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Outline 
• Legal Protection of Karst Resources 

• History 

• Purpose 

• Indiana Karst Region 

• Procedure 

• Karst and IPaC 

• Other Resources 

• SR 64 Small Structure Replacement, 
Harrison County 



ationa l Environmental IP1olicy 
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Federal liy 

Enda ng,e red 
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Office of Warter Quality 
• Impacts to dr inking 

w a ·er resou rces 

• Clean Water Act 
• S.afe Drinking Wa er Act 

Office of Land Qua I ity 
• Contamin.at ion d ean-up 

Local Government/ 
Monroe Count y 
•· Impacts to drinking water 
resources 
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Sect ion 4f 
Recreationa l Area 

DNR -

Division of Water 
• Water Well Dr i 11 i 111g 
• Ground Water 

• Flood Cont rol Act 

Division of Fish & Wild l ife 
• !Impacts to :s.taite 

endangered species 

Environmental Protection 
Ag,ency 

• Safe Drinking Wat er Act (Sectio 1423) 
Underground lnj:ection Cont rol 

U.S. Fish & W ild lite Service 
Endangered Specie,s. Act 
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Legal Protection of Karst Resources 
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History 
• 1993 Memorandum of Understanding 

• Replacement did not require approval of 
agency signatories 

• Applicability to karst resources outside 
of designated area unclear 

• Not applicable to current procedures or 
resources 

• New MOU would require resigning every 
two years 

• Format not allow for detail 

• Difficult to modify 
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Purpose 
 Provide guidelines for the construction and maintenance of 

transportation facilities in karst regions of the state. 

 Cooperate in the identification, study, and treatment of drainage 

in karst regions related to the construction and maintenance of 

transportation projects. 

 Ensure the transportation needs of Indiana are met in an 

environmentally sensitive manner that protects the habitat of all 

species. 

 Support use of design and construction practices that protect 

groundwater quality, public health and safety, and the 

environment from degradation. 
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Indiana Karst Region 



l<S a lk.ars1t feat ure. 
llocal:ed w i'th in o,:s, m i le . 
of project area per RIPf? 

rio further action 
1requ ired rio1te 1in en y,i

ronmen1ta1 document. 

•Consiideral:ions. 
Feature -
•I Tripe 
•• Quan1ti'1ty 
• Location 
Plrole ct -
·• Tripe 

• New Terrain 
• Exiisting Footprint 

•• Ground D'isrurbance 
• Excav.a'liion 

• Ri ll 

'tlES 
l<S the_re potentia l for 
prole ct 1to iim:pad: 
feature? 

loolude IUS1P for 
MA't1BE 

i-------N respo11Se for d isc01,1,ered 

Conduct a p re I i'm inary project 
an d lk.ars1t feature 1i'rnpact e va l

uat ion 1to deite:nmi'ne 1if baok
g rouncl research and pre I im'i
nary fie Id inves.t igation i's re
quired . 

'tlES 

•Conduct badk,gound research and 
fie Id ohed,; .. •Conduct a geo1teohn'i'ca1 
investigat'io:n if required . 

Team ( PM, des'igner,, NElPA prepar
er,, EW PO,, kars1t evalual:orfLPG) eva1-
ual:es findings and &eve lo;l)s, BM Ps. 

Doournen1t findings, 

l<S agency coord i'nati'o n req uired? 

Proy,ide 1p:re I i'm'inary documenita'tifon 
1to agencii'es. Disa.JiSS ne.e d for and 
scope of further 1inves.t igal:ion and 
Ollitsitanding qu.esti'ons requ ir,ing 
age·ooi'es iinpu1t. 

• 
,eo:nd:ud: further 1inves.t igal:'i'on and 
&e ve lo,p requi'red dooumenits based 
on agency coordina1fo:n. 

II 

d:ur i'rig const rurli'on. 
Note de,d 'sfon p rocess iin 
emii'Torunen1ta l docu
ment. 

Proy,ide age·ooies w ith 
documen1ta1\i'on. 
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Procedure 
• Timing of karst analysis 

vs RFI 

• Check location vs karst 
features in GIS 

• Large portion of area 
should drop as “No” 

• Other projects automatic 
“Yes” 

• In between? 
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Procedure 
Is project within 0.5 mile 
of a karst feature? 

• GIS Layers 
• Sinkholes 

• Springs 

• Cave Density 



l<S a karst fe_aru:re 
l.ocat!:ed Wiith'i'n 0.15 m i Le 
of project area pe_r RIFf?' 

NO 

rio further action 
re qu ire d . riote ii'n e m.\i'
romnenta'I document. 

Cons iderati'ons 
Feature -

,■ T}PI! 

,■ Qua ntify 
,■ Location 
Project -

,■ Ty,l)E! 

• riew Terra i'n 
• E:,;1is.t ing Footpnirrl: 

,, 1Ground DJs.turbance 
• u cavation 
• Ri ll 

l<S there pote ntfa l far 
p roject to 1impact 

lnolude USP for 
MA'l'IBE 

i,.-------H rresponse for d i'scovere d 
feature? 

, e I im inary project 
ah.i re ii'mp act e va1,

uation to dete rmine 1if baok
giround research and p re I i'm i'
nary fie I.cl ii'n1;1es.t igation 1is rre 
q uired . 

'l'IE'S 

Conduct backgiround research and 
fie Id clie clk. Conduct a gem e clinical 
1inves.t igatio:n i'f re q uired. 

Te.a m ~P,M, des1i'~ner • NEIPA p re ·par
e r,, E\'ll'PO , karst e va'luato rJ'LPG) e val
uates findi'ngs and deve lops. BM Ps .. 

Doou merrl: findings. 

l<S agency coord ination rreq u i'red? 

'l'IES l 
P,rO\li'de pre I i'mi'n ary doou:mental:ion 
to agencies .. ID i'SOl.Ji!ls. nee d far and 
scope of furthe r i'n'¥1!5tigation and 
ou,tstanding q ues.t ions. re qu ining 
agendes. 1in:put. 

Conduct further i'n'¥1!5tigation and 
deve lq p rreq ufre d doou:mem:s. based 
o:n agency coord i'nati'o.n, 

II 

dur,i'ng construction. 
riote de d sii'on 1proces:s. ii'n 
e rn.1i'romnemal docu.
rnent. 

P,rolilide age:ndes. wiith 
documentation, 
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Procedure 
Is project within 0.5 mile 
of a karst feature? 

• GIS Layers 
• Sinkholes 
• Springs 
• Cave Density 

• No – No further action, 
note in environmental 
document 

• Yes – Is there potential 
for project to impact 
feature? 



 

SCOVERY O :KARST EA RES 

. f unknown kar s t features are 
d"scovered during construct"on, a 
w·ork w·· thin 00 feet of the feature 
sha s to and the Eng ·neer sha e 
not"f"ed i.mrmted"ate y Karst features 
· nc ude, rut are not ·. 1 • ted to, vo · ds, 

caves, s n k" ng stream.s, s pr" ngs, sees, 
and s inkho es.. The De artm.en t w· 
·rov · de the treat:m.ent :measures to be 

· near orated for the feature .. The karst 
feature sha e rotected from 
sedimentat on runoff. Work sha not 
resume ·n the area unt d"rected ·y 

the Eng neer .. 
r.-..n Nextlevel 
~INDIANA 

Procedure 
• Is there potential for 

project to impact 
feature? 

• Maybe – Include USP 
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Procedure 
Example -

• Small culvert replacement w/ down channel storm sewer to 
prevent flooding 

• North of structure - karst cave area 

• Analysis – 
• Caves located in hilly area above culvert 

• Excavation required for new culvert would be like existing 

• No karst features on record for storm sewer portion 

• Potential to locate karst with new sewer excavation 

• USP required 
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Procedure 
• Is there potential for 

project to impact 
feature? 

• Yes – Does impact 
evaluation determine 
that additional 
background research 
and preliminary field 
investigation is 
required? 

Considerations 
Karst Feature – 
• Type 
• Quantity 
• Location 
Project – 
• Type 

• New Terrain 
• Existing Footprint 

• Ground Disturbance 
• Excavation 
• Fill 



 

ISCOVE:RY O :KARST EATURES 

I f unknown k arst feat ures are 
d scovered dur ·ng co:nstruct "o:n, a 

work w· thin 00 feet of the feature 

shall stop and the Eng · eer sha l be 

:not "f" ed Immed "atel y Ra r st features 

· :ncl ude, bu t are :not lim. · ted to, voids, 
caves, s · :nk · :ng streams, s prings, see s, 

and s · nkho es.. The Dep ar tme:n t w · ll 

prov de the treatment measures to be 

· :ncorporated .for the fea t ure. The karst 

feature shal be protected .from. 
sedime:ntat on ru:no.ff Work shal :not 

resume the area unt d i rected by 
the Eng •. eer .. r.-..n Nextlevel 

~INDIANA 

Procedure 
• Does impact evaluation 

determine that 
additional background 
research and 
preliminary field 
investigation is 
required? 

• No - Include USP 



 

<S a karst fe_aru:re 
l.ocat!:ed Wiith'i'n 0.15 m i Le 
of project area pe_r RIFf?' 

NO 

No further action 
requ ired. Note ii'n em.\i'

romnenta'I docume.nt. 

Cons iderati'ons 
Feature -

,■ T}PI! 

,■ Qua ntify 
,■ Location 
Project-

,■ Ty,l)E! 

• riew Terra i'n 
• E:,;1is.t ing Footpnirrl: 

,, 1Groul'ld DJs.turbance 
• ucavation 

• Ri ll 

l<S there potentfal far 
p roject to 1impact 
feature? 

loolu.de USP for 
MA'l'IBE 

i,.-------H response for d i'scovered 

Conduct a pre I iminary project 
al'ld karst feature ii'mp act eva1,
uation to determine 1if b aok
giroul'ld research a l'ld p re I i'm i'
nary fie I.cl ii'n1;1es.t igation 1is re
q uired . 

'l'IE'S 

Conduct backgiroul'ld research and 
fie Id oheclk. Conduct a gemedmical 
1inves.t igatio:n i'f required. 

Te.a m ~P,M, des1i'~ner • NEIPA p re·par
e r,, E\'ll'PO, karst eva'luatorJ'LPG) eva'l
uates findi'ngs a l'ld deve lops. BM Ps .. 

Doou merrl: findings.. 

l<S agency coord inati'on i-equ i'red? 

'l'IES l 
P,rO\li'de pre I i'mi'n ary doou:mental:ion 
to agencies .. ID i'SOUiSs, need far a l'ld 
scope of furthe r i'n'¥1!5tigation and 
ou,tstanding q ues.t ions. requ ining 
agencies. 1in;pl..lt. 

Co:ncfuct further i'n'¥1!5tigation and 
deve lq p i-equfre d doou:mem:s. based 
o:n agency coordi'nati'on, 

II 

dur,i'ng constructioll. 
Note deds1i'on 1proces:s. ii'n 
ern.1i'romnemal docu.
rnent. 

P,rolilide age:ndes. wiith 
documentation, 

r:.Ji Nextlevel 
~INDIANA 

Procedure 
• Does impact evaluation 

determine that 
additional background 
research and 
preliminary field 
investigation is 
required? 

• Yes – Conduct 
additional work 



 

<S a karst fe_aru:re 
l.ocat!:ed Wiith'i'n 0.15 m i Le 
of project area pe_r RIFf?' 

NO 

No further action 
requ ired. Note ii'n em.\i'

romnenta'I docume.nt. 

Cons iderati'ons 
Feature -

,■ T}PI! 

,■ Qua ntify 
,■ Location 
Project-

,■ Ty,l)E! 

• riew Terra i'n 
• E:,;1is.t ing Footpnirrl: 

,, 1Groul'ld DJs.turbance 
• ucavation 

• Ri ll 

l<S there potentfal far 
p roject to 1impact 
feature? 

loolu.de USP for 
MA'l'IBE 

i,.-------H response for d i'scovered 

Conduct a pre I iminary project 
al'ld karst feature ii'mp act eva1,
uation to determine 1if b aok
giroul'ld research a l'ld p re I i'm i'
nary fie I.cl ii'n1;1es.t igation 1is re
q uired . 

'l'IE'S 

Conduct backgiroul'ld research and 
fie Id oheclk. Conduct a gemedmical 
1inves.t igatio:n i'f required. 

Te.a m ~P,M, des1i'~ner • NEIPA p re·par
e r,, E\'ll'PO, karst eva'luatorJ'LPG) eva'l
uates findi'ngs a l'ld deve lops. BM Ps .. 

Doou merrl: findings.. 

l<S agency coord inati'on i-equ i'red? 

'l'IES l 
P,rO\li'de pre I i'mi'n ary doou:mental:ion 
to agencies .. ID i'SOUiSs, need far a l'ld 
scope of furthe r i'n'¥1!5tigation and 
ou,tstanding q ues.t ions. requ ining 
agencies. 1in;pl..lt. 

Co:ncfuct further i'n'¥1!5tigation and 
deve lq p i-equfre d doou:mem:s. based 
o:n agency coordi'nati'on, 

II 

dur,i'ng constructioll. 
Note deds1i'on 1proces:s. ii'n 
ern.1i'romnemal docu.
rnent. 

P,rolilide age:ndes. wiith 
documentation, 

r:.Ji Nextlevel 
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Procedure 

• TEAM 
• Project Manager 
• Designer 
• NEPA preparer 
• EWPO 
• Karst specialist/LPG 

• Background research 

• Field investigation 

• Geotechnical 
investigation 

• Document findings 



 

<S a karst fe_aru:re 
l.ocat!:ed Wiith'i'n 0.15 m i Le 
of project area pe_r RIFf?' 

NO 

rio further action 
requ ired. riote ii'n em.\i'
romnenta'I document. 

Cons iderati'ons 
Feature -

,■ T}PI! 

,■ Qua ntify 
,■ Location 
Project-

,■ Ty,l)E! 

• riew Terra i'n 
• E:,;1is.t ing Footpnirrl: 

,, 1Ground DJs.turbance 
• ucavation 
• Ri ll 

l<S there potentfal far 
p roject to 1impact 
feature? 

lnolude USP for 
MA'l'IBE 

i,.-------H rresponse for d i'scovered 

Conduct a pre I iminary project 
and karst feature ii'mp act eva1,
uation to determine 1if baok
giround research and p re I i'm i'
nary fie I.cl ii'n1;1es.t igation 1is rre
quired. 

'l'IE'S 

Conduct backgiround research and 
fie Id clieclk. Conduct a gemeclinical 
1inves.t igatio:n i'f required. 

Te.a m ~P,M, des1i'~ner • NEIPA p re ·par
e r,, E\'ll'PO, karst eva'luatorJ'LPG) eval
uates findi'ngs and deve lops. BM Ps .. 

Doou merrl: findings. 

l<S agency coord ination rrequ i'red? 

'l'IES l 
P,rO\li'de pre I i'mi'n ary doou:mental:ion 
to agencies .. ID i'SOl.Ji!ls. need far and 
scope of further i'n'¥1!5tigation and 
ou,tstanding ques.t ions. requ ining 
agend es. 1in:put. 

Co:ncfuct further i'n'¥1!5tigation and 
deve lq p rrequfred doou:mem:s. based 
o:n agency coordi'nati'o.n, 

II 

dur,i'ng construction. 
riote dedsii'on 1proces:s. ii'n 
ern.1i'romnemal docu.
rnent. 

P,rolilide age:ndes. wiith 
documentation, 

r:.Ji Nextlevel 
~INDIANA 

Procedure 

• Is agency coordination 
required? 

• No – provide agencies 
with documentation 

• Yes – provide agencies 
preliminary 
documentation, discuss, 
determine additional 
action required 

• Implement guidance and 
finalize document 



 

OF KARST FEATURES 

If unknown kars t features are 
d i s covered dur i ng cons truction, a ll 
wo r k wi thi n 100 feet of the feature 
shall stop and the Engi neer shall be 

notified irnm.ediately. Karst features 
i ncl ude, bu t are not liililited to, voids, 
c a ves, s i nking s treams, s p r i ngs , seeps, 

and s i nkhol es .. The Dep artment will 
p rovide the treatmen t measures to be 
i ncorpora ted for the fea t ure. The ka r s t 
feature shall b e protected from 
sedi.men tation runoff .. Work shall n ot 

resume i n the area until directed by 
t he Engineer .. 

r.-..n Nextlevel 
~INDIANA 

Discovery During Construction – US 50 Beaver Creek 

• Mitchell Plateau 

• Pre-Construction 
• Karst Reconnaissance Survey 

• Geotechnical Exploration 

• Construction 
• Drill shaft into void 

• Work stopped 

• Void investigated with camera by LPG 

• Void not karst 

• Drilled adjacent (w/in 3 ft) shaft, void not present 

• Void filled with concrete and shaft redrilled 



<S a karst fe_aru:re 
l.ocat!:ed Wiith'i'n 0.15 m i Le 
of project area pe_r RIFf?' 

NO 

rio further action 
requ ired. riote ii'n em.\i'
romnenta'I document. 

Cons iderati'ons 
Feature -

,■ T}PI! 

,■ Qua ntify 
,■ Location 
Project-

,■ Ty,l)E! 

• riew Terra i'n 
• E:,;1is.t ing Footpnirrl: 

,, 1Ground DJs.turbance 
• ucavation 
• Ri ll 

l<S there potentfal far 
p roject to 1impact 
feature? 

lnolude USP for 
MA'l'IBE 

i,.-------H rresponse for d i'scovered 

Conduct a pre I iminary project 
and karst feature ii'mp act eva1,
uation to determine 1if baok
giround research and p re I i'm i'
nary fie I.cl ii'n1;1es.t igation 1is rre
quired. 

'l'IE'S 

Conduct backgiround research and 
fie Id clieclk. Conduct a gemeclinical 
1inves.t igatio:n i'f required. 

Te.a m ~P,M, des1i'~ner • NEIPA p re ·par
e r,, E\'ll'PO, karst eva'luatorJ'LPG) eval
uates findi'ngs and deve lops. BM Ps .. 

Doou merrl: findings. 

l<S agency coord ination rrequ i'red? 

'l'IES l 
P,rO\li'de pre I i'mi'n ary doou:mental:ion 
to agencies .. ID i'SOl.Ji!ls. need far and 
scope of further i'n'¥1!5tigation and 
ou,tstanding ques.t ions. requ ining 
agend es. 1in:put. 

Co:ncfuct further i'n'¥1!5tigation and 
deve lq p rrequfred doou:mem:s. based 
o:n agency coordi'nati'o.n, 

II 

dur,i'ng construction. 
riote dedsii'on 1proces:s. ii'n 
ern.1i'romnemal docu.
rnent. 

P,rolilide age:ndes. wiith 
documentation, 

r:.Ji Nextlevel 
~INDIANA 

Procedure 

• Agency coordination 
• Why not earlier? 

• Coordinating agencies 
• USFWS 

• DNR 

• IDEM 

• EPA? 

• Other 
• IGWS 

• Indiana Cave Survey 

• Indiana Karst Coalition 



r.-..n Nextlevel 
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Karst and IPaC 
• Major Karst Region – 

too broad 

• IPaC question #9 – Is 
a project located in a 
karst area? 

• “Yes,” if in following 
physiographic Regions 
• Crawford Upland 

• Mitchell Plateau 

• Muscatatuck Plateau 
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Other Included Topics 
• Best management practices 

• Feature types and use 

• Table 

• Accidental discovery 

• Karst and INDOT maintenance 
• Road salt 

• Vegetation management 

• Signage 

• Glossary 
Rock ring U.S. 50 North Vernon Bypass • Karst geology 

• Karst biology 
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SR 64 Bridge Replacement 
• Des. No. 1900066, INDOT Seymour 

District 

• Location – Depauw, IN, Harrison 
County 

• 0.11 mile east of SR 337 

• Project scope: 
• Replace existing bridge 

• Install guardrail 

• Relocate drainage feature south of SR 64 

• Install riprap at base of bridge and along 
road slope 
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SR 64 Bridge Replacement 

• Desktop Review/Initial 
Field Visit 
• Mapped sinkhole area 

• Crawford Upland/Mitchell 
Plateau 

• Bedrock of the Blue River 
Group 

• Depressions 

• Holes 



 

SR 64 Bridge Replacement 
• Coordinate with INDOT Ecology & 

Waterway Permitting 

• Karst Survey by Hydrogeology Inc. 

• Results 
• 104 potential sinkholes within 0.5 

mile (Lidar) 

• Survey area – 7 sinkholes, 1 swallet, 1 
sinking stream basin 

• Sinking stream basin drainage area – 
1,500 acres 

• Dye trace link to Harrison Spring 
(largest spring in IN, historically 
significant) 



 

r.-..n Nextlevel 
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SR 64 Bridge Replacement 

• Karst Treatment Recommendations 
• Dye trace sinking stream basin 

• SH-5: A karst expert should be present during 
any excavation work. If any voids are 
identified, it should be treated with an 
aggregate or concrete cap depending on its 
location relative to the road 

• Erosion and sediment control measures 
should be in place to protect karst features 

• Discovery of Karst Features USP 

• Treatment of stormwater runoff to karst 
features 



• Flow patterns to bridge

SR 64 Swale Design – Flow Patterns 



UNT Blue River 
CJ Karst Features 

SR 64 Swale Design – Local Flow Patterns 
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SR 64 Swale Design – Stage 1 Swale Geometry 

Goal: Redesign swales to act as Post-Construction Stormwater BMPs. 



Legend 
Swale D.A. 

1 

2 
3 

I-64 Swale Design – Water Quality Volume 

Rv = 0.05 + 0.009 * I 

WQv = (P * Rv * A) 
In acre-feet 

Where: P = 1 inch of 
rainfall 
A = Area, acres 
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Dimensionless Unit Hydrograph: 

Storm Data Source: User-prov i ed custo m sto rm data 

Rainfall Distribution Identifier: y pe II 

Sub-area Entry and Summary -------------------------~ 
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(cfs)

I-64 Swale Design – Water Quality Treatment Rate 

• Graphical method for CNwq 

• TR-55 method for Tc 

• WinTR-55 to model runoff 
• NRCS Type II rainfall 

distribution 

• 1 inch of rainfall 

• Water Quality Treatment 
Rate, Qwq 

Swale CNwq Tc (hr) Qwq 

0.16 

2 88 0.10 0.07 

3 91 0.10 0.06 

1 92 0.10 
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Channel Slope: 

Mormal Depth : 

Left Side Slope: 
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Discharge: 
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10 1s o ID 

1.4 in 
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Friction Method: 

Flow Area: 

W etted Perimeter: 

Hydrauli c Rad ius: 

To p W idth: 

Critical Depth : 

Critical Slope: 

Velocity : 

Velocity Head : 

Specific Energy : 

Froude Mumber: 

Flow Type: 

I Mann ing Formula 

10 6 

1s1 

lu 
fl ===~ 
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1s .68 fl 

104 

11046 

in ===~ 
fl/ft 

1027 fl/s 

10.00 

10 11 

fl ===~ 
fl 
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I-64 Swale Design – Hydraulic Analysis 
• Maximize Hydraulic Residence time 

during Water Quality Event and 
minimize impact to right-of-way 

• Hydraulic Residence Time, Tahr 

Tahr = (Lswale ÷ Vwq) ÷ 60 

Where: 
Lswale = Length of swale, feet 
Vwq = Flow velocity during Water 
Quality Event, ft/s 

Swale Lswale (ft) Vwq (ft/s) Tahr (min) 

1 145 0.27 9 Water depth during Water 
Quality Event must be at or 

2 60 0.11 9 below the height of 
vegetation in the swale 3 60 0.11 8 
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i 

I-64 Swale Design – Modified Proposed Geometry 
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Questions 

• Protection of Karst Features During 
Project Development and 
Construction 

• Contact Information 

Sandra Bowman, 
sbowman@indot.in.gov, work cell 
317-416-2509 

Jessica Eichhorst, 
jeichhorst@HNTB.com 

Kia Gillette, kgillette@HNTB.com 

https://www.in.gov/indot/engineering/environmental-services/ecology-and-waterway-permitting/
mailto:sbowman@indot.in.gov
mailto:jeichhorst@HNTB.com
mailto:kgillette@HNTB.com



