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Legal Protection of Karst Resources

Mational Environmental Policy

Act
Section 7 Section 106 Section 4f
Federally Archeological Recreational Area
Endangered Resources

Species \
IDEM —

Office of Water Quality

* |mpacks to drinking

water resources ¥
P ., * Ground Water

DMR —
Division of Water
* Water Well Drilling

* Clean Water Act .,
* Safe Drinking Water Act “""‘--; / KARST Rﬁ * Flood Control Act
| Division of Fish & wildlife
Office of Land Quality RESOURCE
* Contamination clean-up * Impacts to state
endangered species

Local Government/

Monroe County Environmental Protection

* Impacts to drinking water Agency

TESOUrces * 5afe Drinking Water Act (Section 1423)

Protected Species
Protected Habitat
Hibernacula
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History

* 1993 Memorandum of Understanding
* Replacement did not require approval of
agency signatories
e Applicability to karst resources outside
of designated area unclear

* Not applicable to current procedures or
resources

* New MOU would require resigning every
two years

e Format not allow for detail
e 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
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Procedure

Is akarst feature
located within o.5 mile
of project area par RFI?

* Timing of karst analysis
vS RFI

e Check location vs karst
features in GIS

e Large portion of area
should drop as “No”

e Other projects automatic
((YeSII

* |n between?

NO

L 3

Mo further action
reguired. Mote in enwi-
ronmental document.

Considerations
Feature -
* Type
+ Quantity
+ Location
Project-
* Type
+ Mew Terrain
+ Existing Footprint
» Ground Disturbance
+ Excavation
« Fill

NO
YES
L

Is there potential for
project to impact

MAYEBE

feature?

Conduct a preliminary project
and karst feature impact eval-
uation to determine if back-
ground research and prelimi-
nary field investigation is re-
quired.

YES

NO

Conduct background research and
field check. Conduct a geotechnical
investigation if required.

Team (PM, designer, NEPA prepar-
ar, EWPQ, karst evaluator/LPG) eval-
uates findings and develops BMPs.
Document findings.

Is agency coordination reguired?

NO

YES

Provide praliminary documentation
to agencies. Discuss need for and
scope of further investigation and
outstanding quaestions reguiring

agancies input.

Conduct further investigation and
develop required documents based
on agency coordination.

Include USP for

# response for discovered

during construction.
Mote decision process in
enviranmental docu-
ment.

Provide agencies with
documentation.
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Procedure

s project within 0.5 mile
of a karst feature?

* GIS Layers
* Sinkholes
* Springs
* Cave Density
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Procedure

s 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?

Is akarst feature Is there potential for Include USF for
r . ' . MAYBE .
located within o.smile  |==———————=%| project to impact | response for discovered
of project area per RFI? featura? during construction.
Mote decision process in
NO YES envirenmental docu-

Mo further action
required. Mote in emvi-
ronmental document.

aliminary project
and karst Teature impact aval-
uation to determine if back-
ground research and prelimi-
nary field investigation is re-
quirad.

Considerations
Feature -
* Type
® Quantity
* Location
Project -
* Type
« Mew Terrain
+ Existing Footprint
# Ground Disturbance
+ Excawvation
« Fill

TES

ment.
NO

Conduct background research and
field check. Conduct a geotechnical
investigation if requirad.

Team (PM, designer, NEPA prepar-

er, EWPO, karst evaluator/LPG) eval-

uates findings and develops BMPs.
Document findings.

Is agency coordination required?

Provide agencies with
documentation.

NO

TES

Frovide preliminary documentation
to agencies. Discuss need for and
scope of further investigation and
outstanding questions requiring
agencies input.

l

Conduct further investigation and
develop required documents based

on agency coordination.
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Procedure

* |s there potential for
project to impact
feature?

* Maybe — Include USP

DISCOVERY OF EARST FEATUERES

If unknown karst features are
discovered during construction, all
work within 100 feet of the feature
shall stop and the Engineer shall ke
notified immediately. Earst features
include, but are not limited to, wvoids,
caves, sinking streams, sSprings, seeps,
and sinkhcles. The Department will
provide the treatment measures to be
incorporated for the feature. The karst
feature shall be protected from
sedimentation runcff. Work shall not
resume in the area until directed by

the Engineer.
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Procedure

Example -

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

e North of structure - karst cave area

* Analysis —
e Caves located in hilly area above culvert
e 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

e USP required

NextLevel
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Procedure

* |s there potential for
oroject to iImpact
feature?

* Yes — Does impact
evaluation determine
that additional
background research
and preliminary field
Investigation Is
required?

Considerations
Karst Feature —
* TJype
* Quantity
* Location
Project —
e TJype
* New Terrain
* Existing Footprint
* Ground Disturbance
* Excavation
* Fill

NextLevel
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Procedure

+ Does impact evaluation | A

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

* No - Include USP

DISCOVERY OF FARST FEATURES

If unknown karst features are
discovered during construction, all
work within 100 feet of the feature
shall stop and the Engineer shall be
notified immediately. Earst features
include, but are neot limited to, wvoids,
caves, sinking streams, sSprings, sSeeps,
and sinkholes. The Department will
provide the treatment measures to be
incorporated for the feature. The karst
feature shall be protected from
sedimentation runcff. Work shall not
resume in the area until directed by
the Engineer.
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Procedure

Is akarst featura
located within o.5 mile
of project area per RFI?

* Does impact evaluation
determine that
additional background
research and
preliminary field
Investigation is
required?

* Yes — Conduct
additional work

NO

Mo further action
required. Mote in emvi-
ronmental document.

Considerations
Feature -
* Type
® Quantity
* Location
Project -
* Type
« Mew Terrain
+ Existing Footprint
# Ground Disturbance
+ Excawvation
« Fill

NO
TES
1

Is there potential for

MAYBE

project to impact
feature?

Conduct apreliminary project
and karst feature impact aval-
uation to determine if back-
ground research and prelimi-
nary field investigation is re-
quirad.

TES

Conduct background research and
field check. Conduct a geotechnical
investigation if requirad.

Team (PM, designer, NEPA prepar-
er, EWPO, karst evaluator/LPG) eval-
uates findings and develops BMPs.
Document findings.

Is agency coordination required?

TES

Frovide preliminary documentation
to agencies. Discuss need for and
scope of further investigation and
outstanding questions requiring
agencies input.

l

Conduct further investigation and
develop required documents based
on agency coordination.

NO

Include USF for

| response for discovered

during construction.
Mote decision process in
emnvironmental docu-
ment.

Provide agencies with
documentation.
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Procedure

Is akarst featura
located within o.5 mile
of project area per RFI?

* TEAM

* Project Manager

* Designer

* NEPA preparer

* EWPO

* Karst specialist/LPG

e Background research
* Field investigation

e Geotechnical
Investigation

* Document findings

NO

Mo further action
required. Mote in emvi-
ronmental document.

Considerations
Feature -
* Type
® Quantity
* Location
Project -
* Type
« Mew Terrain
+ Existing Footprint
# Ground Disturbance
+ Excawvation
« Fill

NO
TES
1

Is there potential for
project to impact

MAYBE

featura?

Conduct apreliminary project
and karst feature impact aval-
uation to determine if back-
ground research and prelimi-
nary field investigation is re-
quirad.

TES

Conduct background research and
field check. Conduct a geotechnical
investigation if requirad.

Team (PM, designer, NEPA prepar-
er, EWPO, karst evaluator/LPG) eval-
uates findings and develops BMPs.
Document findings.

Is agency coordination required?

NO

TES

Frovide preliminary documentation
to agencies. Discuss need for and
scope of further investigation and
outstanding questions requiring
agencies input.

l

Conduct further investigation and
develop required documents based
on agency coordination.

Include USF for

| response for discovered

during construction.
Mote decision process in
emnvironmental docu-
ment.

Provide agencies with
documentation.
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Procedure

Is akarst featura
located within o.5 mile

of project area per RFI?

* |s agency coordination
required?

* No — provide agencies
with documentation

* Yes — provide agencies
preliminary
documentation, discuss,
determine additional
action required

* Implement guidance and
finalize document

NO

Considerations

Project -

« Mew Terrain

+ Existing Footprint
# Ground Disturbance

+ Excawvation

« Fill

NO
TES

L NO
Conduct apreliminary project
and karst feature impact aval-
uation to determine if back-

Is there potential for
project to impact
F

MAYBE

Include USF for

| response for discovered

feature?

ground research and prelimi-
nary field investigation is re-
quirad.

TES

Conduct background research and
field check. Conduct a geotechnical
investigation if requirad.

Team (PM, designer, NEPA prepar-

er, EWPO, karst evaluator/LPG) eval-
uates findings and develops BMPs.
Document findings.

Is agency coordination required?

TES

Frovide preliminary documentation
to agencies. Discuss need for and
scope of further investigation and
outstanding questions requiring
agencies input.

l

Conduct further investigation and
develop required documents based
on agency coordination.

NO

during construction.
Mote decision process in
emnvironmental docu-
ment.

Provide agencies with
documentation.
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Discovery During Construction — US 50 Beaver Creek

* Mitchell Plateau e

o Pre_ConStru Ction DISCOVERY OF EARST FEATUERES

If unknown karst features are

* Karst Reconnaissance Survey discovezed during constricrion, ALl
NReotechnical Expl Qg I T

include, but are not limited teo, woids,
°® C t t caves, sinking streams, springs, seeps,
O n S ru C |O n and sinkholes. The Department will

provide the treatment measures to be

¢ Drlll Shaft |nto VOld incorporated for the feature. The karst
feature shall be protected from
o |< (j sedimentation runcff. Work shall not
Wor Stoppe resume in the area until directed by

the Engineer.

* Void investigated with camera by LPG
* \/oid not karst

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

* VVoid filled with concrete and shaft redrilled NEELEve!



Procedure

Is akarst featura
located within o.5 mile
of project area per RFI?

* Agency coordination
* Why not earlier?

* Coordinating agencies
* USFWS
* DNR
* IDEM
* EPA?

e Other
e IGWS
* Indiana Cave Survey
* Indiana Karst Coalition

NO

Mo further action
required. Mote in emvi-
ronmental document.

Considerations
Feature -
* Type
® Quantity
* Location
Project -
* Type
« Mew Terrain
+ Existing Footprint
# Ground Disturbance
+ Excawvation
« Fill

NO
TES
1

Is there potential for
project to impact

MAYBE

featura?

Conduct apreliminary project
and karst feature impact aval-
uation to determine if back-
ground research and prelimi-
nary field investigation is re-
quirad.

TES

NO

Conduct background research and
field check. Conduct a geotechnical
investigation if requirad.

Team (PM, designer, NEPA prepar-
er, EWPO, karst evaluator/LPG) eval-
uates findings and develops BMPs.
Document findings.

Is agency coordination required?

NO

TES
L

Frovide preliminary documentation
to agencies. Discuss need for and
scope of further investigation and
outstanding questions requiring

agencies input.

Conduct further investigation and
develop required documents based
on agency coordination.

Include USF for

| response for discovered

during construction.
Mote decision process in
emnvironmental docu-
ment.

Provide agencies with
documentation.
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Karst and [PaC

* Major Karst Region —
too broad

(e
A vico

* |PaC question #9 —Is
a project located in a
karst area?

%‘° SULLNAN B

“Yes,” if in following
physiographic Regions
* Crawford Upland
* Mitchell Plateau

* Muscatatuck Plateau g/ ”f’ I
( "2
W

-———

N, NextLevel
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Other Included Topics

* Best management practices

* Feature types and use
e Table

e Accidental discovery

e Karst and INDOT maintenance
* Road salt
* \egetation management
* Signage

* Glossary

e Karst geo|ogy Rock ring U.S. 50 North Vernon Bypass

 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
e Relocate drainage feature south of SR 64

* Install riprap at base of bridge and along
road slope

Harrison County L
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SR 64 Bridge Replacement
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OpenStreetMap con

* Desktop Review/Initial
Field Visit

* Mapped sinkhole area

* Crawford Upland/Mitchell
Plateau

e Bedrock of the Blue River
Group

* Depressions

* Holes
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SR 64 Bridge Replacement

* Coordinate with INDOT Ecology &
Waterway Permitting

 Karst Survey by Hydrogeology Inc.

e Results
* 104 potential sinkholes within 0.5
mile (Lidar)
e Survey area — 7 sinkholes, 1 swallet, 1
sinking stream basin

e Sinking stream basin drainage area —
1,500 acres

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




SR 64 Bridge Replacement

e Karst Treatment Recommendations
e 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

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

e Discovery of Karst Features USP

e Treatment of stormwater runoff to karst
features
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SR 64 Swale Design — Local Flow Patterns




SR 64 Swale Design — Stage 1 Swale Geometr
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Goal: Redesign swales to act as Post-Construction Stormwater BMPs.



-64 Swale Design — Water Quality Volume
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-64 Swale Desigh — Water Quality

reatment Rate

e Graphical method for CNwq

e TR-55 method for Tc

e WinTR-55 to model runoff

* NRCS Type Il rainfall

distribution

e 1 inch of rainfall

e Water Quality Treatment

Rate, Qwqg

Swale

CNwq
92
88
91

Tc (hr)
0.10
0.10
0.10

Water Quality Curve Number (CNwq)

100

98

96

94

92

90

88

86

84

82

80

78

76

74

72

70

EEE WinTR-55 Main Window

File Options ProjectData GlobalData Run  Help

= | S| @Tc|hy| ] &3] «f =|h] 2

WinTR-55 Small Watershed Hydrology

— Project |dentification Drata
Ilgzer IDSW

Froject: ITﬁE-DB

State: IIm:Ih:mﬂ

2

County: IHﬂ.rrisu-n MOAA_B

Subtitle: ISR 64 Bridge Replacement - Natural Swale Design

Execution Date: 3/3/2021

E

— Sub-areas are expressed in:
i Acres
{ Square Miles

Dimenzionless Urit Hpdrograph: -

Storm Data Source:  User-provided custom storm data

Rainfall Distribution |dentifier:  Type TT
// — Sub-area Entry and Summary
- Sub-area Flows to Weighted
Sub. Mame | Sub Des A Tec(h
4 ub-area ub-area cription Rench/Outiet rea (ac) N c (hr)
Zone 1 Area fo Swale 1 Outlet | 026 92 0.100
Zone 2 Area fo Swale 2 Outlet ﬂ 0.12 Fatid 0.100
Zone 3 Area fo Swale 3 Outlet ﬂ 0.11 21 0.100
0
Qwq
0. Project Area: 56 (ac)

O- File: N:%75508 INDOT S 2019 Env OncalhTOD1-SRE4ERep DES19000664 Design* | 341342022 | E:.04 P

0.06
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-64 Swale Design — Hydraulic Analysis

* Maximize Hydraulic Residence time
during Water Quality Event and e o e o wosen s

-0 Hw @RS XxBE DO

m I n | m I Ze I m pa Ct to rlg ht_Of_Way ] Tabular Reports ~ Detailed Report [@ Rating Table [@ Rating Curve [&&] Cross Section [ig] GVF Profile [ig] GVF Profile Table

v~ Profeet Explrer v 2 X ||w Worksheet : Swale 1 =] @ ==
. . . |~ |fe Water Quality FI d Swale Design.fm3
* Hydraulic Residence Time, Tahr &7 wsad™ ™ ™™™ | i o oot v s
il Swale 2
|I- - [+ "\ 5:5”33 Solve For: | Normal Depth | R Friction Method: | Manning Formula v
& -
Tahr = (Lswale +~ Vwq) + 60 Rovstinsss Costent 050 e e
Channel Slope: firft Wetted Perimeter: ft
Marmal Depth: in Hydraulic Radius: in
Where: Left Side Slope: 3.000 H:v Top Width: ft
_ Right Side Slope: 3.000 H:V Critical Depth: in
stale - Length Of Swale, feet Bottom Width: 5.00 ft Critical Slope: ﬁ.l‘ﬁ
Vwq = Flow velocity during Water pre 1 Jes ] veloe o s
- Velocity Head: ft
Quallty Event, ft/s Specific Energy: ﬂ
Froude Mumber:
| Engineering Library Explorer * 0 X |
O-H- X =1
| @--Ef Material Libraries ‘
) Calculation Successful.
Swale Lswale (ft) Vwq (ft/s) Tahr (min)

Water depth during Water
1 145 0.27 9

Quality Event must be at or Nexthevel
: > o ° below the height of

3 60 0.11 8 vegetation in the swale
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Questions

e Protection of Karst Features During
Project Development and
Construction

e Contact Information

Sandra Bowman,

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

Jessica Eichhorst,
jeichhorst@HNTB.com

Kia Gillette, kgillette @HNTB.com
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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



