes,
and 4 outfalls was developed to represent storm water runoff through this area. Since this area
was designed so that streets and ditches are the primary source of conveying storm water
runoff, each street in the area was modeled as an irregular shaped link with cross sections
(refer to Figure 1 in Volume 1 — Documentation and Methodology). Storage nodes were used
to represent the low areas in the development where runoff is typically stored, and were given
storage curves based on two-foot topography relating the depth of storage (ft) to the surface
area of water (ft?).

Existing Conditions Results

The nature of the flooding in this area would be best represented by a two-dimensional (2D)
model due to the shallow flooding and flat grades throughout the study area. However, the
development of a 2D model was beyond the scope of this project. EPA SWMM attempts to
represent this type of shallow flooding but there is limited accuracy with this approach. Very
wide cross sections have numerical instability problems within the model so they are typically
truncated at the front of the house for each street cross section. Because the cross sections
must be truncated and the flow is not allowed to spread out in the model (like it physically does
in this area), the flow depths tend to be overestimated compared to a 2D model.
Consequently, even though most of the homes are constructed either at grade or with a
minimal slab, the actual number of homes could be overestimated from realistic physical
flooding conditions. The existing conditions results of the one-dimensional model are described
in the following text.

Wichita Falls Drainage Master Plan Update 3
City of Wichita Falls, Wichita County, Texas
4/8/2011
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Analysis of existing conditions shows that 100 homes have the potential to flood in the 100-
year storm. However, this analysis also shows that 92 homes are at risk of flooding in just the
2-year storm event. Tables 3 and 4 provide detailed data on the structure flooding in the area.
It is apparent that due to the lack of drainage infrastructure and the extremely flat grades in
this development, rainfall accumulates throughout the neighborhood without any means of
being conveyed to an outfall. Therefore, streets and homes throughout the development are
subject to flooding in minor storm events. Exhibit 1 shows the homes that FNI determined to
be at risk of flooding as well as the extents of ROW flooding during the 100-year storm event.

Proposed Improvements

After the existing conditions study of the Wichita Gardens project area was completed, FNI
presented the results to the City along with proposed alternatives for discussion. It was
recommended that the proposed solution would be to install a storm drain system throughout
the area and construct curb and gutter on all streets throughout the neighborhood, including
Beverly Street.

Proposed Storm Drain System

The proposed storm drain system for the Wichita Gardens project area has several lines that
run through both the east and west portions of the development. The purpose of this system is
to remove runoff from the streets and ditches where it currently causes flooding and provide
an efficient method to convey the runoff to a main outfall at the Wichita River.

The main trunk line of this storm drain system begins at the intersection of Southwest Drive
and Beverly Drive. This trunk line is an 8X4" RCB that reaches 2,450 LF to the south down
Beverly where it outfalls at the Wichita River. The system picks up flow from the west side of
Beverly from a 36” RCP that reaches approximately 850 LF to the west on Southwest Drive with
inlets at Ozmun Street and Skelly Drive. Runoff from the east side of Beverly Drive by a 24” RCP
that reaches 1125 LF to the east on Southeast Drive and north on Willow Drive with inlets at
Frauline St and on Southeast Drive.

There are two low crossings on Beverly Drive between Southwest Drive and the Wichita River
where curb inlets will be placed allowing runoff to drain to the proposed trunk line. In addition,
the proposed system includes a 24” RCP line that reaches west on Beverly Drive and north on
Wyneth Drive to Calloway Street, collecting runoff from the southwest portion of the
development. The 8 X4’ RCB trunk line then runs south from Beverly Drive where it outfalls at
the Wichita River.

Wichita Falls Drainage Master Plan Update 4
City of Wichita Falls, Wichita County, Texas
4/8/2011
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In addition to this trunk line system down Beverly, the proposed improvements also include a
total of 2215 LF of 36” RCP along Northeast Drive and Southeast Drive that outfalls at the
existing channel located at the northeast corner of the development.

To supplement the proposed storm drain system, all of the streets in the area will be
reconstructed to have a crowned center with a six-inch curb and gutter on each side to convey
runoff to the inlets throughout the system. In addition to installing the new storm drain
system, many existing water and sewer lines that serve the Wichita Gardens project area will be
removed and replaced.

Results

An analysis of the proposed improvements described above was performed to determine the
amount of flooding that would be eliminated after implementation. The results show that the
proposed storm drain system for the Wichita Gardens project areas would eliminate flooding in
81 out of 100 structures in the 100 year storm event, and lowers the average depth in the 100
year storm event by over 50 percent. Tables 3 and 4 provide a summary of the difference in
flooding from existing to proposed conditions.

An opinion of probable construction cost was developed for the proposed improvements to the
Wichita Gardens study area. The estimated construction cost for the improvements described
in this section is approximately $6,167,800.00. Because the City budget provides approximately
$2.2 million annually, the project was divided into three (3) phases. The improvements
provided in each phase are shown in Exhibit 2. A detailed breakdown of the cost analysis for
the Wichita Gardens project area is shown in Table 1. FNI suggests that the City implement the
proposed solutions as described above to resolve flooding problems in the area.

Wichita Falls Drainage Master Plan Update 5
City of Wichita Falls, Wichita County, Texas
4/8/2011
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PROPOSED STORM DRAIN SYSTEM

CITY OF WICHITA FALLS - DRAINAGE MASTERPLAN UPDATE

ACCOUNT NO. ESTIMATOR CHECKED BY DATE
WCH09429 BAM April 9, 2011
ITEM DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL

PHASE | - TRUNK LINE ON BEVERLY

General
Traffic Control 3.0| MO $5,000.00 $15,000.00
Site Preparation 05| AC $25,000.00 $12,500.00
Erosion Control and SWPPP Implementation 10| LS $5,000.00 $5,000.00
Phase | - General Item Subtotal $32,500.00
Storm Drain
Trench Safety 2,450.0 | LF $2.00 $4,900.00
Install 8'X4' RCB 2,450.0 | LF $280.00 $686,000.00
Install 18" RCP Lateral 60.0 | LF $35.00 $2,100.00
Install 15' Curb Inlet 6.0 EA $4,000.00 $24,000.00
Install Headwall 30| EA $5,000.00 $15,000.00
Phase | - Storm Drain Subtotal $732,000.00
Utility Adjustments
Remove and Replace 4" PVC Water Line 2,600.0 | LF $24.00 $62,400.00
Remove and Replace 24" PVC Water Line 2,700.0 | LF $140.00 $378,000.00
Trench Safety for Water Line 5,300.0 [ LF $1.00 $5,300.00
Connections to Existing Water and Sewer Lines 20| EA $1,000.00 $2,000.00
Phase | - Utility Adj. Subtotal $447,700.00
Paving
Asphalt Pavement Saw, Remove and Dispose 8,166.7 | SY $6.00 $49,000.00
6" Stabilized Subgrade Install 8,166.7 | SY $2.50 $20,416.67
6" Asphalt Pavement 8,166.7 | SY $33.00 $269,500.00
Install Concrete Curb and Gutter 4,900.0 | LF $3.00 $14,700.00
Phase | - Paving Subtotal $353,616.67
PHASE | SUBTOTAL.: $1,565,816.67
MOBILIZATION 5 % $78,290.83 $78,290.83
CONTINGENCY 30 % $469,745.00 $469,745.00
PHASE Il - EXTEND TRUNK LINE TO REACH DEVELOPMENT
General
Traffic Control 3.0 [ MO $5,000.00 $15,000.00
Site Preparation 05| AC $25,000.00 $12,500.00
Erosion Control and SWPPP Implementation 10| LS $5,000.00 $5,000.00
Phase Il - General Item Subtotal $32,500.00
Storm Drain
Trench Safety 3,925.0 | LF $2.00 $7,850.00
Install 24" RCP 3,075.0 | LF $40.00 $123,000.00
Install 36" RCP 850.0 | LF $68.00 $57,800.00
Install 18" RCP Lateral 100.0 | LF $35.00 $3,500.00
Install 15' Curb Inlet 10.0 | EA $4,000.00 $40,000.00
Phase Il - Storm Drain Subtotal $232,150.00
Utility Adjustments
Remove and Replace 2" PVC Water Line 1,330.0 | LF $12.00 $15,960.00
Remove and Replace 6" PVC Water Line 1,000.0 | LF $36.00 $36,000.00
Remove and Replace 8" PVC Water Line 2,200.0 | LF $48.00 $105,600.00
Trench Safety for Water line 4,530.0 | LF $1.00 $4,530.00
Remove and Replace 6" PVC Sewer Line 2,600.0 | LF $36.00 $93,600.00
Remove and Replace 8" PVC Sewer Line 850.00 | LF $48.00 $40,800.00
Trench Safety for Sewer line 3,450.0 | LF $1.00 $3,450.00
Connections to Existing Water and Sewer Lines 10.0 | EA $1,000.00 $10,000.00
Phase Il - Utility Adj. Subtotal $309,940.00




Paving
Asphalt Pavement Saw, Remove and Dispose 24,100.0 | SY $6.00 $144,600.00
6" Stabilized Subgrade Install 24,100.0 | SY $2.50 $60,250.00
6" Asphalt Pavement 24,100.0 | SY $33.00 $795,300.00
Install Concrete Curb and Gutter 17,810.0 | LF $3.00 $53,430.00
Phase Il - Paving Subtotal $1,053,580.00
PHASE Il SUBTOTAL: $1,600,670.00
MOBILIZATION 5 % $80,033.50 $80,033.50
CONTINGENCY 30 % $480,201.00 $480,201.00
PHASE Il - SD LINE CONNECTING TO EXISTING CHANNEL ON NORTHEAST
General
Traffic Control 3.0 | MO $5,000.00 $15,000.00
Site Preparation 05| AC $25,000.00 $12,500.00
Erosion Control and SWPPP Implementation 10| LS $5,000.00 $5,000.00
Phase Il - General Item Subtotal $32,500.00
Storm Drain
Trench Safety 2,215.0 | LF $2.00 $4,430.00
Install 36" RCP 2,2150 | LF $68.00 $150,620.00
Install 18" RCP Lateral 40.0 | LF $35.00 $1,400.00
Install 15' Curb Inlet 40| EA $4,000.00 $16,000.00
Install Headwall 10| EA $5,000.00 $5,000.00
Phase lll - Storm Drain Subtotal $177,450.00
Utility Adjustments
Remove and Replace 8" PVC Water Line 3,450.0 | LF $48.00 $165,600.00
Trench Safety for Water line 3,450.0 | LF $1.00 $3,450.00
Remove and Replace 6" PVC Sewer Line 2,815.0 | LF $36.00 $101,340.00
Trench Safety for Sewer line 2,815.0 | LF $1.00 $2,815.00
Connections to Existing Water and Sewer Lines 40| EA $1,000.00 $4,000.00
Phase Il - Utility Adj Subtotal $277,205.00
Paving
Asphalt Pavement Saw, Remove and Dispose 7,700.0 | SY $6.00 $46,200.00
6" Stabilized Subgrade Install 7,700.0 | SY $2.50 $19,250.00
6" Asphalt Pavement 7,700.0 | SY $33.00 $254,100.00
Install Concrete Curb and Gutter 6,900.0 | LF $3.00 $20,700.00
Phase Il - Paving Subtotal $340,250.00
PHASE Ill SUBTOTAL.: $799,905.00
MOBILIZATION 5 % $39,995.25 $39,995.25
CONTINGENCY 30 % $239,971.50 $239,971.50
PHA OTA $1,079,870.00
PROJECT SUBTOTAL $5,354,620.00
ENVIRONMENTAL PERMITTING 1] LS $10,000.00 $10,000.00
ENGINEERING FEES 151 % $803,193.00 $803,193.00

PROJECT TOTAL $6,167,800.00
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Invert Maximum WSEL (feet)
Node Type

(feet) 2-yr 5-yr 10-yr 25-yr 50-yr | 100-yr
J-NE1 JUNCTION 953.50 954.53 954.60 954.64 | 954.69 954.73 954.76
J-SE3 JUNCTION 952.25 953.42 953.72 953.85 954.01 954.06 954.16
J-B1 JUNCTION 952.92 954.14 | 954.29 954.32 954.37 954.41 954.43
J-W1 JUNCTION 954.00 955.07 955.21 955.24 955.29 955.32 955.34
J-SW1 JUNCTION 954.00 955.05 955.12 955.15 955.21 955.26 955.29
J-SW2 JUNCTION 952.80 953.74 953.81 953.85 954.00 954.06 954.16
J-SW3 JUNCTION 951.50 953.38 953.72 953.85 954.00 954.05 954.16
J-SE1 JUNCTION 953.10 954.00 954.08 954.13 954.23 954.26 954.29
J-SE2 JUNCTION 952.39 953.62 953.73 953.85 954.01 954.07 954.17
J-2a JUNCTION 954.00 954.99 955.21 955.25 955.30 955.35 955.38
J-1b JUNCTION 947.14 950.23 950.42 950.50 950.63 950.73 950.87
J-1a JUNCTION 952.00 952.58 952.66 952.71 952.78 952.83 952.87
J-3a JUNCTION 954.80 955.81 955.94 | 956.01 956.12 956.22 956.32
J-3b JUNCTION 954.00 954.07 954.09 954.09 954.11 954.12 954.14
J-7 JUNCTION 955.00 956.02 956.17 956.24 | 956.37 956.47 956.57
J-5a JUNCTION 954.80 956.00 956.16 956.24 956.37 956.47 956.57
J-5b JUNCTION 954.00 954.10 954.13 954.14 | 954.16 954.19 954.21
J-11b JUNCTION 951.80 951.91 951.94 951.95 951.98 952.05 952.05
J-13 JUNCTION 954.00 954.58 954.69 954.73 954.81 954.87 954.93
J-11a JUNCTION 951.90 953.24 | 953.50 953.62 953.81 953.87 953.95
J-1c JUNCTION 947.00 950.23 950.41 950.48 950.59 950.68 950.78
J-12 JUNCTION 948.00 950.23 950.43 950.51 950.63 950.74 | 950.88
J-2b JUNCTION 951.23 951.30 951.31 951.32 951.34 951.35 951.36
01 OUTFALL 944.00 944.22 944.40 944.47 944.57 944.66 944,73
O-1 OUTFALL 948.00 949.05 949.22 949.27 949.61 950.42 950.43
0-2 OUTFALL 952.00 952.00 952.00 952.00 952.00 952.00 952.00
Storagel STORAGE 946.00 950.09 950.22 950.28 950.41 950.49 950.61
StorageEastl | STORAGE 946.00 949.55 950.21 950.42 950.90 951.16 951.29
StorageEast2 | STORAGE 950.00 950.23 950.41 950.48 950.58 950.66 950.74

Wichita Falls Drainage Master Plan Update 7

City of Wichita Falls, Wichita County, Texas

4/8/2011




Volume 2 — Wichita Gardens Detailed Study F. %FI\II}EEELES

Table 3 — Wichita Gardens inundation summary comparison

Summary of Inundation Depth by Frequency Event (ft)
2yr 5yr 10 yr 25 yr 50 yr 100 yr
No. structures Existing 92 94 95 99 100 100
Proposed 0 0 0 0 15 16
Max depth Existing 1.12 1.23 1.35 1.51 1.57 1.67
Proposed | 0.00 0 0 0 0.29 0.68
Min depth Existing 0.11 0.11 0.14 0.13 0.12 0.22
Proposed | 0.00 0 0 0 0.13 0.18
Existing 0.65 0.77 0.81 0.87 0.91 0.96
Average depth
Proposed | 0.00 0.00 0.00 0.00 0.19 0.31
Table 4 - Cherokee inundation depth comparison
Existing Proposed Existing Proposed
100-yr 100-yr 100-yr 100-yr
Address Inunda‘t/ion Inunda\t,ion Address Inundazion Inunda\t,ion
Depth Depth Depth Depth
506 BARKER 1.01 0.18 3113 | SOUTHEAST 0.79
507 BARKER 1.01 0.18 3115 | SOUTHEAST 0.79
508 BARKER 1.01 0.18 3116 | SOUTHEAST 0.79
509 BARKER 1.01 0.18 3119 | SOUTHEAST 0.79
510 BARKER 1.01 0.18 3120 | SOUTHEAST 0.79
511 BARKER 1.01 0.18 3121 | SOUTHEAST 0.79
512 BARKER 1.01 0.18 3122 | SOUTHEAST 0.79
513 BARKER 1.01 0.18 3123 | SOUTHEAST 0.79
307 BEVERLY 0.79 3126 | SOUTHEAST 0.79
3100 | NORTHEAST 0.86 3129 | SOUTHEAST 0.79
3101 | NORTHEAST 0.86 3130 | SOUTHEAST 0.79
3102 | NORTHEAST 0.86 3131 | SOUTHEAST 0.79
3103 | NORTHEAST 0.86 3133 | SOUTHEAST 0.79
3104 | NORTHEAST 1.66 3139 | SOUTHEAST 0.79
3105 | NORTHEAST 1.66 3140 | SOUTHEAST 0.79
3106 | NORTHEAST 1.66 3141 | SOUTHEAST 0.79
3108 | NORTHEAST 1.66 3143 | SOUTHEAST 0.79
3109 | NORTHEAST 1.66 3146 | SOUTHEAST 0.79
3110 | NORTHEAST 1.66 3147 | SOUTHEAST 0.79
3111 | NORTHEAST 1.66 3148 | SOUTHEAST 0.79
3112 | NORTHEAST 1.66 401 WILLOW 0.84
3113 | NORTHEAST 1.66 0.38 402 WILLOW 0.84
Wichita Falls Drainage Master Plan Update 8
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Existing Proposed Existing Proposed
100-yr 100-yr 100-yr 100-yr
Address Inur?ga‘tlion Inur?ga‘t,ion Address Inur?ga\tlion Inur?ga‘t,ion
Depth Depth Depth Depth
3114 | NORTHEAST 1.66 0.38 405 WILLOW 0.84
3115 | NORTHEAST 1.66 0.38 406 WILLOW 0.84
3118 | NORTHEAST 1.66 0.38 407 WILLOW 0.84
3119 | NORTHEAST 1.66 0.38 410 WILLOW 0.84
3123 | NORTHEAST 1.67 411 WILLOW 0.84
3126 | NORTHEAST 1.67 412 WILLOW 0.84
3128 | NORTHEAST 1.67 413 WILLOW 0.84
3130 | NORTHEAST 0.69 414 WILLOW 0.84
3136 | NORTHEAST 0.69 415 WILLOW 0.84
3137 | NORTHEAST 0.69 416 WILLOW 0.84
3139 | NORTHEAST 1.16 417 WILLOW 0.84
3140 | NORTHEAST 1.16 421 WILLOW 1.67 0.68
3142 | NORTHEAST 1.16 425 WILLOW 1.67 0.68
3143 | NORTHEAST 1.16 210 BEVERLY 0.37
3144 | NORTHEAST 1.26 212 BEVERLY 0.37
3147 | NORTHEAST 1.26 214 BEVERLY 0.37
3148 | NORTHEAST 1.26 232 BEVERLY 0.28
3149 | NORTHEAST 0.26 236 BEVERLY 0.88
3152 | NORTHEAST 1.26 300 BEVERLY 0.88
3154 | NORTHEAST 1.26 3206 | SOUTHWEST 0.52
3100 | SOUTHEAST 0.66 3208 | SOUTHWEST 0.22
3101 | SOUTHEAST 0.86 3212 | SOUTHWEST 0.72
3103 | SOUTHEAST 0.86 3214 | SOUTHWEST 0.82
3104 | SOUTHEAST 0.66 3216 | SOUTHWEST 0.37
3106 | SOUTHEAST 0.66 213 WYNETH 0.75 0.27
3107 | SOUTHEAST 0.66 215 WYNETH 0.55
3109 | SOUTHEAST 0.79 217 WYNETH 0.25
3110 | SOUTHEAST 0.79 Number of Homes
100 16
3112 | SOUTHEAST 0.79 Flooded
Wichita Falls Drainage Master Plan Update 9
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Texas Water
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General Project Data Score 1: Severity - Pre-Project Average Depth of Flooding (100-year)
# of Structures in 1%
. . . . . N . Cost per Structure Pre-Project Level-of- | Post-Project Level-of- . Average Flood Depth Severity Ranking: Pre-Project Average Depth of
Project Name FMP Project Description: Flood Region Project Type FIUP Project Category | Project W. d Rural A Project Cost Benefit Cost Ratio e ! ) J ) Annual Chance FP Project Status E g Notes v E N . E g Score 1
Removed Service Service A (100yr) Flooding (100-year)
(Pre-Project)
Four phase playa excavation project, pump
T-Anchor Lake station relocation and construction of storm . Average flood depth
) 0130000 . Canadian - Upper Red . n q
Watershed Drainage 01 sewer improvements along Ross-Osage Street Region Infrastructure Category 2 T-Anchor Lake N $31,300,000 17 $78,816 10% annual 1% annual 407 Planning 1.0 assumed; modeling data Baseline average flood depth > 0.5ft 4
Improvements and Southeast 10th Street to provide 100-year E not available
flood protection
The proposed improvements include the
Rhea Road Drail 0130000 installati f a st drai t rth Fi Wichita Fall:
ea Roa N rainage instafiation of a storm drain sys em "o Canadian-Upper Red Storm Drain Category 2 Holliday Creek N $2,996,000 1.1 $110,929 >50% annual 1% annual 27 Planning 0.26 r.om chita Fafls Baseline average flood depth < 0.5ft 2
Project 02 along Rhea Road that would eliminate Drainage Master Plan
structure flooding in the 100-year storm event.
Install a bypass system that will intercept flow
from Brenda Hursh Creek and Brenda Hursh
Brenda Hursh Drai 0130000 Canadian - U Red Used model Its f
renca Hurs ralr'|age Channel at their respective Weeks anacian ) PSS Infrastructure Category 2 Wichita N $4,151,000 1.1 $64,865 50% annual 2% annual 114 Planning 0.8 . se "TO € results for Baseline average flood depth > 0.5ft 4
Improvement Project 03 . Region inundation at structures
Street Road crossings and convey the runoff to
the west through a proposed pipe system
The proposed improvements include upstream
and midstream detention ponds, channel
CItY c.nf C?nyon F.|°°d 0130000 .enlargements and low water c‘rosflngs Canadian-Upper Red Other Category 2 Lower Palo Duro Creek N $37,238,000 0.5 $1,379,176 >50% annual 50% annual 106 Planning 1.89 From modeled results Baseline average flood depth > 1ft 6
Mitigation Project 12 improvements to reduce flooding in the from USACE study
residential area near Palo Duro Creek Golf
Course.
The proposed improvements include for the
installation of concrete curb and gutter
Wichita Gard 0130000 th hout entire devel tin order t Buffalo Creek-Wichit: Fi Wichita Fall:
B ‘ehita Gardens . B |re_ eve opme.n nor .er ° Canadian-Upper Red Storm Drain Category 2 uttalo r_ee enita N $10,009,000 3.1 $100,082 >50% annual 0.2% annual 100 Planning 0.96 rf)m chita Fafls Baseline average flood depth > 0.5ft 4
Drainage Improvements 13 install a storm drain system with curb inlets River Drainage Master Plan
and a trunk line that runs to an outfall at the
Wichita River.
Install a storm drain system with curb and
Echo/Neta Lane 0130000 | gutter along Jacksboro Highway beginning . . . . From Wichita Falls .
Canadian-U Red St Di Cat 2 Holliday Creek N 2,853,000 3.7 203,779 >50% | 50% | 18 PI; 112 ) Baseli flood depth > 1ft 6
Drainage Project 15 south of Echo Lane and reaching north to anadian-Upper Re orm Drain ategory ollicay tree $ $ o annua o annua anning Drainage Master Plan aseline average flood dep
Norman Street.
Extend the existing storm drain system on
Huskie Drive to reach to the north and south
0130000 Hirschi Lane. Additionally, i " . Buffalo Creek-Wichit: B Fi Wichita Fall: .
Hirschi - Huskie on I|rsc tane ! |on_a U LM Canadian-Upper Red Storm Drain Category 2 uttalo r_ee enita N $633,000 0.8 $18,071 >50% annual 1% annual 35 Planning 0.28 rf)m chita Fafls Baseline average flood depth < 0.5ft 2
16 properties along the north side of lowa Park River Drainage Master Plan
Road between Hirschi Lane and Ridgeway
Drive.
The proposed solution is be a combination of
Landon, Duty and Sunset| 0130000 | curb and gutter street improvements for Duty . . Buffalo Creek-Wichita . From Wichita Falls .
Canadian-U Red St Di Cat 2 N 21,120,000 10.6 51,707 >50% | 10% | 43 PI; 1.89 ) Baseli flood depth > 1ft 6
St Drainage Project 17 Lane, Landon Road, and Sunset Lane south of anadian-Upper Re orm Drain ategory River $ $ o annua o annua anning Drainage Master Plan aseline average flood dep
Duty Lane.
The proposed improvements include re-
Spanish Ti Drail 0130000 dii f bandoned irrigati | t Fi Wichita Fall:
B ra'ce (IS IS e RIS LR e Canadian-Upper Red Storm Drain Category 2 Holliday Creek N $1,043,000 1.2 $130,322 >50% annual 1% annual 8 Planning 0.62 rf)m chita Falls Baseline average flood depth > 0.5ft 4
Project 18 convey flow north towards Johnson Road, Drainage Master Plan
connecting to the existing storm sewer system.
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Score 2: Severity - Community Need (% Population)

Score 3: Flood Risk Reduction

Score 4: Flood Damage Reduction

Score 5: Critical Facilities Damage R
Severity Ranking: # of Structures # of Structures with
Communities Served Communi Flood Plain Post-Project Damage Flood Damage es Removed from 1% Annual
Project Name FMP by Project Population Set:ved Population Notes 2 Community Need (% Score 2 Removed from 1% Notes 3 Flood Risk Reduction Score 3 Reduced 1% Annual | Pre-Project Damage $ ! s E Notes 4 Reductiong Score 4 Chance FP Notes 5
] 2 E Population) Annual Chance FP Chance Flood Risk
T-Anchor Lake
0130000 <25% of project Reduced risk to >75% of Flood d ducti No critical facilities i
Watershed Drainage 1 200393 1221 1% DR 1 397 98% educed riskcto 2759 0 10 10 $57,200,000 $3,600,000 94% ood damage reduction 8 0 © critical factiities in
. 01 community affected structures in floodplain >75% floodplain
Rhea Road Drainage | 0130000 1 102316 81 0.1% <25% of project 1 2% 96% Reduced risk to >75% of 10 0 s 270,921| 8 R 100% Flood damage reduction 10 1 One critical facility in
Project 02 - community affected ; structures in floodplain ! ° >95% floodplain is removed
Brenda Hursh Drainage | 0130000 1 102316 342 0.3% <25% of project 1 64 56% Reduced risk to <75% of 7 7 46,278,218 $2,949,638 53% Flood damage reduction 10 0 No critical facilities in
Improvement Project 03 = community affected § structures in floodplain e T N >95% floodplain
City of Canyon Flood | 0130000 1 14836 318 2% <25% of project 1 27 25% Reduced risk to <50% of 4 79 s 2,889,920 $ 1,351,802 53% Flood damage reduction 6 0 No critical facilities in
Mitigation Project 12 community affected N structures in floodplain T e >95% floodplain
Wichita Gardens 0130000 1 102316 300 0.3% <25% of project 1 100 100% Reduced risk to >75% of 10 o s 3,440,091 899,813 74% Flood damage reduction 6 0 No critical facilities in
Drainage Improvements 13 = community affected : structures in floodplain e ! N >95% floodplain
Echo/Neta Lane 0130000 1 102316 54 0.1% <25% of project 1 14 78% Reduced risk to >75% of 10 4 s 892,686 § 36,706 96% Flood damage reduction 10 0 No critical facilities in
Drainage Project 15 - community affected ; structures in floodplain ’ ! N >95% floodplain
0130000 25% of project Reduced risk to >75% of Flood d ducti No critical facilities i
Hirschi - Huskie 1 102316 105 0.1% acorin oo 1 35 100% SRR ST 10 0 $ 39,621 $ - 100% ood damage reduction 10 0 o critical factlities in
16 community affected structures in floodplain >95% floodplain
Landon, Duty and Sunset| 0130000 1 102316 129 0.1% <25% of project 1 41 95% Reduced risk to >75% of 10 2 s 1,820,345 $ 4085 100% Flood damage reduction 10 0 No critical facilities in
St Drainage Project 17 - community affected ; structures in floodplain e ’ ° >95% floodplain
Spanish Trace Drainage | 0130000 1 102316 2 0.02% <25% of project 1 8 100% Reduced risk to >75% of 10 o s 99.703| § 100% Flood damage reduction 10 0 No critical facilities in
Project 18 e community affected : structures in floodplain ! ° >95% floodplain
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eduction

Score 6: Life and Safety

Score 7: Water Supply

Score 8: Social Vulnerability

Score 9: Nature-Based Solution

Reduction in Critical

Adjusted Injury Risk

Life and Safety

Water Supply Benefit

Water Supply Yield

Social Vulnerability

% Nature Based

Nature-Based

Project Name FMP Score 5 Notes 6 Ranking (Injury/Loss Score 6 SourcelD WMS_ID Notes 7 Score 7 SVI Score Notes 8 Score 8 Notes 9
e Facilities Flood Risk (%) §f(Li:e;y/ in Acre-Feet = Ranking Ranking Solution by Cost Solutions Ranking
Using assumed depth of 1 ft and
T-Anchor Lake velocity of 0 fps (playa is standing
Watershed Drainage 0130000 Reducet{ risk for 0 . 0 18.00 water); Roafi storm d.rain model does Life/injury risk 2 0 N/A N/A No impact on water 0 0.90 Svi ertween 0.7%1.00 10 0% <25‘Vle of the project cost
T 01 structures in floodplain not provide velocity, only have percentage <20% supply (high vulnerability) is nature-based
1 historical depth of flooding at
historical HWR locations
Reduced risk for >75% of SVl between 0.5-0.75
Rhea Road Drail 0130000 Life/inj isk No i t t <25% of th ject cost
ea Roa N rainage critical facilities in 10 15.28 Refer to Life and Safety Calculation ife/injury ris 2 0 N/A N/A 0 impact on water 0 0.60 (moderate to high 7 0% _Do © project cos
Project 02 . percentage <20% supply o is nature-based
floodplain vulnerability)
Brenda Hursh Drairfage 0130000 Reducec! risk for 0 ) o 40.60 Refer to Life and Safety Calculation Life/injury risk 6 0 N/A N/A No impact on water 0 017 SVl between 0.0.1.—0.25 1 9% <259.é of the project cost
Improvement Project 03 structures in floodplain percentage >30% supply (low vulnerability) is nature-based
SVI between 0.5-0.75
Clty: c.nf C?nyon F.Iood 0130000 Reducecf risk for 0 ) 0 79.96 Refer to Life and Safety Calculation Life/injury risk 10 0 N/A N/A No impact on water 0 053 (moderate to high 7 0% <25/.° of the project cost
Mitigation Project 12 structures in floodplain percentage >50% supply L is nature-based
vulnerability)
SVI between 0.5-0.75
Wichita Gard 0130000 Reduced risk for 0 Life/inj isk No i t t <25% of thi ject cost
. \chita Gardens educe N riskfor N 0 34.88 Refer to Life and Safety Calculation iy i 6 0 N/A N/A 0 impact on water 0 0.63 (moderate to high 7 0% . IS (IR SR
Drainage Improvements 13 structures in floodplain percentage >30% supply " is nature-based
vulnerability)
Ech'o/Neta L::me 0130000 Reduced_ risk for 0 ) 0 39.36 Refer to Life and Safety Calculation Life/injury risk 6 0 N/A N/A No impact on water o 024 SVl between 0.0.1.—0.25 1 0% <259.{7 of the project cost
Drainage Project 15 structures in floodplain percentage >30% supply (low vulnerability) is nature-based
0130000 Reduced risk for 0 Life/inj isk No i t t SVI bet: 0.75-1.00 <25% of thi ject cost
Hirschi - Huskie educed riskfor0 0 15.84 Refer to Life and Safety Calculation ety i 2 0 N/A N/A 0 Impact on water 0 076 petween 57> 10 0% SEIMIILIC S
16 structures in floodplain percentage <20% supply (high vulnerability) is nature-based
Landon, I?uty and ?unset 0130000 Reduced_ risk for 0 ) 0 60.92 Refer to Life and Safety Calculation Life/injury risk 10 o N/A N/A No impact on water o 076 Svi l.vetween 0'7_5j1'00 10 0% <259.{7 of the project cost
St Drainage Project 17 structures in floodplain percentage >50% supply (high vulnerability) is nature-based
SVI between 0.5-0.75
Spanish Ti Drail 0130000 Reduced risk for 0 Life/inj isk No i t t <25% of thi ject cost
panis| ra'ce rainage educe N risktor N 0 25.36 Refer to Life and Safety Calculation iy i 4 0 N/A N/A 0 impact on water 0 0.51 (moderate to high 7 0% . IS (IR R
Project 18 structures in floodplain percentage >20% supply is nature-based

vulnerability)
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Score 10: Multiple Benefites Score 11: O&M Score 12: Admin, Regulatory Obstacles Score 13: Enviromental Benefit S
Administrative,
Multiple Benefits Multiple Benefit . . Environmental
Project Name FMP Score 9 p o Notes 10 p N Score 10 0O&M Cost (Annual) Notes 11 Op and Mai k Score 11 Notes 12 Regulatory and Other Score 12 Notes 13 N N Score 13 Notes 14
Description Ranking . Benefit Ranking
Obstacle Ranking
Improved roadway I N . N
- L Coordination with THC on Cultural Project has a typical
accessibility on principle . .
. . N . " N Resource permitting; Potential number of . N " None currently
T-Anchor Lake . 5 arterials during high- Project delivers benefits " . . . . . N . . L . Creates open space [ Project will deliver a low N . )
) 0130000 Recreation benefits, . . ) Will be a part of the Project requires regular, ongoing operation and maintenance; and/or coordination with USACE on Section administrative, ) identified; subject to
Watershed Drainage 1 . y frequency storm events; in 2 wider benefit 4 S = A . n 7 . 6 through property level of environmental B] I s
01 Transportation benefits N N ) City's existing O&M O&M requirements are well defined (Regular); 404/wetlands permitting after JD. See regulatory and o ) coordination with THC
Improvements some recreation benefits categories X P acquisition benefits (1 category)
. s Tee Anchor Lake Drainage Master Plan limitations / and USACE Tulsa
may be realized if park space . .
(Halff Associates, 2014) requirements
can be preserved
N . N . . . ) . Project has a‘t\./plca|‘ Project does not provide Project does not provide
Rhea Road Drainage | 0130000 . ) Project does not deliver Project requires regular, ongoing operation and maintenance; and/or O&M number of administrative, . .
N 1 No wider benefits . ) 0 S 26,645 . N 7 o 6 any environmental 0 any environmental
Project 02 any wider benefits requirements are well defined (Regular); regulatory and limitations ) )
. benefits benefits
/ requirements
Coordinate easement through golf Project has a typical
course, check environmental permittin, number of
B Project delivers benefits . . B . . . N . ) p e L ) Project does not provide Project does not provide
Brenda Hursh Drainage | 0130000 N N Enhanced use of golf course | . . ) Will be a part of the Project requires regular, ongoing operation and maintenance; and/or requirements (potentially in the Waters administrative, . .
) 1 Recreation benefits b in only 1 wider benefit 1 S = SR . . 7 ) 6 any environmental 0 any environmental
Improvement Project 03 amenity City's existing O&M O&M requirements are well defined (Regular); of the United States, but could probably regulatory and ) )
category N N ) R benefits benefits
use Nation Wide Permit and not go limitations /
through USACE) requirements
. . . . . . . . Due to construction in channel of Palo | Prject has.a‘hlgh r\umber Project does not provide Project does not provide
City of Canyon Flood | 0130000 . ) Project does not deliver Project requires regular, ongoing operation and maintenance; and/or 0&M . . of administrative, . .
L . 1 No wider benefits A . 0 $ 100,000 ) ) 7 Duro Creek, likely long lead time for o 2 any environmental 0 any environmental
Mitigation Project 12 any wider benefits requirements are well defined (Regular); USACE 404 it regulatory and limitations benefit benefit
permitting / requirements enefits enefits
o . " . . . . . el s a.t\./plcal. Project does not provide Project does not provide
Wichita Gardens 0130000 . ) Project does not deliver Project requires regular, ongoing operation and maintenance; and/or O&M number of administrative, . .
. 1 No wider benefits . ) 0 S 78,331 N ) 7 N 6 any environmental 0 any environmental
Drainage Improvements 13 any wider benefits requirements are well defined (Regular); regulatory and limitations . .
R benefits benefits
/ requirements
. N . . . ) . Project has a‘t\./plca|‘ Project does not provide Project does not provide
Echo/Neta Lane 0130000 . ) Project does not deliver Project requires regular, ongoing operation and maintenance; and/or O&M number of administrative, . .
N . 1 No wider benefits . ) 0 S 25,380 N N 7 o 6 any environmental 0 any environmental
Drainage Project 15 any wider benefits requirements are well defined (Regular); regulatory and limitations ) )
. benefits benefits
/ requirements
. " . . . . . el s a.t\./plcal. Project does not provide Project does not provide
N R . 0130000 . ) Project does not deliver Project requires regular, ongoing operation and maintenance; and/or O&M number of administrative, . .
Hirschi - Huskie 1 No wider benefits . ) 0 S 5,627 N . 7 L 6 any environmental 0 any environmental
16 any wider benefits requirements are well defined (Regular); regulatory and limitations . .
R benefits benefits
/ requirements
. N . . . ) . Project has a‘t\./plca|‘ Project does not provide Project does not provide
Landon, Duty and Sunset| 0130000 . y Project does not deliver Project requires regular, ongoing operation and maintenance; and/or O&M number of administrative, . .
N N 1 No wider benefits . ) 0 S 18,860 . N 7 o 6 any environmental 0 any environmental
St Drainage Project 17 any wider benefits requirements are well defined (Regular); regulatory and limitations ) )
. benefits benefits
/ requirements
B N . " . . . . . el s a.t\./plcal. Project does not provide Project does not provide
Spanish Trace Drainage | 0130000 . ) Project does not deliver Project requires regular, ongoing operation and maintenance; and/or O&M number of administrative, . .
N 1 No wider benefits . ) 0 S 9,275 . 3 7 L 6 any environmental 0 any environmental
Project 18 any wider benefits requirements are well defined (Regular); regulatory and limitations . .
R benefits benefits
/ requirements
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core 14: Environmental Impact

Score 15:

Mobility

Score 16: Regional

Project Name

FMP

Environmental Impact
Ranking

Score 14

Traffic Count for LWC
Project

Notes 15

Mobility Ranking

Score 15

Project Count

Regional Ranking

Score 16

T-Anchor Lake
Watershed Drainage
Improvements

0130000
01

Project has no adverse
environmental impacts

Increased accessibility

along Ross-Osage St and

T Anchor Blvd including
at two points of
historical HWR

PToject will protect some
major access routes in
floodplain and the
majority (>50%) of
emergency service access.
Some major and many
minor access routes will
remain flooded, and
emergency services access

may b, in som,

Rhea Road Drainage
Project

0130000
02

Project has no adverse
environmental impacts

Project will protect some
major access routes in
floodplain and the
majority (>50%) of
emergency service access.
Some major and many
minor access routes will
remain flooded, and
emergency services access
may be restricted in some
areas

Brenda Hursh Drainage
Improvement Project

0130000
03

Project has no adverse
environmental impacts

Project will protect
some major access
routes in floodplain and
the majority (>50%) of
emergency service
access. Some major and
many minor access
routes will remain

City of Canyon Flood
Mitigation Project

0130000
12

Project has no adverse
environmental impacts

1232

Improve LWC at two
locations

Project will protect all
major access routes in
floodplain and all
emergency service access.
Minor access routes are
still flooded or have
restricted access in local
areas.

Wichita Gardens
Drainage Improvements

0130000
13

Project has no adverse
environmental impacts

Project will protect some
major access routes in
floodplain and the
majority (>50%) of
emergency service access.
Some major and many
minor access routes will
remain flooded, and
emergency services access
may be restricted in some
areas

Echo/Neta Lane
Drainage Project

0130000
15

Project has no adverse
environmental impacts

Project will protect some
major access routes in
floodplain and the
majority (>50%) of
emergency service access.
Some major and many
minor access routes will
remain flooded, and
emergency services access
may be restricted in some
areas

Hirschi - Huskie

0130000
16

Project has no adverse
environmental impacts

Project will protect some
major access routes in
floodplain and the
majority (>50%) of
emergency service access.
Some major and many
minor access routes will
remain flooded, and
emergency services access
may be restricted in some
areas

Landon, Duty and Sunset
St Drainage Project

0130000
17

Project has no adverse
environmental impacts

Project will protect some
major access routes in
floodplain and the
majority (>50%) of
emergency service access.
Some major and many
minor access routes will
remain flooded, and
emergency services access
may be restricted in some
areas

Spanish Trace Drainage
Project

0130000
18

Project has no adverse
environmental impacts

Project will protect some
major access routes in
floodplain and the
majority (>50%) of
emergency service access.
Some major and many
minor access routes will
remain flooded, and
emergency services access
may be restricted in some

areas
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