Jordan Creek FRM Study, Springfield, MO
Appendix C- Attachment A H and H Report

Jordan Creek Feasibility Study
Springfield, Missouri

CITY of
SPRINGFIELD




Jordan Creek FRM Study, Springfield, MO
Appendix C- Attachment A H and H Report

Jordan Creek Feasibility Study H&H
Report

Model Created By:
Errin Kemper
City of Springfield, MO.

May 2013



Jordan Creek FRM Study, Springfield, MO
Appendix C- Attachment A H and H Report

Table of Contents: Page

1. INTRODUCTION......ciiiiiiiiieueiiiiiiiieiiiieeiis s seesssaassiss s e ssssaasesss s s e s s saaasssssssssessnassssssssssssersnasssssssenanns
2. GENERAL....cceeciitttiiieins ettt eessaaas s e s e e e e s sa e s e et e e e e e s s s s s e s s e e e s s sassss s et s eessssnsssssaseneassnnsses

2.0, SCOPE OF WORK c...ceuteruteeuteeteeastesieessee et et et e st e sheesatesate e bt e bt e bt e sme e eme e et e e b e e beesbeesaeesanesabesabeeabeenneennees
2.2, WATERSHED DESCRIPTIONS ....vteutterteerieesitersesreesseesseesseesseesmseenseeseesseesseesaeesasesasesaseeseesseesneesnseenseesseenseens
2.2.1. NOIth BranCh JOTQQN ...........cooueeveiiiieiieeeeeeeee ettt s
2.2.2. SOULN BraNCR JOIAON. ..ottt
2.2.3. LOWET BIONCH JOIOQN ...ttt
2.2.4. WIISONS CTEEK ...ttt ettt sttt sttt s e sineeneeneen
2.3, AVAILABLE HISTORICAL DATA ...cntiiiteitte ittt ettt ettt sttt ettt et she e saeesane s bt s bt e b e s seesmeesmeeeaneeneenseens
2.4, PREVIOUS STUDIES ..vteutteutteuteeteesteesttesutesusesneeseesbeesseesseesmeeemseenseesbeesheesaeesanesabesaseenseenseesneesmseenseenseenseens
2.5 HISTORIC FLOODS. . utttttttututueetuuetaeatssasesseessesssesseesssseeseeeeeesesssssesseeeaeeseseeseeseessaeesasssssesseseeesensesseaessnnnssnnsnnns
2.5, 0 JUIY TO09......ooeeeeeee ettt sttt ettt s
2.5.2.JUNE 1932 ...ttt sttt ettt et e s
25,30 JUIY TO5T .t ettt sttt ettt e ne s
2.5.4. SEPLEIMBEL 1993 ....ooooeeeeeeeeeee ettt ettt e e ettt e e ettt e e e et e e et e e e et e e e et e e et e e et taaaeerteaaeerrees
2.5.5.JUIY 20000.........ccueoeaeieieeeeeeeeeee ettt sttt ettt s
2.5.6. IMQY 2002........ooueeeieeeee ettt ettt ettt ettt ettt e et e e e eateeteeteen
2.5.7. 56PLEMDEI 2005 ...........eeeeeeeeeeeeeeeeee ettt e e e e e et e e e e e r i ————aaaeaarin——————aaaaaas
2.5.8. JUNE 2008........ccconeeeeeeeeeeeeee ettt e e s e e e e e nneees

3. WITHOUT PROJECT HYDROLOGIC MODELING.......ccotttimmmneiiiiiiiiinnneiinnineinnneeienenssesssasssesssssesssnnaes

3L OVERVIEW .ovtutiieeeeieitie e e e e e e eettaae e s e e e e e taa s eeeeee s e st aaa s ees s e s s s saaas e ssae s s s s aana s sesessasaaassssesssnsnnnssssesssenssnnn
3.2. PHYSICAL WATERSHED PARAMETERS ....ceietittttteeeeeeieststtsseeeeetssssnassesssssssssnnssssssssessssnnnsssssessssssnnssesesssesssnns
T B 2 1o K [ B Y (o 1 K] 1 [0k TR

3.2.2. Ar@A (BA COIA) ...ttt ettt ettt ettt e e et a e e et a e e st e e e e e ts s e e e e tteaeeettnaeesnses



Jordan Creek FRM Study, Springfield, MO
Appendix C- Attachment A H and H Report

3.2.3. Overland Flow EIements (UK CArd) ........ouueueeeeeeeeeeeiiiieiieeeeeeeeeiiieieeeeeeeessiisseeessseeessissssssssseennnns 8
3.2.4. SCS Curve Number and % Impervious (LS COrd) .........ccuueeeecvueeeeeiiieeeciiiaeeeiieeeeccieaeescieaeesnenas 8
Current Development IMOEL..........uuiii i e e erte e e s e rate e e e s eraaeeeeans 8
Future Conditions MOGE ........coouiiiiiiiiee et s s 9
3.2.5. Channel FIOW ROULING EICMENLS ...........ueeeeeeieeeeecieeeeeeee et ete et e et a e s etea e e ssrtaaaesreeas 10
Current Development IMOEL.........c..uiii i e e e e e aa e e e e saaaee s 10
Future Conditions MOGEl ........cooeiiiiiiieeee e s s 10
3.2.6. Kinematic Wave Routing (RK CAId) ............oocueeeceeeeeeeeieeeeeeeeeee et sctea et e setaessasesteassasenans 11
3.2.7. Muskingum-Cunge Routing (RD COId) .........c.ueeoeeeeueeesiiesieeeeeeeeeeeseteeesteescteeeeasesteasean e 11
3.2.8. Modified-Puls Routing (SV-SQ COIdS)..........ccuueeeereeieeeesieeesieeeeeeeeteesiteeesesesisaessesesssessreaesans 11
3.2.9. ReServoir ROULING EICMENTS............coeeeeeeieeeieie et eette e e eetea e e e ctea e st a e e st e e e ssrteaeenrees 11
Elevation vs. Storage (SA and SE Cards).....cuiecueeiiuieeceeeeieeecreesteeesieeesreeestaeesreessraeesaseesraeesnneaens 12
Elevation vs. QUtflow (SQ and SE Cards).........ccovueeeeiireeeeiiireeeeeireeeeeireeeeeetreeeeeireeeeeetreseeenreeeeennnes 12
Future Conditions MOGE] .......coouiiiiiiiiiie ettt et et e b e s sabe e sbeeesareeeas 12
3.2.00. SINKROIES ...ttt ettt ettt ettt ettt et e ettt s ettt nate e et e enanes 12
3.3 RAINFALL DATA .ttt ettt ettt sttt et s h et b e e bt et e bt et e s bt s at et sbeea b e beeheenbeebeeasesbesmeenbesbeentebens 12
3300 DDA ettt ettt ettt ettt ettt e nteeae s 13

R I D 1V o 1 o) PSPPI 16
3.3.3  DUSEIIDULION ...ttt ettt ettt sat e st sttt 16
3.4, FLOW ANALYSIS RESULTS . ...eveeuteteeutetesteetestesutestesueestesbesutensesseeuseseesutensesbeemsenbesueensessesasensesseenseseesnsensens 17
4. WITHOUT PROJECT HYDRAULIC MODELING ......cceuuiiiiiiriiirieiieeireeiirasienessrassrnessrasssrssssrssssssnssses 17
4.1, OVERVIEW ...uteteeuteteeeeeneesseenteseeestesesseemeassesseensesseensesseansensesseensensesneenseaseenseseeensansesseensensesnsensesnsensesses 17
O B [0 T [0 T I O -1 GO USPPRR 17
B 1o KXY 1o | O =T QPPN 17



Jordan Creek FRM Study, Springfield, MO
Appendix C- Attachment A H and H Report

4.1.3. WIISONS CIEEK ...ttt ettt sttt et et e s e nane e 17
4.2, SPATIAL GEOMETRY .uvtiutieuteeteenteesseesieesusesasesaseeseeaseesseesmeeemse et e enbeesbeesaeesanesase s bt ebeeaseeameesmeesaseenseenseens 17
4.3. HYDRAULIC MODEL PARAMETERS ...ccuvteiuteruteeuteeteeseeseesmeesmeeeneeeseesteesseesieesanesanesaneeseesseesmeesmeesmseenseenseens 19

4.3.1. CrOSS SECLION GEOMELIY...uuuuveeeis s saanes 19

TIN Creation .occiiiiiiiiiiiiiiiiiiie i sa e s a e 20
BaNK El@VATIONS ...ttt ettt sttt e sb e s st b e e r e 20
4.3.2. CUIVEIT GEOMELIY ..eeooeeeeeeeeeee et ettt e e ettt e e ettt e e et e e e ettt e e e e ste e e e e esteaeeeasteaaesssteaaessssesaesseees 20
4.3.3. TUNNCI GEOMELIY ..ottt e ettt e e ettt e e ettt e e e e ettt e e e ettt e e e e ssseaeeeastaaaessstesaeesssesaeenssees 20
Tindle Mill Tunnel and Downstream Railroad TUNNEl .......cccooviiiiiriieiiineee e 21
JOrdan UNErZIrOUNG ......coociiiii ettt et etee e e et e e e e rate e e s enba e e e sabaeeeentaeeeenteeeeennees 21
Fremont to National TUNNEI ........ooiiiieee e e 21

4.3.4. FIOW SPIItS AN JUNCLIONS .....vveeeeieeeeeee ettt e e e e et e e e st a e e et e e e e steaaeesssees 21

4.3.5. ROUGANESS COCSFICIENTES ...ooeeeeeeeeeeeee ettt et e et e ettt e e e et e e et e e e e etea e e e steaaeesaseaaeesssees 22

4.3.6. INESTECLIVE FIOW AICQS ....ooeeveeeeeeeeeeeeee e eetee ettt e e e ettt e e e ettt a e s et e e e e ssta e e e sstaaessaseaaeesasesaeesssees 22

2 TUT] o [T g Y=Y ¥ To [0 1V PSPPSRt 22
Channel and OVErbBanK [FAS ...ttt e r et esre e e e sane e 22
Bridge @Nd CUIVEIT IFAS ... et ciieee ettt e st e e e et e e e s bt e e e e sbaeeessntaeeesseaeesssteeeesnnes 22

4.3.7. BIOCKEA OBSIIUCLIONS ...ttt ettt 22

4.3.8. INterpolAted CrOSS SECLIONS.....ccccecuieee et e eeee et ee e e et e e e et a e e et e e e st e e e ssteaeesseaaeesasees 23

4.3.9. CalCUIALION TOIBIANCES .......eeveeeieiiieie ettt ettt ettt e vt e st e e ate e sateeebeaesaseeenes 23

4.3.10. SPECIAI CONAIEIONS. ......oveeeeeeieeeeeiieeeeeiee et eetee e e s ee e e et e e e st e e e sste e e e sstaasessteaeesseeaeesasees 23

Confluence at North and SOUth Branch .........cooueeriiiiniiiiiiiecee et 23
Upstream Section of North Branch.........coocuviiiiiiiiiiie et saree e 23
Jordan Creek Improvements Phase L& 2.......cocciiiiiiiiiii et siee s sitee e e e e sae e s s snae e e e 23



Jordan Creek FRM Study, Springfield, MO
Appendix C- Attachment A H and H Report

Lower JOrdan at KanSas EXP ...c.ccuieeiicuiieeiiiieeeeeitiee e e sitee e esttee e s ette e e e sbaeeeeenbaeeeesasaeesssnsaeesesnseeeeennsees 23
Lower Jordan SOUth Of BENNETE .......oocuiiiiiiieiieeee et 23
Changes in Water SUrface EleVation.........oooiiiiiiiciie ettt e e s 24
4.3.11. WALl SUITACE PIOfilES....ccccueeeeeeieeeeeeieee ettt eeette e ettt e e ettt e e ettt e e s s taeaesetaeaesertsaaesssssaaenines 24
4.4, STEADY FLOW DATA ..ottt ettt sttt sttt et et e s bt e sheesatesab e s bt e b e e s beesmeesmeeemneenneeneens 24
4.4.1. CUITENt FIOW CONGIEIONS ...ttt ettt sttt 24
4.4.2. FULUIE FIOW CONITIONS ..ottt 24
4.5. RISK AND UNCERTAINTY ANALYSIS ..eeuteerueerurerrerteenseenseesmeesmeeaseesseenseesseesueesasesasesasesaseesseesnessnessseenseenseens 24
4.6. SUMMARY OF CONCLUSIONS .....ctetterteerueerutesreeteesseesseesseesmesenseeseesseesseesaeesasesasesanesaseesseessessnessnseenseenseens 25
5. WITH PROJECT HYDROLOGIC MODELING .......cccuiiiuiireeiieniiinniiineiresirnessreesrsassiesssssasssrassssassssanses 26
5.1. REGIONAL DETENTION ANALYSIS. . .eeutetterutesuteeteeseesteesseesutesusesusesaseeaseesseesueesasesmeeenseesseesseesseesueesasesnsennne 26
5.1.1. PreliminGry ANQGIYSIS ........uuueeeeeeeeeeeee ettt ettt ttteta e e e e ettt a e e e e e ssssssaeaaaaesssssssssasaaaeaans 26
5.1.2. REFINEA ANGIYSIS.....oveoaneeeeeeeeeeeeeeee ettt ettt e et e e e et e e e ettt e e e ettt e e e e attaaaeestteaaeessseaaeesses 27
5.1.3. CUITENT CONAILIONS. ...ttt ettt s e et e st e et e eeaeeenans 28
Yo J=To =1 @] g Vo 1 o o I3 SRR 28
5.1.4. Future (Ultimate Development) CONGITIONS ...........oceccceeeeeeeeeeeescieeeesieeeeeeeaeesteeaeescteaa e e 29
Yo T=To =1 @] g T 1 d To o 13RS 29
BaSIN BLS ...t e e e s e e s e e s e e e e s s nre e e s nes 30
BASIN BLA ...t e s s e e s e e e e s nae e e s s nre e e e e nnes 31
BASIN BL2... et s e s e e s e e s s nr e e s s nre e e e nnes 31
BASIN BLLA .ottt e s e e e e e s e e e e s s et e s e ne e e e s ereeeeseanee 31
BASIN BLAC ... ittt e s e e s e e e e e e e s sre e e e s eraeeeseanee 32
BASIN Bl ... e s e e e st e e s s e et e s sree e e s snee 32
BASIN BLAB ..ottt e s e e s s e s s e e e e s enee e e s nnee 32

Vi



Jordan Creek FRM Study, Springfield, MO
Appendix C- Attachment A H and H Report

BASIN BOB ....oiiiiiiiiiiiiii e 32
BaASIN BOC.....oiiiiiiiiiiiiiii i 33
BASIN BTttt e 33
BASIN BB.coiieiiiiiiiiiiii ittt 33
BASIN BBB ....oeiiiiiiiiiiiiiiiiti e 34
AREIrNAtIVE LOCATIONS ...ttt ettt sttt s r e e e b e sme e s me e en e neennee s 34
5.0.5. CONCIUSIONS ...ttt ettt sttt e 34
NOFEN BranCh..cc.eeeeee ettt s e e b e b e b e s e saees 34
SOULN BIanCR....coeiiiee ettt ettt st ettt e b e s s s r e 35
RECOMMENAATION. ...ciiiiiieieeee ettt s e st n e e b e e s e sanes 35
5.1.6. FiNQI BASIN ANGIYSIS coonveeeeeeteeee et tta ettt a e e ettt e e e ettt e e e ette e e e easta e e e aaseaasssasaaaessssesaessssees 36
NOFEh BranCh Basins.....c..eeoeieiieeiieiiesieenee ettt s e r e e be e sae e san e s neeneenes 36
SOULH BranCh Basins......cooeeiiiiiieiieieeieeere ettt sttt ene e e sene e 36

All RECOMMENTAEA BASINS.....eiiiiiiiiiieiiieeiteesieeeite ettt ettt sib e sbe e e sabeesabeesbteesabeesbeeessbeesabaeenanes 36
RESUIES ..ttt ettt ettt ettt e sttt e s ab e e s abe e s bt e e s bt e e bbeeaabe e s baeesabeesabeeeneeesbeeeane 36

6. WITH PROJECT HYDRAULIC MODELING ........cceitiiiiiiiiiiiiiiiiiiniiiseiesisesesssssssssesssesssesesesesesesesesssessssenes 37
5.1 DETENTION ANALYSIS . .utteuteeteesueesutesteeteeaueasstesueesueeeaseaseesseesheesasesasesabeeaseeastesaeesueeeaseenseesseesaeesanesasenane 37
6.2, CHANNEL IMPROVEMENTS ....cutteteettettesutesuteeuteeseesteesteesueesutesasesbeabeaseesaeesaeesaeeeuteeseenseesatesaeesasesasenane 37
6.2. 1. PIAN A = 18 ACE...oooeeeeeeeeeeee ettt et e e e e et et e st e s s ta e s e s bte e s e sasteesenasteasenreeas 37

D LI T ed AV, =14 e Voo [o] [o =4V USRI 37

Yo T=To =1 @] o To L o o [-3 U UERRR 38

RESUIES ..ttt sttt s e s bt e e s bt e s be e e s a b e e s be e e s ne e e neeeenreesneeesnreeea 38
6.2.2. Plan B — 1% ACE (COSt EffeCtiVe PIAN)........cc.ueeeeeeeieeeieesee e eeeeesta et essvtaestaassteassaaannea s 39

B LI T ed T \Y/ =14 e Voo [o] [o -4V 2RSS 39

vii



Jordan Creek FRM Study, Springfield, MO
Appendix C- Attachment A H and H Report

Grand Street IMPrOVEMENTES. ....ccii et e e e e e e sbte e e e e bre e e e sbteeeesasaeeeenanees 39
SMith Park IMProVeMENTS .......vii ittt et e e e sbte e e e e ate e e e s bteeeeeasteeeenanees 39

Rail Road Crossing at ChestnUL SEreet......cuviii i e 39
Phelps Street (Washington to JEfferson)........ceeee et 39
RESUIES ...ttt sttt et et e bt e b st et b e s b e sae e san e s ne e b e e bt e nneennees 39
6.2.3. PIAN C—2% ACE (50 YOOI oottt ettt sttee et e st a e taa e s e e s asaaesaseasssasessssanseeen 40
DeSIZN MEtNOUOIOZY ....eiiiieiiiii et e e et e e e st te e e s ebee e e e sbaeeeesasteeeenanees 40
RESUITS ...ttt ettt sttt et e e e s bt sttt h e sh e s e e st s ne e b e r e e s neennees 40
6.2.4. PIAN D = 0.2% ACE (500 YEAT) ....c.ueeueeeeeieeieeieeeeseeeest ettt ettt sttt ettt et saeessesae e 40
DeSIZN MEtNOUOIOZY .. .eiiiieiiieiiiee e e e e e st te e e e s bre e e e sbteeeesaseeeeesanees 40
RESUIES ..ttt sttt sttt et e s b st r e s h e e e st s n e e bt e r e neeenees 40
6.2.5. PIAN E = 4% ACE (25 YEAT)....eeeeieeieseeese ettt sttt ettt ettt s 41
DESIZN MELNOUOIOZY .. .eiii it e e e e s bte e e s sbte e e e satee e e snteeeesanees 41
Fremont Avenue (SOUth Branch) ........ooueeeiiiiciie ettt et e 41
6.2.6. Plan F— 1% ACE Reach 3 & 6 With 0.2% ACE REACH 1 .........oeeeeeeniiieiieeeeieeseeeee e 41
(DLT F=d a1V =14 T o] [} oY PSPPSR 41
Reach E1 — Downstream of BeNNett Street.......cooueieiiiriiiiiiieeiee et 41
Reach E2 — Mt Vernon Street to FOrt AVENUE ........cooieiriieeiiieniee ettt 41
Reach E3 & E6 — Downtown t0 Fremont AVENUE .........cooveeiiiieniiee et 42
Reach E4 — Confluence to Central Street.......ovii i riiienieeieeeee e 42
6.2.7. Plan G —4% ACE Reach 3 & 6 With 0.2% ACE REACH 1 ........oeeeeeeviiieiieeeeiiesieeeee e 42
DESIZN MELNOUOIOZY ....eiiiieiiiei ittt e e e e e e e st e e e s ate e e e sate e e e snreeeesanees 42
Reach E1 — Downstream of BenNnett Street........ooceiiiiiriieiiiieeie e 42
Reach E2 — Mt Vernon Street to FOrt AVENUE ........cooviieiieeriiieeiee e 42

viii



Jordan Creek FRM Study, Springfield, MO
Appendix C- Attachment A H and H Report

Reach E3 & E6 — DowNtown tO FremoNnt AVENUE........c.eecvieimeeiiiniieieeieeie et 42
Reach E4 — Confluence to Central STreet........ccevuirciiriieiieiieiee e 43
6.2.8. Plan H — 4% ACE (SeIECt LOCATIONS) ......uvvveveeeeeeeeiiiieeeeieeeeeetiiivieeeeeeesssissseeeseeesssssssssssssseesssianes 43
DeSigN MEthOTOIOZY ....ciiiiuiiiiicieee e e e e e e e et e e e e bae e e e sbae e e esabeeeeenasees 43
Reach E1 — Downstream of Bennett Street........ccoocveiieiieiieiieneeeeeeee e 43
Reach E2 — Mt Vernon Street to FOrt AVENUE ........ccocvieiieiiiniineceeeese e 43
Reach E3 & E6 — Downtown tO FremoNnt AVENUE..........coceeiiiiiiniieteeeenee st 43
Reach E4 — Confluence t0 Central STreet........ccocvieeieiieiierieieeeeee et 43
6.2.9. PlAN [ = PlON G W/O DEEENTION ....veeeeeeseeeeeeeeieeeeieeeeeeateeeesatteseeavaesssiaeesssssstesssssssesssssseees 43
DeSIZN MEtNOUOIOZY ....eiiiiiiiie i e e e e e e ee e e e st ee e e e ebae e e ssabeeeeesnsees 43
6.2.10. Plan J — Regional Detention & REACH El.............oeeeecuveeeeeiiiieeesiieeesieeeesieaeesieaeesieaeesveeas 44
DeSIZN MELNOUOIOZY ....eiiiiiiiie it e e e s e e e sbee e e e sbae e e e sabeeeeenanees 44



Jordan Creek FRM Study, Springfield, MO
Appendix C- Attachment A H and H Report

List of Plates

Plate Series A — Flow Data Tables

Plate Series B — HEC-RAS Cross Section Locations

Plate Series C — Current Conditions Hydraulic Profiles

Plate Series D — Future Without Project Conditions Hydraulic Profiles
Plate Series E — HEC-1 Sub Basin Locations

Plate Series F — Regional Detention Basins



Jordan Creek FRM Study, Springfield, MO
Appendix C- Attachment A H and H Report

List of Appendices

Appendix HH-A — Sub Basin Information

Appendix HH-B — Modified-Puls Routing Elements

Appendix HH-C — Ultimate Impervious Values Based on Zoning
Appendix HH-D — Dynamic Routing Cross Sections

Appendix HH-E — Historic Flood Photos

Appendix HH-F — Model Comparisons with Observed High Water  Marks and Stream Gage
Data

Appendix HH-G — October 2004 Stream Photos
Appendix HH-H — Rainfall Table from the Rainfall Atlas of the Midwest
Appendix HH-1 — Summary Table of Regional Detention Basins

Appendix HH-J — Standard Deviation of Error for Without Project-
Current Conditions Model

Appendix HH-K — Proposed Regional Detention — Preliminary Basin Summary
Appendix HH-L — Summary Table of Regional Detention Analysis
Appendix HH-M — Overland Rating Curves for Determining HEC-RAS Flows

Appendix HH-N — HY-8 Rating Curves for Determining Flow Split at Confluence during With
Project Conditions

Xi



Jordan Creek FRM Study, Springfield, MO
Appendix C- Attachment A H and H Report

1. Introduction
Through a cooperative effort undertaken by the City of Springfield and US Army Corp of Engineers as
part of the Jordan Creek Feasibility Study, a hydraulic and hydrologic study of Jordan Creek and a portion
of Wilsons Creek, tributaries of the James River, located within the city limits of Springfield, Missouri
was initiated in 2004. Historically, this basin has suffered numerous floods due to increased urbanization
and insufficient drainage capacity. The purpose of this study is to determine the feasibility of flood
damage reduction alternatives for the Jordan Creek watershed. This report presents a description of the
analytical approach, analyses performed, and the results obtained for a detailed hydrologic and
hydraulic study of the approximately 10.2 miles of Jordan Creek and Wilsons Creek that passes through
the City. Results of this study include water surface profiles for the 100%, 50%, 20%, 10%, 4%, 2%, 1%,
and 0.2% Annual Chance Exceedance (ACE) storm events for without-project (existing) conditions,
without-project (future) conditions, and for several respective with-project alternatives.

2. General

2.1. Scope of Work

An analysis of the watershed and stream hydrology and hydraulics was performed using the US Army
Corp of Engineers’ HEC-1 flood hydrograph modeling package in conjunction with the HEC-RAS river
analysis system. The results of this modeling effort were used to develop depth-duration-frequency
rating curves for each portion of the study stream. The system was first analyzed under current and
future development watershed conditions assuming no implementation of flood damage reduction
alternatives. These scenarios were then modified to include a number of project alternatives aimed at
reducing flood damages at different portions of the stream.

The downstream limit of federal interest is at the US Hwy 160 crossing of Wilsons Creek at RS 23800.
The downstream modeling limit is at Scenic Drive near RS 31152 on Wilsons Creek. The effects of
proposed project alternatives in the 1.4 mile reach between Scenic Drive and US Hwy 160 will be
considered. Cumulative drainage area at the downstream model limit is about 19.3 sg-mi. The analyses
extend upstream along Jordan Creek, North Branch of Jordan Creek, and South Branch of Jordan Creek.
The upstream limit of federal interest on North Branch is at about RS 11300, where the drainage area is
1.85 sg-mi. Drainage area 300 feet upstream at RS 11600 is 1.35 sq-mi. The upstream limit of federal
interest on South Branch is about 800 feet upstream of Chestnut Expressway at about RS 10950, where
the drainage area is 1.58 sq-mi.
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2.2. Watershed Descriptions

2.2.1. North Branch Jordan

The North Branch of Jordan Creek drains 3.59 sq-mi and is the smallest major sub-watershed in the
study. North Branch has moderate stream slopes (although the highest in the study) and a high degree
of urbanization. Most of the development in the watershed is evenly divided between
industrial/commercial in the upper portions of the watershed and residential in the lower portions of
the watershed. The stream travels in a pair of roadside ditches for the first 4000-ft and passes through a
regional detention basin on its way through the watershed. Just before the joining the South Branch, the
stream passes through a 1000-ft tunnel located under an industrial area. One unique characteristic of
this watershed is the railroad line that crosses through the northeast portion. The culverts under this rail
line are relatively small. The railroad embankment provides detention of runoff from the uppermost 0.5
sg-mi (14%) of the watershed, thereby reducing peak flow. The North Branch sub-watershed includes
approximately 14 additional stormwater detention basins that were specifically constructed for that
purpose.

2.2.2. South Branch Jordan

The South Branch of Jordan Creek is a moderately sloped reach. The watershed has a high degree of
urbanization divided between industrial/commercial and residential development. South Branch is the
largest major sub-watershed in the study, drainage 5.95 sg-mi. However, due to a number of sinkholes,
much of the watershed contributes very little storm runoff. The South Branch sub-watershed includes
16 constructed stormwater detention basins.

2.2.3. Lower Branch Jordan

The North and South Branches converge to form the Lower Branch of Jordan Creek, which carries runoff
form 4.21 sg-mi in addition to that contributed by the North and South Branch sub-watersheds. The
stream has a moderate slope similar to the South Branch. The watershed is highly urbanized with a high
number of industrial/commercial developments on the upstream side of the watershed and a large
percentage of residential development on the downstream end. Just downstream of the confluence of
the North and South branches, the stream enters a large tunnel which conveys stormwater nearly 3400-
ft through the Springfield downtown area. Different portions of this tunnel, which measures
approximately 30-ft wide and 10-ft tall, were constructed around the 1930s. The Lower Branch sub-
watershed includes 3 constructed detention basins.

2.2.4. Wilsons Creek

Jordan Creek and Fassnight Creek converge to form Wilsons Creek approximately 2000-ft upstream of
Scenic Avenue, with Fassnight Creek adding runoff from 5.52 sq-mi of drainage area. Due to limited
floodplain development, only a short reach of Wilsons Creek has been included in the study. Wilsons
Creek is a natural channel with a moderate slope.

2.3. Available Historical Data
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Since 1999, the City of Springfield has maintained a number of rainfall gages throughout the Jordan
Creek watershed. In the last several years, this number has increased significantly with the addition of a
new gage network. Previous to 1999, the local airport was the best source for rainfall information.
However, due to the spatial variability of intense storms in Springfield and the location of this gage, the
local airport gage may inaccurately reflect the rainfall totals over the Jordan Creek watershed. For
example: in June 2008, the airport reported a total precipitation depth of 3.88 inches while gages in the
Jordan Creek watershed reported depths of 4.5 to 5.4 inches.

In recent years, including the July 2000 flood, Doppler radar images have provided a source of rainfall
information. The results of published regional rainfall frequency analyses were used in lieu of analyses
based on local data due to the short period of record for which local data is available. Reliable local
precipitation data sufficient to accurately describe the spatial and temporal variation in significant
observed rainfall events does not exist in conjunction with reliable observed peak stream flow data, and
thus was not used for hydrologic model calibration.

The USGS has continually operated a flow gage at Scenic Avenue near the downstream limits of this
study since 1931, but annual peak flow data is available only since 1999. During the flood of July 2000,
this gage appeared to give inaccurate readings for the large flood flows. The rating curve for this gage
has since been modified, but information on the July 2000 storm is still questionable. During the 2000
storm event, a local gage was in place on the North Branch of Jordan Creek and was destroyed by flood
flows before any useful information was taken.

In addition to the USGS gage at Scenic Avenue, the pharmaceutical manufacturing plant just
downstream of Bennett Street on Jordan Creek maintains a series of stream gages. Data for this gage
was available during the flood of July 12, 2000.

Appendix HH-F summarizes the information available from the USGS gage at Scenic and the gage
downstream of Bennett Street and compares this data to the hydrologic and hydraulic models created
as part of this study. Appendix F also summarizes the estimated flood heights taken from high water
marks found throughout the watershed.

2.4. Previous Studies
Hydrology and Hydraulics Report South Branch Jordan Creek — Box Culvert from National Avenue to

Sherman Avenue; December 2004; Harrington and Cortelyou. Size an enclosed structure between

National Avenue and Sherman Avenue.

Jordan Creek — South Branch Sinkhole Assessment Project; Spring 2005; SMSU. An evaluation of Sinkhole
Flooding, Stability & Non-point Sources.

Jordan Creek — Story of an Urban Stream; Loring Bullard. An historic account of Jordan Creek.
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Flood Insurance Study, City of Springfield, Missouri, 2002 — The City revised the Federal Emergency

Management Agency (FEMA) preliminary flood insurance studies. The City developed more detailed
hydrologic and hydraulic models and used recent aerial photos, two-foot contours, and GIS technology
to produce improved mapping. The revised maps are currently issued by FEMA as “Preliminary”. The
potential effective date is unknown at this time.

Flood Insurance Study, City of Springfield, Missouri, FEMA, Preliminary by Michael Baker, Jr. Inc., June

2000 — This study revises and updates the previous Flood Insurance Study/Flood Insurance Rate Map for
Springfield, Greene, and Christian counties, Missouri. The information will be used to update existing
floodplain regulations and further promote sound land use and floodplain.

James River-Wilson Creek Study, Springfield, Missouri, U.S. Department of the Interior, June 1969. — The
purpose of this study was to assess pollution problems associated with fish kills, storm runoff, and

odorous and unsightly conditions in Wilson Creek. The project included measurements of physical and
chemical parameters, biological studies, and a groundwater study.

Flood Plain Information — Wilson Creek and Tributaries; November 1968; U.S. Army Corps of Engineers,

Little Rock District. Provides information and photographs regarding flooding.

Comprehensive Stormwater Report for Springfield Missouri; 1964; Crawford, Murphy, Tillie. Established

peak flow rates and identified capital improvement needs.

Water Resources Data — Missouri; Annual Publication; USGS. Gage data at two to three locations below

the Jordan Creek watershed.

Jordan Creek Baseline Water Quality Project — August 2004 to July 2005. Ozarks Environmental and

Water Resources Institute and Missouri State University. This report describes the baseline water quality
trends for the upper Wilson-Jordan Creek watershed.

Major Rainfall Events of 2000 — Springfield Missouri; 2000; Todd Wagner, PE., Engineering Division,
Department of Public Works, City of Springfield, Missouri. Summarizes the rainfall events and flooding
from the July 2000 rains.

Preliminary Report on Flood Damage Resulting From 7/12/2000 Rain Event; 2000; Todd Wagner, PE.
Summary of the rainfall and flood damage that occurred during the July 12, 2000 rainfall event.

City of Springfield Inter-Office Memorandum: 634 E Phelps — Commercial Metal Property; 2008; Errin
Kemper, PE. Department of Public Works, City of Springfield, Missouri., Memorandum on the reported
flood depths at 634 E Phelps and 509 N Washington.

Lessons Learned — Flooding September 23-25, 1993 — November 1993. City of Springfield Missouri.
Documents the lessons learned during the September 1993 floods.
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2.5. Historic Floods

Records available to the City of Springfield indicate that the following flood events have occurred in the
Jordan Creek watershed. Prior to the 1900’s, major floods occurred in 1844, 1859, 1866, 1868, 1871,
and 1876. The current large box culvert which carries the Jordan Creek through most of the downtown
area was constructed in 1928, primarily as a response to the 1909 flood. Many of the other large box
culverts and channels along Jordan Creek were constructed during the 1930s.

2.5.1. July 1909

The U.S. Weather Bureau recorded 6.55 inches of rainfall in 24 hours on July 7, 1909. The resulting flood
was considered to be a landmark flood in later years. Newspaper articles stated that “the water was all
over the Wilson and Jordan Creek bottoms” and that it was the “worst rain ever known in Springfield”.
Many people were rescued from the flood, but there were no human causalities. It was estimated that
over 100 horses had drowned and damages to downtown businesses topped one-half million dollars.

2.5.2. June 1932

The precipitation on June 26-27 amounted to 6.8 inches in 24 hours with 3.4 inches occurring in a 2 hour
period. Two persons drowned in streams in and near Springfield. The flood was the largest known flood
up to that time on Jordan Creek. The peak discharge at the USGS gage on Wilson Creek was estimated to
be about 3,600 cfs. It is assumed that the gage referenced in reports was located at Scenic Ave. The
following are newspaper excerpts concerning the June 1932 flood at Springfield. From the Springfield
News Leader and Press —June 27, 1932: “CITY SUFFERS HEAVILY IN FLOOD: CHIEF HAVOC ALONG THE
JORDAN. Widespread damage from last night’s sudden deluge and resulting floods were reported all
day today. Chief damage was in the Jordan Valley, where everything was flooded, including homes and
warehouses. Extensive, severe, and expensive damage to City streets was reported by the City
Engineer.... In the offices of the Kelly Coal Company the water was 26 % inches above the floor, seven
and a quarter inches higher than during the cloudburst of 1909.”

2.5.3. July 1951

Total precipitation from this storm amounted to only 3.9 inches. However, 2.13 inches fell in one hour
and 3.1 inches were recorded in a 3 hour period. The flood resulted in heavy damage along Jordan
Creek. Water was over the platform of the Frisco freight station and was waist deep at the Hoffman-Taft
plant on West Bennett Street. The following are newspaper excerpts concerning the July 1951 flood at
Springfield. From the Springfield News Leader and Press — July 4, 1951: “HOLIDAY STORM BRINGS CITY
FLASH FLOODS, HEAVY DAMAGE. Fickle weather last night and early today, sending rivers out of their
banks; dashing Springfield with record rainfall and causing thousands of dollars of property
damage....Jordan Creek ran out of its banks early in the night flooding numerous streets...leaving about a
foot of water standing in the freight yards...Most extensive damage was caused at Hoffman-Taft, Inc., a
pharmaceutical manufacturing plant...Hundreds of drums of valuable chemicals were carried away by
the flash flood.”
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2.5.4. September 1993

Severe flooding occurred several times throughout September 1993, the most severe resulting from 8.3
inches of rainfall in 30 hours on September 24-25. With soil conditions already saturated from previous
rains, the storms of September 24™ and 25" produced massive flooding throughout the Jordan Creek
watershed. The storm was categorized as a 100-yr flood and Greene County was declared a disaster
area.

2.5.5. July 2000

On July 12, 2000, the Jordan Creek watershed received 6-8 inches of rain in approximately 6 hours (the
majority of the rainfall occurring in a 2-hr timeframe), resulting in what appeared to be on the order of a
2% to 1% ACE event. The temporal distribution of this rainfall event appeared to match very closely to
the Huff’s 1* quartile distribution used for this hydrologic analysis. Floodwaters were 4 to 6 feet deep in
some places and swept through at least 124 homes and displaced more than 100 people. The following
day, city officials estimated at least $2 million in damages to public property including damages to roads
and parks. Coal deliveries to the city's power plant were also delayed because of flood damages to
railroad tracks (Springfield News-Leader, July 14, 2000). Immediately after the storm event, City crews
collected photographs of a few of the high water marks left behind. These photos have allowed the City
to compare flood heights from the 2000 storm with those produced by the hydraulic model. See
Appendix HH-E and F for more information.

2.5.6. May 2002

On May 8, 2002 the Jordan Creek watershed received 3.47 inches of rain in approximately 6 hours (the
total for the entire day was 4.72 inches). This storm was estimated at a 20% ACE event. The USGS gage
estimated a peak flow of 4360 cfs while the HEC-1 model produced for this study indicates a 5-yr 6 hour
peak flow of 4457 cfs.

2.5.7. September 2005

On September 15, 2005 the Jordan Creek watershed received 2.23 inches of rain in one hour. 3 hours
later, the watershed received another 1.86 inches over a period of 1.5 hours. The USGS gage does not
have a record of exactly when the river levels peaked compared to the rainfall event so it is difficult
estimate the frequency of storm that caused the peak. However, given the response time of the
watershed it is likely that the peak occurred during or after the second rainfall event. Since the HEC-1
model used for this study is a single-event simulation, it is difficult to make a reasonable flow
comparison but it appears that the storm was on the order of a 50% to 20% ACE event with a short (1-
2hr) duration.

2.5.8. June 2008

On June 13, 2008 the Jordan Creek watershed received 4.5 to 5.4 inches of rain over a period of about 8
hours. By 2008, the City of Springfield was operating a complex rain gage network across the city. The 4
gages located within the watershed indicated a storm with a 10% to 4% annual chance frequency. The
USGS gage at Scenic Avenue along Wilsons Creek, at the downstream limits of the project, indicated a
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peak discharge of 5760 cfs. According to the hydrologic model produced as a part of this study, the
corresponding peak flow rate should be between 5530 (10% ACE) and 6995 (4% ACE). In addition, field
observations and flooding reports made during the June 13 have allowed the City to compare observed
water surface elevations with those shown in the hydraulic study. See Appendix HH-F for more details.

3. Without Project Hydrologic Modeling

3.1. Overview

This report presents the results of a hydrologic modeling effort created by the City of Springfield in
cooperation with the US Army Corp of Engineers. Each model was created using the Army Corp of
Engineers HEC-1 flood hydrograph package and simulates the rainfall-runoff process for large storm
events in the Jordan-Fassnight Creek watershed. Two separate models were created in order to simulate
runoff for current land use conditions and expected ultimate development land use conditions. The
current land use model reflects development in the watershed as of about 2003. This includes current
impervious areas and all significant storm water improvements and detention basins. The ultimate
development model is a variation of the current model with land uses projected to 2053 based on
current zoning. More information on the development of these models is found below.

3.2. Physical Watershed Parameters

Each sub basin found in the HEC-1 model is defined as “an area contributing flow to the watershed”.
Characteristics of each sub basin were input into the model in order to represent how the watershed
responds to a rainfall event. In HEC-1, each watershed parameter is described on a “card” or line of
code.

A GIS layer is available that shows the boundaries of each sub basin as well as information on the
various characteristics of each. Each version of the model uses the same sub basin delineation. These
sub basins are shown on Plate E.

3.2.1. Basin Statistics
The Table 1 includes the general statistics for each major watershed used in the model.
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Table 1: Basin Statistics

North South Lower Fassnight
Branch Branch Branch Creek
Number of Sub Basins 70 75 53 32
Total Area (acres) 2298 3239 2692 3531
Sub Basin Size Range
5.1-136.5 7.4-132.6 0.7-256.0 13.2-383.7
(acres)
Sub Basin Mean Area
32.8 42.6 50.8 110.3
(acres)

3.2.2. Area (BA Card)
The area for each individual sub basin in the model was calculated using ESRI’'s ArcMap software. Area

for each basin is listed in both acres and square miles in the model input.

3.2.3. Overland Flow Elements (UK Card)
Most of the sub basins used in this model contain two overland flow elements. One element represents

overland flow across the directly connected impervious areas found within each sub basin. The second
element represents overland flow across the pervious surfaces within the sub basin. For each of these
overland flow elements, an SCS Curve Number (CN) is defined in order to describe infiltration across the
basin and to establish rainfall runoff volumes.

The length and slope of each overland flow element was estimated using the City’s two-foot digital
contours and digital aerial photos and represents an average value for each element in the sub basin.

A “Manning’s roughness factor” for overland flow was used for each overland flow element. Typically, a
roughness factor of 0.10 was used to describe the impervious flow element while a roughness factor of
0.20-0.25 was used to describe the pervious flow element.

3.2.4. SCS Curve Number and % Impervious (LS Card)

3.2.4.1 Current Development Model

For each type of overland flow element, an SCS Curve Number was defined in order to establish
infiltration parameters. For the flow element representing impervious areas, a CN of 98 was chosen
according to the SCS Curve Number guidelines. For the pervious overland flow element, a CN was used
that best represented the pervious areas found in the watershed. CN values were determined using the
City of Springfield’s “Design Standards for Public Improvements” AMC Il. This “pervious” CN was
estimated through the use of an automated GIS procedure developed by the City of Springfield.
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This procedure divides each watershed into a series of one-meter grid cells. Using infrared satellite
imagery, the different color bands are manipulated so that each cell falls into one of three categories;
tree cover (low reflectivity), w/o tree cover (med reflectivity), and impervious (high reflectivity). Each of
these cells are then classified according to soil type, and land cover. A curve number is assigned to each
grid cell according to this classification. Once a CN has been established for each cell, the average grid
cell value is calculated over all of the pervious areas within a sub basin and a % impervious is calculated
for all cells found to be impervious. The Table 2 shows the CN values used to calculate the composite CN
for each basin. Appendix HH-A contains a table of all sub basins and their respective pervious Curve
Numbers and % Imperviousness. The watershed is small urban and well defined which led the modeling
to give a high degree of certainty (i.e. low uncertainty) with regards to the definition of the infiltration
rates.

Table 2: Table of Curve Numbers

Grid Cell Classification Curve Number
Impervious Areas 98
HSG B w/o Tree Cover 73
HSG B w Tree Cover 61
HSG C w/o Tree Cover 82
HSG C w Tree Cover 74
HSG D w/o Tree Cover 86
HSG D w Tree Cover 80
Compacted Fill w/o Tree Cover 86
Compacted Fill w Tree Cover 80

Future Conditions Model

For the future conditions model, GIS was used to find a percentage of imperviousness for each sub basin
based on current zoning. A GIS layer was created that assigned a % impervious to each zoned area as
well as each street and right-of-way. This layer was then used to assign a % impervious to each sub
basin. Appendix HH-C contains values of % impervious used for each type of zoning. It should be noted
that these values do not include streets and right-of-way. In other words: a zoning of R-SF (residential
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single family) may indicate an impervious value of 25% but with the streets included in the analysis, the
overall impervious area for a totally R-SF sub basin will likely be around 40%.

In addition, for all pervious flow elements found in the model, the curve numbers used were 15% higher
than those found in the current development model. This is an effort to simulate the effects of
development (i.e. grading, compacting, sodding) on pervious areas. An industry standard when using
the CN method is to increase infiltration one “letter grade” when the land is redeveloped. (B soils go to a
C soil etc.) which equates to about 15 percent. It is a reasonable assumption to assume that there will be
areas that redevelop more than other areas, but the soils in general will become more compacted
during the period of evaluation.

3.2.5. Channel Flow Routing Elements

As part of the process of determining model parameters, the wave celerity output from HEC-1 was used
as an estimate of runoff velocity in the modeled channels. Every channel section was checked during the
modeling process to make sure the velocity estimate fell within a reasonable range (Usually 2-12 fps
based on the slopes in this watershed). If a velocity was found to be too high or low either the channel’s
geometry or roughness coefficient were modified accordingly. The modeler ensured that geometries
and roughness coefficients fell within a range consistent from one sub basin to the next

Current Development Model

The channelized flow elements for each sub basin were determined by examining the information
contained on the City’s GIS system. Aerial photographs and digital contours were used to estimate flow
lengths, slopes, and geometry for each channel.

Manning’s roughness coefficients, as well as channel geometry, were established so that channel flow
velocities would remain reasonable. While these parameters may not accurately reflect the physical
geometry of the watershed, they force the kinematic wave and dynamic equations to more effectively
model channelized flow during the overbank flooding condition.

Future Conditions Model

In an effort to simulate the effects of future stormwater conveyance on the watershed’s time of
concentration, roughness factors for each of the channelized flow elements were reduced. The rational
being that as a parcel of land develops, pipes and channels will be constructed that decrease the time it
takes for water to move off-site.

A systematic procedure was used such that all channel roughness coefficients greater than 0.035 were
reduced by 20%. In effect, this assumes that any “improved” channels will remain improved and any
“rough channels” (n > 0.035) will be improved in the future.
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3.2.6. Kinematic Wave Routing (RK Card)

For the overland flow elements and relatively short routing reaches in the headwaters, the Kinematic
Wave equation was used to model channelized flow. While this method does not provide for
attenuation of the flood wave, it is applicable in areas where flood storage is minor.

Overall, the use of Manning’s roughness coefficients for channel flow was higher than those published
for use with a “normal depth” type equation, simply because the kinematic wave equation produces
higher velocities. However, the mannings n values were adjusted to produce a reasonable response time
throughout each sub watershed.

3.2.7. Muskingum-Cunge Routing (RD Card)

For main channel routing in areas with a significant contributing watershed, the Muskingum-Cunge
method is used with an 8-point cross section. In order to determine which reaches were to be modeled
in this manner, the watershed was examined for areas with significant channel geometry as well as
significant upstream drainage area. The Muskingum-Cunge procedure allows the use of multiple
Manning’s “n” values at different depths to better simulate peak attenuation during flood events. Each
of these reaches were modeled using one of four representative 8-point cross sections; small, medium,
large, and “downtown” (representing the large underground box culvert). Each channel was examined
to determine which category it fit into and the corresponding 8-point cross section was used. The
channel length and slope used was determined from the information available on the GIS. Cross sections

of each of the three standard channel sections are included in Appendix HH-D.

3.2.8. Modified-Puls Routing (SV-SQ Cards)

For sub basins LJ34, LJ6, LJ2, LI25, U8, LJ2, SJ27, SJ44A, SI44B, SJ45, and NB58 the Modified-Puls method
was used to better simulate peak attenuation due to large amounts of flood storage. These areas in the
watershed were chosen because of the backwater effects caused by a nearby culvert or constriction.
Using storage-flow values found in the HEC-RAS model, a relationship was built to route flow through
each of these sub basins. Appendix HH-B contains a table of information used for each routing element.
Some of these routing features provided very little attenuation of the flood hydrograph while others
caused a significant decrease in peak flow.

3.2.9. Reservoir Routing Elements

Areas of detention within a watershed are one of the primary factors affecting the rainfall-runoff
response. These detention areas include local detention basins, regional (in-line) detention basins, and
areas of ponded water behind highway and railroad culverts.

The occurrence of debris in the waterway has very little impact on peak flows. The watershed is
primarily urban with comparatively little woody vegetation adjacent to the waterway. Property owners
are required to maintain detention basins and keep them functioning. Occasionally, clean out of debris
from a culvert or pipe occurs, but the storage behind these structures is insignificant and does not
impact overall peak flows (if the culvert backs up, the water just runs overland).
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Elevation vs. Storage (SA and SE Cards)

The elevation-storage relationship for each reservoir routing element was determined from the City’s
digital two-foot contour maps. The area of each closed contour within a basin was calculated and
entered into the HEC-1 model.

Elevation vs. Outflow (SQ and SE Cards)

The elevation-outflow relationship for each reservoir routing element was typically determined from
field measurements of the controlling outlet structure. However, when as-built construction plans were
available, they were used to develop the outflow-rating curve.

Future Conditions Model

The City of Springfield’s Stormwater Detention Ordinance requires that all new development provide
detention such that peak flows leaving the site do not increase. In an effort to simulate this in the
ultimate development model, a number of “mock” detention basins were added at various locations.
Each of these basins represent probable locations for on-site or regional detention as the watershed
develops. A total of 38 “mock” detention basins were placed downstream of areas that showed
significant amounts of potential development. Each of these basins were designed so that peak flows for
the 1-, 10-, and 100-yr events matched the “current development” model at the same location. Many of
these “fake basins” were placed downstream of small sub basins, but most were representative of
regional detention and covered larger areas.

Nearly all potential development was accounted for using a “fake basin”. However, in areas with small
development potential or areas along the stream where the local ordinances would not require
detention, basins were not included. As expected, the peak flows immediately downstream of each
mock basin matched that produced in the current conditions model. However, the increase in runoff
volume produced by additional impervious area (development) causes an increase in peak flows
throughout each stream.

3.2.10. Sinkholes

Much of the South Branch of Jordan Creek contains sinkholes. Approximately 20% of this watershed
contains sinkholes that do not overflow during a 1% ACE event and therefore do not contribute flow to
the rest of the watershed. However, there are many sinks that do fill up during a rainfall event and
eventually spill into a nearby sink or drainage way. These sinkholes were modeled in HEC-1 as a series
of reservoirs. The depth-volume relationship was calculated using the City’s 2’ digital contour data and
the depth-outflow characteristics were estimated using broad-crested weir equations to simulate
sinkhole overtopping. The model contains all of the sinkholes that contribute flow to Jordan Creek as
well as a few that do not overtop.

3.3. Rainfall Data

The HEC-1 models were set up using a single-event simulation of a synthetic rainfall event. The rainfall
data used for each HEC-1 model is from the “Rainfall Frequency Atlas of the Midwest” by Floyd A. Huff
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and James R. Angel. This report was prepared in conjunction with the Midwestern Climate Center and
the Illinois State Water Survey. The City of Springfield feels that the information contained in this report
provides an accurate representation of the types of storms seen in this area.

3.3.1. Depth

The depth of rainfall for each simulated storm was taken from Table 7 of the Rainfall Atlas of the
Midwest - “Sectional Mean Frequency Distributions for Storm Periods of 5 Minutes to 10 Days and
Recurrence Intervals of 2 Months to 100 Years in Missouri.” The entire table can be found in Appendix
HH-H of this report. Tables 3-5 are a summary of this data.

Table 3: Duration vs. Depth of Rainfall

Storm Duration 1% ACE Rainfall Depth
24-hr 8.18
18-hr 7.69
12-hr 7.12
6-hr 6.14
3-hr 5.24
2-hr 4.74

For rainfall frequencies other than the 1% ACE, a fraction of the total 1% ACE rainfall depth was
determined using Table 4.
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Table 4: Frequency vs. % of Total 100-yr Depth

Frequency % of Total 100-yr
(yr) Depth

1 0.37

2 0.46

5 0.59

10 0.68

25 0.80

50 0.90

100 1

Table 5: Hypothetical Design Storm Precipitation

Hypothetical Design Storm Precipitation [in]

Recurrence Interval
Duration [yrs]
[hrs] 1 2 5 10 25 50 100 500
3 1.94 241 3.09 3.56 4.19 4.72 5.24 6.39
6 2.27 2.82 3.62 4.18 4.91 5.52 6.14 7.49
12 2.61 3.28 4.17 4.84 5.71 6.40 7.12 8.69

In addition, fractions of the 1% ACE rainfall depths found in table 4 were computed and used as the
basis for extrapolating the 0.2% ACE rainfall depth which was found to be 122% of the 1% ACE event.
Tables 6 displays this information.
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Table 6: 500-yr Storm Extrapolation

Recurrence interval

The following information is from the "Rainfall Atlas of the Midwest" and was

used to estimate the 0.2% ACE storm event
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3.3.2. Duration

Simulations of the 2-hr, 3-hr, 6-hr, 12-hr, 18-hr, and 24-hr storms were performed using HEC-1. For each
flow rate used in the HEC-RAS model, the largest peak flow rate simulated from each of these storms
was used. However, due to the inability of a small duration storm to produce rainfall over a large area as
it is simulated in the HEC-1, the 2-hour storm became inapplicable for a drainage area greater than 1.5
square miles. For the same reason, the 3-hour storm became inapplicable for a drainage area greater
than 10 square miles.

3.3.3. Distribution

The distribution of each storm was taken from the “Rainfall Atlas of the Midwest - Table 10. Median
Time Distributions of Heavy Storm Rainfall at a Point.” Figure 1 is an illustration of these distributions.
The City of Springfield recommends the use of these rainfall distributions in its design criteria manual. It
has also been observed that many of the major rainfall events in this area tend to follow these
distributions closely. The 1* Quartile distribution was used for all storms with duration of 1 to 6 hours.
The 2™ Quartile distribution was used for all storms with a 12-hour duration and the 3™ Quartile
distribution was used for all storms with 18 to 24 hour duration.

Huff's Rainfall Distributions
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Figure 1: Huff's Rainfall Distributions
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3.4. Flow Analysis Results

For each location in the watershed corresponding to a point in the hydraulic model, flows were
determined for each frequency-duration combination. These results are summarized in Plate A. In
addition, Appendix HH-F shows how flows from the HEC-1 model compare to the USGS Gage at Scenic
Avenue located just downstream of the project area on Wilsons Creek.

4. Without Project Hydraulic Modeling

4.1. Overview

This HEC-RAS model was created as part of the USACE Jordan Creek Feasibility Study and includes all of
Jordan Creek as well as portions of Fassnight Creek and Wilsons Creek. Included in Appendix HH-G of
this report is photographic documentation of each reach as of October 2005.

4.1.1. Jordan Creek

Jordan Creek is a classic urban stream throughout most of its length. The upstream reaches consist of
grass ditches with small culverts capable of carrying the 100% to 50% ACE events. The mid section of
each reach includes concrete and natural channels, some regional detention, larger culverts capable of
conveying the 20%-10% ACE event, and a number of very long tunnel reaches with varying capacity. The
downstream portion of this stream is mostly natural channel with an assortment of conveyance
improvements, bridge and culvert structures, and grade controls such as culverts and utility crossings.

4.1.2. Fassnight Creek

Fassnight Creek is primarily a natural urban stream with an assortment of culverts, utility crossings (i.e.
grade controls), and channel improvements. Near the downstream end of the reach is a small lake that
serves as an in-line regional detention basin. While Fassnight Creek is included in the hydraulic model,
the reach is not a formal part of this study.

4.1.3. Wilsons Creek

The portion of Wilsons Creek included in this study is a natural urban stream with a gravel bed and very
few man-made obstructions in the overbank areas. This reach includes two bridge structures and no
channel conveyance improvements.

4.2. Spatial Geometry

The HEC-RAS model extends throughout the Jordan Creek and Fassnight Creek watersheds as well as a
portion of the Wilsons Creek watershed. The extents of the detailed hydraulic modeling are included in
Table 7 below.
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Table 7: Stream Hydraulic Study Limits

Stream

Upstream Limit

Downstream Limit

Total Length

Jordan Creek — North
Branch

40-ft downstream of
Packer Rd.

Confluence with Jordan
Creek — South Branch

18,653 ft (3.5 mi)

Jordan Creek — South
Branch

200-ft upstream of
Burton Ave.

Confluence with Jordan
Creek — North Branch

14,475 ft (2.7 mi)

Jordan Creek — Lower
Branch

Confluence with Jordan
Creek North and South
Branches

Confluence with
Fassnight Creek

16,695 ft (3.2 mi)

Fassnight Creek

Fassnight Park 530-ft
downstream of
Campbell Ave.

Confluence with Lower
Jordan

11,358 ft (2.2 mi)

Wilsons Creek

Confluence of Jordan
Creek — Lower Branch
and Fassnight Creek

1970-ft downstream of
Scenic Ave.

3,963 ft (0.75 mi)

The HEC-RAS model is made up of a total of eleven different reaches representing the five streams and
two major tunnels. There are a total of 553 cross sections, 63 bridges and culverts, and 2 lateral

structures. Figure 2 shows the reach connectivity.
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SOUTH BRANCH

Figure 2: Reach Connectivity

4.3. Hydraulic Model Parameters

This model was created using HEC-RAS 3.1.3 as well as ESRI’s ArcGIS. Many of the parameters used to
build this model were processed in GIS before being imported into HEC-RAS through the use of HEC-
GeoRAS.

4.3.1. Cross Section Geometry

The first step in building this model was to create a shapefile in GIS showing the proposed location of
each cross section. This preliminary layout was sent to the USACE for review and discussion. Once the
layout was finalized, the City of Springfield hired Landmark Surveying and Consulting, LLC to perform a
very detailed survey of the study reaches. The City supplied Landmark Surveying with a map showing the
location of all proposed cross sections (see Plate B). For each cross section, the surveyor was instructed
to acquire elevation data at the top of bank, toe of bank, flow line, and any significant change in channel
geometry. In addition, the survey was to include detailed drawing of all bridge and culvert structures.
Once the survey was complete, Landmark Surveying provided the City with the following data: an
electronic file containing the location of each survey point found within the stream channel; detailed
drawings and measurements of all stream crossings, and a detailed drawing of the three major tunnel
sections.
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This digital data was imported directly into GIS as a series of points with elevation attributes. Since
these points were surveyed at a specific location along the channel, they were placed in GIS at, or very
near, the location of the cross section shapefile. Therefore, the next step was to slightly modify each
cross-section so that it intersected each survey point at the proper location. This step was taken to
ensure that once the elevation data was extrapolated from the TIN, the exact survey points would be
used.

TIN Creation

In general, the detailed survey only included areas within the channel banks. GIS was used to create a
3D polyline shapefile (parallel to flow) that connected all points designated as a bank station. This
resulted in a shapefile that encompassed all of the survey data. The next step was to create a TIN of the
survey data using the imported points and the 3D boundary line as the source data. A TIN encompassing
the entire cross section length was also created using the digital 2-foot elevation data available to the
City based on a photogrammetric flight from 1999. The 3D polyline created from the survey was also
included as data for this TIN. The 2-foot TIN was clipped by the 3D polyline and merged with the survey
TIN. Since both TINs were created using the 3D polyline, there was a seamless transition between the
two TINs when the data was merged. The result was a TIN file that included 2-foot contour data in the
overbank areas and survey data in the channel.

Elevation data was extrapolated from the TIN at each cross section using HEC-GeoRAS. In addition, all
downstream flow lengths were also calculated using GeoRAS.

Bank Elevations

When the station-elevation data was first extrapolated from HEC-GeoRAS, the bank stations were set
according to the attributes assigned by the survey data. However, in order to create a more consistent
channel section from one cross section to the next, many of these bank stations were adjusted in RAS.

4.3.2. Culvert Geometry

The stream survey included detailed elevations of the road deck at each stream crossing. A shapefile of
bridge locations was created depicting each overflow cross section. Using this information, road deck
elevations were extrapolated from a TIN in much the same way as the cross section data. Then, using
the detailed drawings supplied by the surveyor, the bridge or culvert details were entered into HEC-RAS
individually.

4.3.3. Tunnel Geometry

There are four major tunnels in the watershed: “Jordan Underground” on Lower Jordan, “Fremont to
National” on South Branch, the “Tindle Mills tunnel” and a tunnel beneath the railroad tracks just
downstream of Tindle Mills on North Branch. Each of these tunnels were surveyed in detail and included
in the model as described below.
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Tindle Mill Tunnel and Downstream Railroad Tunnel

The Tindle Mill tunnel is about 500 feet long; the railroad tunnel just downstream is about 300 feet long.
Both were modeled as cross-sections with lids to better account for overland flow. The Tindle Mills
tunnel is a 9’x9.3’ culvert at the upstream end, opening to as large as 15’x14” as you move downstream,
then contracting to 9'x9.7’ at the downstream end. The tunnel opening portion of the lidded cross-
sections was modeled at 9'x9.3’ for its entire length under the assumption that this is likely the
controlling section. The downstream tunnel under the railroad tracks consists of two 8.4'x8.4’ barrels at
the upstream end which transition to a single 10’x9.5 foot barrel about midway of the tunnel. The
tunnel opening portion of the lidded cross-sections was modeled at 10'x9.5’ assuming that this sections
controls. The overtopping conditions were dictated by the overland portions of the cross sections and
included significant blocked obstructions representing buildings in the flowpath.

Jordan Underground

The Jordan Underground tunnel starts at the confluence of the North and South Branches and travels
through downtown 3354-ft to a point just upstream of Main Ave. The dimensions of this tunnel vary
greatly throughout its length and as a consequence, the tunnel was modeled as a stream section with a
lid. The lid was placed such that the water surface would not exceed the elevation of the lid; therefore
the cross section area and wetted perimeter represent the actual geometry. While the flow through the
tunnel was modeled in one reach called “Jordan Underground” the overland flow was modeled in
another reach called “Lower Branch 2”. This reach represents the flows as the box is overtopped.

Fremont to National Tunnel

This tunnel is located on South Branch of Jordan Creek and starts just downstream of Fremont Ave and
extends 1643-ft downstream to National Ave. This box varies significantly throughout its length and
contains a number of utility crossings that impede flow. As a result, the tunnel was modeled as a
separate reach much like Jordan Underground. In this case, flow through the tunnel was modeled in a
reach called “Fremont Box” and the overland flow was modeled in a separate reach called “South
Branch 2”.

4.3.4. Flow splits and junctions

This model includes six different flow splits and junctions occurring at each stream confluence and at
each end of a tunnel reach. For a flow split, in order to properly quantify the flows through the
structure, an initial estimate was made regarding the capacity of the tunnel at various flood frequencies.
Then, the “optimize flows” option was checked in the model. Flow optimizations at junctions are
performed by computing the water surface profiles for all of the reaches, then comparing the computed
energy grade lines for the cross sections just downstream of the junction. If the energy in all the reaches
below a junction is not within a specified tolerance (0.1 feet), then the flow going to each reach is
redistributed and the profiles are recalculated. This methodology continues until a balance is reached.
For each stream junction, the backwater analysis for each upstream cross section begins from the
downstream section in the junction. Due to the connectivity of the study stream, the only downstream
boundary condition needed for this model was for the Wilsons Creek reach. Flow optimization, as
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described above, was performed for the Current Conditions without Project HEC-RAS model. From this
analysis, a rating curve of box capacity through the Jordan Creek Underground section and the Fremont
Box was established and used to set peak flows for all subsequent models. The resulting rating curves
can be found in Appendix HH-M.

4.3.5. Roughness coefficients

Roughness coefficients for each cross section were determined from aerial photos and digital field
photos. Initially, all roughness coefficients were extracted from GIS using GeoRAS. This resulted in a
number of horizontally varying coefficients across each section. Per advice from the USACE, the number
of coefficients used for each section was greatly reduced. For most cross sections, three roughness
coefficients were found to represent the channel and each overbank for the reach downstream of the
cross section. In some areas where the overbank roughness varied significantly with water surface
elevation or the channel was not clearly defined, multiple roughness coefficients were input that vary
horizontally.

4.3.6. Ineffective Flow Areas

There were three instances where IFAs were used in this model: areas downstream of buildings
(shadows), areas within a channel or overbank where it was determined to not actively convey flow, and
areas around bridges and culverts that did not actively convey flow.

Building Shadows

Using GIS, a shapefile was created representing the ineffective flow area behind each building. This
generally resulted in a triangular shaped polygon. The location of these IFAs was extrapolated out of GIS
using HEC-GeoRAS.

Channel and Overbank IFAs

IFAs were entered at various locations throughout the model where it was determined that a section of
the channel or overbank did not actively convey flow. This was usually due to a geometric constraint
either upstream or downstream of the cross section. An example of this can be seen on North Branch at
RS 4286 where an IFA was used so that a tributary channel was not used to convey flow. IFAs were also
used in some circumstances where a utility crossing was not addressed with an in-line structure.

Bridge and Culvert IFAs

When applicable, IFAs were used around bridge and culvert structures to indicate portions of the cross
section that did not actively convey flow. It was generally assumed that flow contracted at a 1:1 ratio
upstream of a structure and expanded at a 4:1 ratio downstream of a structure.

4.3.7. Blocked Obstructions

When the finished floor elevations along the stream were surveyed, a shapefile was created depicting
the boundary of each structure. This shapefile was used by Geo-RAS to mark the location of each
blocked obstruction. This generally included buildings only, whereas any obstruction caused by fences,
trees, cars, etc was accounted for with roughness coefficients.
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4.3.8. Interpolated cross sections

Interpolated cross sections were created at various locations in the model. Generally, this was done to
better represent a transition between two cross sections. Specific examples of interpolated cross
sections are described under “Special Conditions”.

4.3.9. Calculation Tolerances

The default calculation tolerances in HEC-RAS were modified for the “Current” and “Ultimate
Development” plans. The following changes were made: 1) the maximum number of iterations was
increased from 20 to 30, 2) the maximum number of iterations used for split flow was decreased from
60 to 20, 3) the maximum difference in junction split flow was increased from 0.02’ to 0.05’.

4.3.10. Special Conditions
In order to model the flow conditions effectively, a number of unique methods were used. These are
independently described below.

Confluence at North and South Branch
A “natural ground” lateral weir was used just upstream of the confluence of North and South Branches
to model high flow interchange of flow between the branches near the confluence.

Upstream Section of North Branch

The detention basin upstream of RS 16820 was included in the RAS model. An inline structure was used
to model the uncontrolled outflow and the profile elevations through the pond verified against the HEC-
1 routing results.

Jordan Creek Improvements Phase 1&2

In 2006-2007, a large section of North Branch between National Avenue and Fremont Avenue
(immediately downstream of RS 6990) was modified to reduce flooding and improve the neighborhood.
The old concrete box culvert has been removed and an open channel was constructed. Once the project
was complete, an as-built survey was used to update the HEC-RAS model in this area to reflect the new
improvements.

Lower Jordan at Kansas Exp

Each cross section of Lower Jordan Creek between RS 5689 and RS 3859 includes the main channel and
floodplain to the west of Kansas Expressway and the ditch to the east of Kansas Expressway. A left levee
was used to accurately reflect flow conditions in this reach since Kansas Expressway in this reach does
not overtop.

Lower Jordan South of Bennett

An industrial facility is located in the right overbank of this area and is protected by a concrete floodwall.
This wall is included in the surveyed cross sections. Ineffective flow designations and increased n-values
were used to simulate the flow restriction due to congestion in the industrial facility behind the flood
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wall. A lateral weir was used in the right overbank to model movement of high flows across the railroad
track embankment and Bennett Street west of the railroad embankment. Flow leaving across the lateral
weir re-entered Wilsons Creek just downstream of the railroad embankment.

Changes in Water Surface Elevation

In some locations throughout the model, certain profiles would default to critical depth when an
elevation could not be found within the specified tolerance. At these locations, the water surface
elevation was manually set to a reasonable elevation, often defined by the bounding profiles. This
approach allowed the model to produce a set of smooth and reasonable profiles. When comparing two
sets of profiles for FDA (for example Current vs. Future Flow conditions) each cross section was checked
to make sure that a lower peak flow did not result in a higher water surface elevation. When these
instances occurred, the profile with the lower peak flow was manually adjusted to produce a lower
water surface. These instances were very few and minor in nature, usually on the order of a 0.01’, and
did not significantly affect the results.

4.3.11. Water Surface Profiles
Water surface profiles for each simulation are included in Plates C & D.

4.4, Steady Flow Data

The HEC-1 and HEC-RAS models were examined in order to determine the best places to perform a flow
change in the RAS model. These points are shown in a shapefile called “HEC-1 Points of Interest” and
each flow rate is listed in an Excel spreadsheet table included in Plate Series A — Flow Data Tables. The
Ultimate Conditions Model and the Current Conditions Model share the same stream geometry and
differ only in the flows simulated.

4.4.1. Current Flow Conditions
This represents flows from the HEC-1 model titled “JRDFSNT.HC1”. These flowrates represent the
watershed under 2003 (approximately) development conditions.

4.4.2. Future Flow Conditions
This represents flows from the HEC-1 model titled “JRDFSNTU.HC1”. These flowrates represent the
watershed under estimated ultimate development (2053) conditions.

4.5. Risk and Uncertainty Analysis

EM 1110-2-1619, Risk Based Analysis for Flood Damage Reduction Studies, August 1, 1996 requires that
an uncertainty analysis be performed for Flood Damage Reduction Studies. For this study, the current
conditions model was modified by raising the roughness coefficients by a set percentage. All channel
roughness was increased by 40% (i.e. a coefficient of 0.05 was increased to 0.07), all overbank
coefficients were increased by 33% (i.e. a coefficient of 0.12 was increased to 0.16) and all tunnel
sections were increased by 10%. These increases were based on a reasonable range of “n” factors for
each section type and appear to give reasonable results. After looking at the options, the City settled on
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this approach because they didn’t want the results to be influenced by judgment at a particular portion
of the stream. The resulting water surface profiles are smooth and appear to be reasonable.

The current conditions model was also modified by reducing all roughness coefficients by 40%. Based on
earlier comments by the Corps, the City did not expect a set of reasonable profiles. However, in most
places, they were better than expected. There were still quite a few crossing profiles and errors. As a
result, all positive changes in WSE (where lower n factors provided a higher WSE) were excluded from
the sample.

Appendix HH-J indicates the “SD of Error” for each stream reach. At every cross section at each reach,
the WSE from the current model was compared to the WSE for the two modifications mentioned above.
The standard deviation of “error” was found for 1) each profile in each reach, 2) all profiles in each
reach. The SD was calculated using the following formula:

It was assumed that the data studied made up the entire sample.

Also included in this analysis is the “Stage where error becomes constant” for each reach. Appendix HH-J
contains graphs showing how the standard deviation of error for each reach corresponds to each profile.
Based on this analysis and discussions between the City and USACE, it was determined that the 10% ACE
(10-yr) profile is the stage where error becomes constant.

4.6. Summary of Conclusions

The results of this hydraulic analysis were compared against historic stream gage data in an effort to
check for reasonableness. Results of this comparison are found in Appendix HH-F. Overall, the water
surface profiles calculated by HEC-RAS compare reasonably well with historic flood levels.

The HEC-1 created as a part of this study included simulations of both the Current and Future
development conditions. As expected, anticipated development produces an increase in peak flow
throughout the watershed. This increase ranged from 3.0% to 32.7% in the North and South Branches of
Jordan Creek. Overall, the greatest potential impact of development occurs on South Branch.
Downstream of the North and South Branch confluence, peak flow increases are on the order of 10%.
See Plate A for a comparison of peak flows throughout the modeled area.

The HEC-RAS model was used to simulate the change in water surface elevations as a result of
anticipated development. Table 8 summarizes the change in the 1% ACE water surface due to potential
development in the watershed. See Plates C & D for the hydraulic profiles.
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Table 8: Change is Water Surface Elevation (WSE) due to Developement

Average Change in WSE 0.25
Median Change in WSE 0.21
Standard Deviation in WSE 0.21
Max Change in WSE 1.26

Since settlement first occurred along the Jordan Valley, this stream has been the source of severe flood

losses. This analysis clearly shows that the flooding along Jordan Creek will continue to become worse if
left unchecked. In addition, with the flood hazards reduced and the aesthetic attributes improved, this

stream has the potential to become a great asset to the community.

5. With Project Hydrologic Modeling

5.1. Regional Detention Analysis
In order to determine the effectiveness of regional detention basins throughout the watershed, the
HEC-1 model was modified to include a number of proposed detention basins.

5.1.1. Preliminary Analysis
Initially, 24 different sites were selected throughout the watershed as possible locations for regional
detention. Figure 3 shows the location of these sites.
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Figure 3: Preliminary Regional Detention Basins

The Current Conditions HEC-1 model was modified appropriately and each detention basin was designed
to maximize effectiveness while remaining within reasonable vertical and horizontal limitations. Once
this initial analysis was complete, each basin was examined to determine the potential flow reduction.
Basins were analyzed both individually and in series with other basins. Appendix HH-K gives a summary
of each preliminary basin and outlines the peak flow reduction immediately downstream as well as the
specific design constraints. Many of these basins could not be made large enough to have a significant
impact on peak flows. This was especially true as the contributing watershed increased. From this
analysis, it was determined that nine basins had the potential to significantly reduce peak flows under
both current and ultimate development conditions.

5.1.2. Refined Analysis

Based on the preliminary analysis, it was determined that nine regional detention basins have the
potential to significantly reduce flows along Jordan Creek. Figure 4 shows the location of each of these
basins. In addition, some of these basins (B11 & B11A) were modified to preserve riparian vegetation
and in one case (B6B) a similar basin was analyzed in a new location.
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Figure 4: Regional Detention Basins (Refined Analysis)

5.1.3. Current Conditions

For the Current Conditions with Regional Detention Analysis, peak flows from the HEC-1 model
JRDFSNTX.HC1 were entered into the HEC-RAS model. The geometry remained unchanged from the
existing conditions geometry.

Special Conditions
South Branch — Glenwood Basin to Patterson Ave.

The proposed regional detention basin B7 includes two 42” RCPs that extend from the basin outlet,
along Rockhurst Street, to Patterson Ave. According to the detention basin rating curve found in the
HEC-1 model, these pipes carry 130-161cfs during a storm event. Since these flows will be contained in a
pipe, the corresponding flows were subtracted from the peak flows found in the HEC-RAS model which
only simulates the remaining channel. To facilitate this removal, a flow change location was added at RS
12079 (proposed pipe discharge location) and estimated pipe flows were removed from the modeled
flows at RS 14475 & 12585. This change will adequately simulate the overflows from the proposed
detention basin.

North Branch — Blaine Street
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The proposed detention basins B14 and B12 would likely require construction of a 42-48” RCP along
Blaine Street to carry discharge from the basins. These pipes would have a larger capacity than the
existing channel. The HEC-RAS model assumes that the existing channel will be carrying the resulting
flows from these basins and the water surface elevations reflect this. In reality, if pipes were
constructed, the 1% ACE flow could be contained in the pipe and damages along Blaine Street (Damage
Reach N11 and N12) would be greatly reduced. These damage reaches are outside of the federal limits
pertaining to this study.

Jordan Underground

In order to properly simulate the existing capacity of the large system, the HEC-RAS model was ran using
the flow optimization on the upstream junction of “Jordan Underground”. The calculated capacity of
the box for each storm event was then entered as the peak flows to “Jordan Underground”. These peak
flows were subtracted from the flows found for Lower Branch 2 and the result was an estimate of
overland flows through this reach.

In-line Structures

In some locations there are in-line structures included in the HEC-RAS geometry to simulate flow over an
existing detention basin control structure. If regional detention is constructed in these locations (i.e. the
existing basin is expanded) the resulting in-line structure will likely be somewhat different. However,
comparing the WSE at these locations with the WSE in the proposed regional detention model shows
the two to be comparable. Therefore, the in-line structures were not modified and the “current
conditions” geometry remains unchanged from that used in the current conditions model.

5.1.4. Future (Ultimate Development) Conditions

For the Future Conditions with Regional Detention Analysis, peak flows from the HEC-1 model
JRDFSNTZ.HC1 were entered into the HEC-RAS model. The geometry remained unchanged from the
existing conditions geometry.

Special Conditions
South Branch — Glenwood Basin to Patterson Avenue

In the Current Conditions model, peak flows were decreased in this area to simulate the two pipes
needed for basin B7. The Future Conditions did not account for the potential underground piping
system. It is anticipated that this will cause an increase in damages through this area, above what would
be expected. However, this damage reach (510) is outside of the federal limits pertaining to this study.

North Branch — Blaine Street

The proposed detention basins B14 and B12 would likely require construction of a 42-48” RCP along
Blaine Street to carry discharge from the basins. These pipes would have a larger capacity than the
existing channel. The HEC-RAS model assumes that the existing channel will be carrying the resulting
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flows from these basins and the water surface elevations reflect this. In reality, if pipes were
constructed, the 1% ACE flow could be contained in the pipe and damages along Blaine Street (Damage
Reach N11 and N12) would be greatly reduced. These damage reaches are outside of the federal limits
pertaining to this study.

Jordan Underground

In order to properly simulate the existing capacity of the large system, the HEC-RAS model was ran using
the flow optimization on the upstream junction of “Jordan Underground”. The calculated capacity of
the box for each storm event was then entered as the peak flows to “Jordan Underground”. These peak
flows were subtracted from the flows found for Lower Branch 2 and the result was an estimate of
overland flows through this reach.

In-line Structures

In some locations there are in-line structures included in the HEC-RAS geometry to simulate flow over an
existing detention basin control structure. If regional detention is constructed in these locations (i.e. the
existing basin is expanded) the resulting in-line structure will likely be somewhat different. However,
comparing the WSE at these locations with the WSE in the proposed regional detention model shows
the two to be comparable. Therefore, the in-line structures were not modified and the “current
conditions” geometry remains unchanged from that used in the current conditions model.

A simplified analysis of each basin was performed to determine each basin’s impact on peak flows
throughout the watershed. This analysis included an examination of the 2 hr 1% ACE peak flow
immediately downstream of each basin (at the next downstream hydrograph combination) as well as an
assessment of the impact throughout the project reach. Flow points were assessed at Glenstone Ave
and Central Street on the North Branch, Chestnut Expressway and Fremont Ave on the South Branch,
the confluence of North Branch and South Branch (upstream end of the downtown reach), and Catalpa
Street on the Lower Branch. Results of this study are found in Appendix HH-L and summarized in the
“Conclusions” of this section. Plate F shows each proposed regional basin in detail.

Basin B15

This regional detention basin is located along North Branch of Jordan Creek just north of the RR tracks
near Packer Road. This area currently ponds water during a storm event and discharges through a 30-
inch pipe. The proposed basin would require the excavation of additional material and a new 12-inch

RCP outflow pipe. Design assumptions include:

e Current 1% ACE water surface elevation will not increase such that it does not encroach
additionally on RR right-of-way.
e The remaining adjacent lot will be developable.
e The storage area currently fills to Elev 1380+ and spills over to the west.
e Inorderto add a 12” RCP at a lower elevation, a new pipe would likely need to be bored under
the RR Tracks.
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Basin B14

There is an existing regional detention basin located on this parcel of City-owned property. The flow line
of the basin would be lowered to a point that matches the existing downstream channel. The discharge
will be a 42” RCP at this elevation. In addition, this basin will be expanded to the north. This basin
lowers peak flows to a point that the 1% ACE flow can be contained in a pipe or series of pipes along
Blaine Street. The City anticipates that, with the development of this basin, pipes would be installed
along Blaine Street to Barnes Avenue. This system would carry flows from the basin as well as additional
flows from this area. Blaine street would eventually be widened to a curb and gutter street. Design
assumptions include:

e Additional land acquisitions would be necessary since proposed basin encroaches on adjacent
property.

o All slopes are a maintainable 4:1 or greater.

e Stormwater flows from the Packer Road-Blaine Street intersection will be diverted into this
basin. These flows are currently carried in a ditch along the south side of Blaine
Street.

Basin B12

There is an existing wet pond located in the North West corner of Blaine Street and Yates Avenue. The
proposed basin would require additional excavation of this area to a depth of approximately 5 feet. This
basin would act as an in-line storage area for the system along Blaine Street. Stormwater would be
diverted into the basin from either the existing channel or the anticipated pipe system. The control
structure for this system would consist of the downstream piping or channel system. The neighborhood
to the north of this area has some serious flooding issues. By building basin B12, the City would have the
vertical depth required to construct a stormwater improvement into this neighborhood. Design
assumptions include:

e 1% ACE water surface elevation will remain below the top of the street.
e The system along Blaine Street would surcharge into this basin and be metered out based on
the capacity of the downstream system.

e This area could be further excavated to provide a permanent pool water feature for the
neighborhood.

Basin B11A
This proposed basin is located south of Blaine Street at Link Avenue and is currently a vacant wooded
area. This area would be excavated and a control structure added. Design assumptions include:

o Side slope of basin would be 15:1. This would accommodate the planting of new trees to replace
some of those removed during construction.

e The precise dimensions of an outlet structure were not determined but rather the basin was
designed around a rating curve that optimized storage. It appears that this rating curve could be
reasonably achieved through the use of a pipe and weir system.
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e Basin B11Ais located just upstream of Basin B11 but is elevated enough that tail water
conditions created by B11 do not submerge the control structure.

Basin B11C

A modification of B11A, this basin attempts to minimize the impact to vegetation by only including
excavation on the south side of the stream. This area would be excavated to the depth of the existing
channel and a control structure would be added downstream. This would leave the north portion of the
lot available for development and should make land acquisition more palatable to the owner. Design
assumptions include:

o Side slope of basin would be 6:1. Area could be planted with wetland vegetation to provide
additional water quality benefits.
e The outlet structure was assumed to be an 18-ft sharp crested weir at elevation 1333.

e Basin B11C is elevated high enough that the backwater from B11 does not submerge the control
structure.

Basin B11

An existing regional detention basin is currently located upstream of Glenstone Avenue. The proposed
basin would expand the existing basin to the east. Additional land acquisition and/or stormwater
easements wound need to be pursued from adjacent property owners. The outlet for this basin would
likely consist of a 15-foot weir located near the current control structure. Design assumptions include:

o Peak flows would not exceed the capacity of the box under Glenstone Avenue.

e Since the initial sizing of this basin, many of the surrounding businesses have added fill and
expanded into the proposed basin area. This has somewhat reduced the available area, and
effectiveness, of basin B11. However, final design may include expansion into these areas. For
example: the new detention basin to the north could be removed and graded as part of the
regional facility. This business could then discharge runoff directly into the regional basin. By
using this area, the basin will likely not impact any of the space currently used by surrounding
businesses.

Basin B11B

Since basin B11 includes extensive removal of riparian vegetation, B11B attempts to minimize this
impact by leaving the stream area intact. Excavation will take place in adjacent detention basins,
lowering their flow line to match the stream channel. Design assumptions include:

e The outlet structure would be very similar to what was designed for B11.
e Each adjacent detention basin was excavated to the channel flow line with 4:1 side slopes.

Basin B9B
This proposed basin is located north of Pythian Street and just west of Cedarbrook Avenue and is part of
two proposed basins. The existing valley would be excavated to a depth of 8-feet and a berm
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constructed on the downstream end. The control structure would consist of two 36-inch RCPs and an
overflow weir that would discharge into basin B9C. This basin encroaches on parts of 4 different
privately owned properties and land acquisitions or stormwater easements would be necessary. Design
assumptions include:

e The calculations for the outlet structure do not include tail water conditions from basin B9C.
However, this basin is elevated enough that the effect should be minimal.

e If we are able to increase flows from Basin B9C with an additional pipe, the size of this basin
could be reduced.

Basin B9C

Located just downstream of Basin B9B, this basin includes expansion of the existing regional detention
facility at Cooper Park. The outflow for this basin would consist of the existing 4-inch CMP that runs
down Pythian Street and Patterson Avenue. The neighborhood to the south of this basin experiences
significant flooding and the basin has overtopped a number of times in recent years. Design assumptions
include:

e The existing 48-inch CMP system along Pythian Street has been damaged in several locations.
These areas would need to be repaired to accommodate the design flows.

e The design includes blocking the existing weir and box structure that discharges at Lone Pine
Avenue. If needed, this system could be used to carry some flow during a large storm event.
However, these ditches are often the source of flooding in the neighborhood and existing
capacity should not be exceeded.

Basin B7

Located in Glenwood Park, this existing regional basin would be expanded to control peak flows and
reduce flooding along Rockhurst Street. The existing basin would be excavated an additional 5-feet and
the park area would be excavated an additional 2-feet. The lower portion of the basin would overtop
into the park area at about the 5 to 10-yr event. The outlet structure would consist of two 42-inch RCPs
that would travel along Rockhurst Street and discharge downstream of Patterson Avenue. The structure
would also include a 5-foot high flow weir that would discharge into the existing ditch system along
Rockhurst. Design assumptions include:

e The estimated capacity of the existing system along Rockhurst is 250 cfs. The basin was designed
so that the 1% ACE overflow would not exceed this capacity.

e There is a sanitary sewer line along Rockhurst that may cause a conflict. It was assumed that this
could be worked around during final design.

Basin B6

This proposed basin is located just upstream of Chestnut Expressway along the South Branch of Jordan
Creek. The stream valley would be excavated to a depth of approximately 9 feet and expanded to the
northeast. There are at least three property owners who would be impacted by this project and the City
would need to acquire the land or obtain an easement from each. In conjunction with other basins in
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this watershed, this basin will reduce peak flows and keep the 1% ACE water surface elevation from
overtopping Chestnut Expressway. Design assumptions include:

e A detailed outlet structure was not designed for this basin. Instead, the rating curve was
adjusted to optimize the storage capacity. An outlet that produces this assumed rating curve
would likely consist of a weir-pipe configuration just upstream of the existing box culvert.

Basin B6B

This basin is located in the soccer field just downstream of Patterson Avenue on South Branch and was
designed as an alternative to B6. This basin could potentially include a dam across the stream and
excavation of the area north of the channel with minimal impact to vegetation on the south side of the
channel. Design assumptions include:

e 10:1 side slopes.

e The outlet structure was assumed to be a 15-ft sharp crested weir at elevation 1318. This
produced a 1% ACE water surface elevation lower than the edge of Patterson Ave.

e |t was assumed that the backwater from this basin would not affect the culvert under
Patterson Ave. This would need further analysis and is dependent on construction of basins B9
and B7.

Alternative Locations

B9A — Proposed Basin B9A, located in the soccer fields east of Cedarbrook Avenue and north of Bergman
Street, could be a reasonable alternative to Basin B9C. Although not included in the analysis, this basin
would include excavating the soccer fields to a depth of 5-feet and allowing them to flood during heavy
rain. The proposed grading would require that the new fields be orientated east-west and would
probably result in the loss of at least one field. However, the new grading would result in an elevated
viewing area along each side of the field which could be viewed as an amenity.

B12A — Proposed basin B12A includes excavation of the residential lots north of Blaine Street, just
upstream of basin B12. Initial analysis indicates that this would produce results very similar to basin B12.

5.1.5. Conclusions
Based on the simplified analysis of each basin individually and in series, the following conclusions were

made:

North Branch

Basin B15 does an excellent job of reducing peak flows immediately downstream. However, the total 1%
ACE flow reduction is on the order of 50 cfs which has little to no impact once you move downstream
any distance. In addition, this basin would require significant excavation and land acquisition from the
railroad. Basin B15 is not considered a viable alternative for regional detention.

Basins B14 and B12 reduce peak flows immediately downstream, greatly reducing flooding along Blain
Street. However, these reductions are very small within the limits of federal interest (2.6% reduction
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downstream of Glenstone). These basins are a very attractive alternative for the City to reduce local
flooding, but do not appear to provide a significant benefit for this project.

Basins B11, B11A, B11B, and B11C are all variations of a regional detention facility located just upstream
of Glenstone Ave on North Branch. Of these, Basins B11 and B11C appear to be the most attractive
alternatives. B11 includes enlarging the existing basin to the east and B11C will require excavation along
the south side of the stream. Together these basins reduce flows along North Branch by 13 to 30% and
reduce flows through the downtown area by almost 6%. It should be noted that these two basins are
responsible for nearly all of the peak flow reduction downstream of the North/South Branch
confluence.

South Branch

Basins B9B and B9C, located upstream of Pythian Street, reduce peak flows to the capacity of the
existing local system. Of these two basins, B9B is responsible for nearly all of the peak flow reduction. By
constructing basin B9B, we can reduce flows throughout South Branch by 2 to 9%. This basin
contributes very little to flow reduction downstream of the confluence.

Basin B7 involves expanding the existing Glenwood Park regional basin. By itself, this basin reduces peak
flows along South Branch by 4 to 24%, but contributes very little to flow reduction downstream of the
confluence.

Basins B6 and B6B are somewhat similar regional basins located upstream of Chestnut Expressway. Both
basins reduce peak flows when used in series with B6B and B7, but have very little flow reduction when
used independently. B6B would require a dam structure across the stream and excavation of the soccer
fields on the north side of the stream. This will likely result in tail water effects along the Rockhurst
Street stormwater system. Basin B6 would require less excavation since Chestnut Expressway would be
used as the downstream control structure and would result in peak flow reductions of 6 to 12% along
South Branch. This basin contributes very little to flow reduction downstream of the confluence.

Recommendation
Based on this analysis, the City of Springfield recommends further study of the following basins:

e B11 - Expansion of the existing basin upstream of Glenstone Ave. The west end of the existing
basin would remain undisturbed and the basin would be expanded to the east.

e B11C- Construction of a new basin south of Blaine at Link. A control structure would be built
across the channel and excavation would take place south of the stream channel. The
vegetation north of the channel would remain undisturbed and the area would be available for
future development.

e B9B - New basin in Cooper Park. A control structure would be built and the new basin would
discharge directly into the existing regional basin along Pythian Street.

e B7 - Expansion of the existing basin at Glenwood Park. A new system would be constructed
along Rockhurst Street allowing the flow line of the basin to be lowered.

e B6 — Expansion of the existing storage area behind Chestnut Expressway.

35



Jordan Creek FRM Study, Springfield, MO
Appendix C- Attachment A H and H Report

It appears that these basins represent the greatest potential reduction in peak flow within the limits of
federal interest. Each group of basins, North Branch & South Branch, is responsible for reducing flows in
different areas. The City proposes that the entire group of basins be analyzed to determine their cost
effectiveness. Based on this analysis, it should be apparent whether or not each group is independently
viable.

5.1.6. Final Basin Analysis

Since proposed regional detention basins within a specific (North or South) reach perform in series with
other basins in the same reach, the recommended basins were modeled as either North Branch basins
only, South Branch basins only, or All basins. The results are described below.

North Branch Basins

The North Branch series of basins included B11 and B11C. The resulting model, titled “JRDFSB111.HC1”,
was simulated for all frequency/duration combinations under Current Conditions watershed
development. Each basin was sized according to reasonable geometric restraints and the outlet
structure was optimized to reduce flows during flood conditions and maintain approximately 1-ft of
freeboard during the 1% ACE event.

South Branch Basins

The South Branch series of basins included B9B, B6 and B7. The resulting model, titled
“JRDFSSOUTH.HC1”, was simulated for all frequency/duration combinations under Current Conditions
watershed development. Each basin was sized according to reasonable geometric restraints and the
outlet structure was optimized to reduce flows during flood conditions and maintain approximately 1-ft
of freeboard during the 1% ACE event.

All Recommended Basins

The All Basins analysis included B11 and B11C as well as B9B, B6 and B7. The resulting model, titled
“JRDFSALL.HC1”, was simulated for all frequency/duration combinations under Current Conditions
watershed development. Each basin was sized according to reasonable geometric restraints and the
outlet structure was optimized to reduce flows during flood conditions and maintain approximately 1-ft
of freeboard during the 1% ACE event.

Results

From the FDA analysis, it was determined that the “All Recommended Basins” scenario provided the
greatest benefits in damage reduction. Based on this analysis, the resulting flow rates were used for
design in each of the hydraulic alternatives.
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6. With Project Hydraulic Modeling

6.1. Detention Analysis

For each of the detention scenarios modeled (See With Project Hydrologic Modeling) the HEC-RAS
model was modified with the revised flows from the HEC-1 analysis. At both the confluence of the North
and South Branches and at Fremont Avenue, the flow splits into two separate reaches, one representing
the large underground box and another representing overland flow. All model geometry remained the
same for these reaches but the rating curve indicating the capacity of each culvert section had to be
modified since the incoming flows had changed. Appendix HH-M contains the rating curve used for each
structure. These curves were originally derived through an iterative process using the Without Project
HEC-RAS model.

6.2. Channel Improvements

For the With-Project HEC-RAS models, multiple scenarios were modeled covering different frequency
events at different locations. Several design assumptions were held consistent throughout each
scenario:

e Proposed improvements were sized using flows from the Ultimate Development w/ All
Recommended Basins HEC-1 model. Once the structure geometry was determined, the Current
Conditions w/ All Recommended Basins model flows were added so that the HEC-RAS model
reflects both Current and Ultimate Conditions Water Surface Elevations.

e Assumed very little residual buyouts or floodproofing. (i.e. Protect all structures within reason,
unless they must be removed to construct the improvement).

e Construct linear trail system along channel

e Address in-stream habitat quality and quantity (channel modifications to include mild, natural
side slopes, w/ natural bottoms and specific low-flow channels where appropriate)

e At the confluence of the North and South Branches, it is anticipated that a new structure would
need to be built that would direct a portion of the flow into the proposed channel
improvements and a portion of the flow into the existing box culvert. Because the existing
model simulated the downtown area as two separate reaches, including the existing box culvert,
it was necessary to insert a new rating curve at this location to model flows into the new
structure. This rating curve can be found in Appendix HH-N.

6.2.1. Plan A - 1% ACE

Plan A includes channel and bridge modifications throughout the study area at all locations where
significant economic damages were found. In areas where no significant damages were present,
improvements were not considered. Details regarding plan A can be found in Appendix HH-O.

Design Methodology:
Modify the Current Conditions Geometry with channel and bridge modifications such that the 1% ACE
profile is lower than each of the adjacent finished floor elevations. While this does not eliminate all
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damages to streets and parking lots, it should eliminate nearly all structure and content damage for
each building. The proposed improvements may or may not contain the 1% ACE and some overland
flooding will result in areas where the finished floor elevations are elevated above the ground surface.

Special Conditions:

Pharmaceutical Plant Downstream of Bennett:

The pharmaceutical plant downstream of Bennett Street is protected by a flood wall with an
approximate height of 1222.5. Based on a field inspection of this flood wall, it was determined that the
wall would stay in place. The proposed improvements for Plan A were designed to keep the 1% ACE
profile below the top of this wall. During scoping for this plan, the team considered the option of
constructing a taller flood wall around the plant and installing a flood gate at the entrance. Initial cost
estimates for this proposal indicated that it was not economically feasible. In addition, the team
examined the possibility of constructing a box culvert upstream of Bennett Street and diverting flows to
the west side of the plant. Several factors (including cost, environmental concerns, and topography) led
to the determination that this option was not economically feasible.

Confluence of North and South Branch:

The confluence of the North and South Branches of Jordan Creek is located in the downtown area near
Washington Street. The Without Project HEC-RAS model separates this portion of the stream into two
different reaches (see W/O Project Hydraulic Model) where one reach represents the large box culvert
that runs underground, while the other reach represents the overland flow through downtown. For the
With Project scenario, the overland reach was modified with all channel improvements and the
underground reach remained to carry the box culvert flows. It is anticipated that the upstream section
of the existing box culvert would need to be reconstructed to gather flows from the confluence and
divert the resulting flows into the existing box and the new channel improvements. Modeling of this was
accomplished with a rating curve derived from HY-8 (see Appendix HH-N).

South Branch at Fremont

There is an existing box culvert that extends from Fremont Avenue to National Avenue along the South
Branch of Jordan. All channel improvement scenarios assume that this box will be removed where
reasonable and abandoned in place in a few locations. As a result, the box culvert portion of the model
received 1cfs of flow for all scenarios. All other flows were assumed to be carried by the new
improvements.

Results

The Plan A alternative includes improvements that greatly reduce damages up to the 1% ACE for every
section of the study area. A spreadsheet outlining these improvements can be found in Appendix HH-O
and Plate(s) G show the general limits of these improvements.

38



Jordan Creek FRM Study, Springfield, MO
Appendix C- Attachment A H and H Report

6.2.2. Plan B - 1% ACE (Cost Effective Plan)

Plan B is a copy of Plan A with the several areas removed because it was determined through a
preliminary analysis that these areas were not economically justified. Details regarding plan B can be
found in Appendix HH-P.

Design Methodology

Once Plan A was complete, the economic benefits were established for each reach. These benefits were
compared to a preliminary cost estimate and those reaches that were obviously not feasible were not
included in Plan B.

Grand Street Improvements

The FDA analyses from Plan A indicated that damage reduction due to the proposed Grand Street
Improvements were approximately $4500 annually. An initial estimate done by the local sponsor
showed construction costs for replacing the Grand Street bridge and the corresponding channel
improvements to be around $1.4 million resulting in an annual cost of approximately $32,000. Even if
initial estimates are grossly inaccurate, it was apparent that this portion of the project was not
economically feasible simply because there are very few structures in this area.

Smith Park Improvements

The FDA analysis from Plan A indicated annual damages of approximately $1800 to several small
structures in Smith Park. The preliminary cost estimate to replace two pedestrian bridges and widen the
channel was approximately $400,000 with an annual cost of $8500. Considering that these structures
were not generally inhabited and were only used for park functions, it was apparent that improvements
to Smith Park were not feasible.

Rail Road Crossing at Chestnut Street

The FDA analysis indicated that annual damages were very low at an estimated $2000. The preliminary

cost estimated for this improvement was $2.5 million. Under Without Project Conditions, these railroad
crossings cause backwater, resulting in significant flooding. However, they are located high in the reach
and the proposed detention basins reduce peak flows to the point where additional improvements are

not feasible.

Phelps Street (Washington to Jefferson)

Based on the preliminary cost estimate for this segment of improvements, it was determined that there
were significant cost savings by constructing an open channel rather than a box culvert from
Washington Avenue to Jefferson Avenue just downstream of the confluence. This change was
implemented in Plan B.

Results
By using preliminary cost estimates to remove areas that were clearly not feasible, Plan B significantly
reduces damages at the 1% ACE in all areas where a proposed project is reasonable. A spreadsheet
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summary of these improvements can be found in Appendix HH-P and Plate(s) H show the general limits
of these improvements.

6.2.3. Plan C - 2% ACE (50 year)
Plan C represents the channel improvements necessary to provide a 2% ACE level of protection
throughout the project area. Details regarding plan C can be found in Appendix HH-Q.

Design Methodology

Plan C began as a copy of Plan B, with the same geographic extents. However, the channel modifications
from Plan B were further modified until the 2% ACE water surface profile is lower than each of the
adjacent finished floor elevations. While this does not eliminate all damages to streets and parking lots
in the 2% ACE event, it should eliminate nearly all structure and content damage for each building. The
proposed improvements may or may not contain the 2% ACE and some overland flooding will result in
areas where the finished floor elevations are elevated above the ground surface.

Results

The 2% ACE plan does not quite provide the same level of protection as the 1% ACE and the bridge and
channel structures are generally smaller. To decrease the capacity of the channel, in many cases we
were able to shorten or remove retaining walls needed in the 1% ACE plan.

6.2.4. Plan D - 0.2% ACE (500 year)
Plan D represents the channel improvements necessary to provide a 0.2% ACE level of protection
throughout the project area. Details regarding plan D can be found in Appendix HH-R.

Design Methodology

Plan D also began as a copy of Plan B, with the same geographic extents. The channel modifications from
Plan B were further modified to meet the following guidance: 1)The 0.2% ACE water surface profile is
lower than each of the adjacent finished floor elevations. 2) The proposed channel must contain the 1%
ACE profile, and 3) Consistent with the City’s design standards, each bridge and culvert must convey the
1% ACE profile. While this does not eliminate all damages to streets and parking lots in the 0.2% ACE
event, it should eliminate nearly all structure and content damage for each building. The proposed
improvements may or may not contain the 0.2% ACE and some overland flooding will result in areas
where the finished floor elevations are elevated above the ground surface. However, this plan should
nearly eliminate overland and parking lot flooding during the 1% ACE event.

Results

In general, the 0.2% ACE resulted in channel and structure sizes that were larger than the 1% ACE. This
plan reduces damages above the 1% ACE plan and has the added benefit of generally containing the 1%
ACE profile and should keep any future FEMA SFHA within the channel boundary.
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6.2.5. Plan E - 4% ACE (25 year)
Plan E represents the channel improvements necessary to provide at 4% ACE level of protection
throughout the project area. Details regarding plan E can be found in Appendix HH-S.

Design Methodology

Plan E began as a copy of Plan B, with nearly the same geographic extents (see the exception below).
However, the channel modifications from Plan B were further modified until the 4% ACE water surface
profile is lower than each of the adjacent finished floor elevations. While this does not eliminate all
damages to streets and parking lots in the 4% ACE event, it should eliminate nearly all structure and
content damage for each building. The proposed improvements may or may not contain the 4% ACE and
some overland flooding will result in areas where the finished floor elevations are elevated above the
ground surface.

Fremont Avenue (South Branch)

In each of the previous plans, the Fremont Avenue bridge on South Branch was replaced. In this plan,
the existing structure is left in place and the downstream channel improvements provide the necessary
level of protection.

6.2.6. Plan F - 1% ACE Reach 3 & 6 with 0.2% ACE Reach 1
Plan F includes a 1% ACE channel through reaches 3 & 6 with a 0.2% ACE channel through reach 1.
Includes sections of projects from the previously developed models.

Design Methodology

After examining the economic results from plans A through E, sections of these plans were selected
based on their benefit-cost ratio, net benefits, and other factors considered important by the Team but
not necessarily reflected in the economic results. Plan F began as a copy of Plan B and sections of the
geometry were imported from other HEC-RAS files as outlined below.

Reach E1 - Downstream of Bennett Street

Since the economic results indicate that a 0.2% ACE level of protection will provide the greatest net
benefits in this area, the geometry from Plan D was selected. This reach is hydraulically independent of
the other project areas, so the selection of a level of protection throughout this reach did not impact the
water surface profiles for any other reach.

Reach E2 - Mt Vernon Street to Fort Avenue

The economic results from the previous plans indicate that channel and bridge improvements in this
reach are not economically feasible. As a result, all improvements were removed from the model (the
Without Project Geometry was imported into this reach). This reach