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Bioretention Typical Cross-Section
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Bioretention Provides...

* Runoff volume reduction through
exfiltration (groundwater recharge) and
evapotranspiration

* Slow release of treated water through the
underdrain

« Water quality improvement through
filtration, sedimentation, adsorption, and
plant and microbial processes

* Green space and ecological benefits
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OH Bioretention Design Standard

Water Quality Volume =
Runoff from first 0.75 |
Inches of rain |

e Storage provided in bowl |
above mulch surface

 ASSumMes no intra-event
infltration S
1 ft Maximum Ponding
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OH Bioretention Design Standard
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Media Component |Standard Specification

Sand >80%
Fines Q- 129
Organic Matter 3 .59

P Content 15-60 mg/kg
Permeability " thhi 3;):“ in 24
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How Bioretention Should Work
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What Could Happen...




THE OHIO STATE UNIVERSITY Food, Agricultural, and
Biological Engineering

NC STATE UN

Bio&Ag




Food, Agricultural, and

THE OHIO STATE UNIVERSITY o D : :
e Biological Engineering

National Estuarine Research Reserve System (NERRS)
Science Collaborative: EValuating Stormwater

Solutions in Ohio’s Lake Erie Basin

® NOAA Funds administered by the University of New Hampshire

® Research addressing local coastal management problems

® Researchers and intended users work together

DIVISION OF
WILDLIFE

COASTAL
TRAINING
PROGRAM
. OHIO
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Ursuline College
(UC) Cell

Characteristics

Catchment area BRI E- 6=
Imperviousness 17T%
Bioretention 1960 ft2
surface area
87% sand,

Media 4% silt. 9%
characteristics
clay

Forbs &
Vegetation perennial
grasses

77%
Impervious

Bie&Ag"
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Holden Arboretum (HA) cells
Characteristics

Catchment area 0.48 acres 0.67 acres
Imperviousness 58%
Bioretention surface 610 fi2 350 fi2

area
Media characteristics 88% sand, 2% silt, 10% clay
Vegetation s &Nt Shrubs/trees

_ perennial grasses

B /v
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HA Catchments

Biological Engineering

Bio&-Ag:



Biological Engineering

THE OHIO STATE UNIVERSITY BoedzAgiictlidral ana

Design Characteristics
Ohio Design Event = 0.75 In |

\

Gravel Avg. Runoff Depth

Media BRC SA:
Layer Bowl . Captured
Cell Depth Watershed .
(in) De_pth De_pth SA Wlthout_
(in) (in) Overflow (in)
uC 24 12 12 6.2% 1.16
HA South 33 12 15 5% 1.78
HA North 36 12 16 5% 1.76
Typical =12 in Typical = 5%

NC STATE UNIVERSI
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Internal Water Storage (IWS) Zone

SOD FILTER PONDING DEPTH 12" MAX
12"X12" GRAVEL TRENCH ALONG CURB FILTRATION AREA /

BIO-RETENTION PLANTINGS
EMERGENCY OVERFLOW

BACKFILL ENTIRE BIO-BASIN WITH BIO-SWALE
SOIL MIX SEE NOTES. AVOID OVER
COMPACTING SOIL, DO NOT DRIVE EQUIPMENT
IN BIO-BASIN. PLACE SOIL 5% HIGHER THAN

CURB WITH 2' CUT OPENIN&Sj

I2'

7/ 3 7/ 3 " 4
3" COARSE AéEDH&lREDDED o P //// FINISH GRADE TO ALLOW FOR SETTLING
HARDWOOD MUL Fn — =¥ 7 7
v ke i‘ ‘ ‘_‘ l ": 2 ] T 2-3 CATCH BASIN

3" CLEAN MEDIUM CONCRETE SAND, ASTM ¢-33
CLEAN GRAVEL NO. & OR #1718 PEA GRAVEL
12" WASHED GRAVEL, ODOT #57

ELEVATED OUTLET CONNECTED INTO
CATCH BAGIN, REFER TO GRADING | == TR—T11]
PLAN FOR PIPE LAYOUT — —\H—H!— O.E
- ]

—| | —| | [ ==L

Ursuline: 24 In
Holden N: 18 In
Holden S: 15 In
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What Could be Improved Here?
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Retrofit Ease / Cost Savings
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Unable to Connect to
Existing Storm Sewer

Conventional
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Retrofit Ease / Cost Savings

NotegNot
B SeElB

Temporary —

Lend Sepo e 8%
Storage = 12'in.

- 2 y IWS Pipe Length = 48 ft. [BipelSiopel=Rik.)
Media = 36 in. — -“? R 0\ O
‘ . . " v
Internal Water — W& S SR ISP ) 3, (o F 3 <% I
Storage = 24 in. ?‘b‘?a "*“ g e teny bt L TLIYER ’

Conventional Pipe Length = 120 ft.

Gravel
Layer =12 in.

NC STATE UNIVERSITY
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Hydrologic Monitoring

Quantify the water balance:
Rainfall

Evapotranspiration + Exfiltration
Drainage
Overflow

Media (/3 ft.) -

Internal Water — {88

Storage (2 12 ir

EEEEEEEEEEE
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Soll Testing

Subarade Measured
Site Mapped Soil Soil 'Igexture Kfs
(in/hr)
Holden Platea (North) Silty Clay South — 0.02, 0.04
Arboretum Pierpont (South) Loam North — 0.02, 0.02
Ursuline Mahoning Clay/Fil 0.02, 0.02, 0.03

College

|

ENGINEERING
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Monitoring Post-Construction
Drawdown

. THE OHIO STATE UNIVERSITY Food, Agricultural, and

Water Level Logger
 range: 0 to 9 m (0 to 50 ft)
P/N: U20-001-01 S/ 9738918

www.onsetcomp.com

Tt rav"

Bi@& Courtesy: Onset Computer Corporation, 2014

ENGINE
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HA Water Table

Internal Water Level (m)

Food, Agricultural, and
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0.7
06 L — South Cell

' —North Cell
0.5

T Media

Top of N Cell IWS Zone TDrainage

03 +—PgH—-

0.2

04 }J, STdiPea #}el -

,L Exfiltration+ET

r Exfiltration+ET

T Sand + Pea Gravel

J, #57 aggregate

0.1 —%

0

8/11/2014

8/21/2014

8/31/2014
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Ursuline Water Table

1.0
E o. I
= 08 Drainage
) /
=
g
| .
§ 0.6 ——— | __ _ Topoftwszone _ M} _ _ _ //
o Slope Break _
E \ T Media
E 0.4 || / 1 / Exfiltration+ET ‘ | Sand + Pea Gravel _
‘=
\ ( / \ \ TSand + Pea Gravel E
\ =
\ \ \kf \ \l/ #57 aggregate 5
0.2
Gravel/Soil Interface
0.0 I\ , ~— | /

o 6/15/2014 6/25/2014 7/5/2014 7/15/2014
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Post-Construction Drawdown
Pre-Construction Kfs  Average Measured

THE OHIO STATE UNIVERSITY Food, Agricultural, and

Site (in/hr) Drawdown Rate (in/hr)
Holden North 0.02, 0.02 > 0.067
Holden South 0.02, 0.04 > 0.078
Ursuline 0.02, 0.02, 0.03 > 0.17

Single ring tests:

* Provide estimates of
vertical soil hydraulic
conductivity

Drawdown Rates:

* Include lateral exfiltration,
greater driving head for
exfiltration, and minor ET
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Heterogeneity of Solls

Source: Bathke and Cassel (1991), SSSAJ

Landscape position

Horizon Interfluve Shoulder Linear Footslope
A 0.30 0.17 0.04 0.11
ATt 0.0003 0.53 0.06 101.78
B1 (Btl) 0.34 114.12 0.51 2.5
BIT 1.14 6.24 0.63 55.33
B2 (Bt2) 0.69 — - 0.18 0.37
B2T 0.04 — 0.28 0.59
BC 0.04 1.35 0.92 -
C — 0.63 — —
t Horizon designations followed by T indicate samples taken from the tran-

sition area of the contiguous horizons.

NC STATE UNIVERSITY
Bi &:Ag‘
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Take Home Message

* In tight soils, IWS zone Is key to
bioretention performance

« With IWS, exfiltration during 3-4 average dry
period.

« Without IWS, exfiltration during max 48 hrs

« Lateral exfiltration appears to be a
dominant mechanism

« Non-linear drawdown
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Discharge Threshold

Biological Engineering

o HA North HA South UC
250
. 95% Cl for Drawdown
Site Dr(mm) 4 e by (mm) | Rate (in/hr)
200 uc 13.8 +6.4 0.17
HA North 5.5 +1.7 0.078
= NA South 7.4 +1.7 0.067
g %
5 150
3
2
o
£ 100
O -
Ts
z &
50 é,ﬁ
-1
0 [ [ [ |

Bie&Ag
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Curve Numbers over HSG D Solls

HA South  ----- Catchment(CN93) ——HASouth(CN89) - - WoodsD(CN77)
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Curve Numbers over HSG D Solls

Ursuline  ----- Catchment (CN98) ——Ursuline (CN90) - — Woods D(CN 77)
350

300
250

200 CN:90 ] /
150 e — -
100 — / e

50

Outflow Volume (m3)

1 I I I I I I 1
0 10 20 30 40 50 60 70 80 90 100
Rainfall (mm)

Curve Number Derived from Field Data

Site Watershed CN Watershed + BRC
Holden North 93.1 6 > 87
Holden South 93.1 4 > 89

Ursuline 98.5 : > 90

NC STATE UNIVERSITY
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Bioretention Monitoring Summary

 Measured post-construction drawdown rates
were 3-8 times greater than pre-construction
soll K

« Due to lateral exfiltration, greater driving head, and
minor amounts of ET

e 36-59% volume reduction

« >29% peak flow mitigation during design rainfall
Intensities

. Function of
« Discharge thresholds between}dravydnocv\;znraote 2
0.22-0.54 inches IWS zone
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| essons Learned

* Provide construction oversight
* Pre-construction meeting
* Engineering support on call
* Approving alternatives

« During construction:
* Avoid/break up compaction

 Check grades
* Look for clogging layers after rainfall

NC STATE UNIVERSITY
Bi
EEEEEEEEEEE
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On-Site Meetings: Critical

o=

' B ,

A A T % o ¥ /
& P2

¥ ¥| * Pre-construction
== (kick-off)
* At critical junctures

Provide
construction
sequencing

 Be available to ’

‘answer questions Ea T
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Construction: Checking Grades

Bie
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Looks Pretty Good!

NC STATE UNIVERSITY
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Post Mortem: Storage Volume

— Water Burface at Overflo /

NC STATE UNIVERSITY

Bie&Ag:
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Compaction?

NC STATE UNIVERSITY
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Construction Techniques: Avoiding Soll
Compaction

« Pittetal., 2009:

* In sandy solls,
compaction can
decrease infiltration
rate by one order of
magnitude

* In clay solils,
compaction can
decrease infiltration
rate by factor of 50

* Must minimize
subgrade compaction
to promote exfiltration
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“Ripping” the Subsoil
Tyner et al. (2009)

Bie

ENGINEERING
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 Excavate in dry
conditions as often
as practicable

« “Back out’
equipment

« Excavate final 9-12”
with teeth of bucket
(DO NOT SMEAR)




THE OHIO STATE UNIVERSITY Food, Agricultural, and

Biological Engineering

Does Excavation Technique Really

Matter?

« Brown & Hunt, 2010:

« Tested infiltration and
hydraulic conductivity of
“scooped” vs. “raked”
subgrades

« Raking decreased bulk
density, significantly
Improved exfiltration

 Rake when dry for
best performance,
especially in silt/clay
solls
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Compaction by Construction
Method

600

n
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N
o
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200
100

Cone Index (psi)

Depth (in)
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Media Installation

* 10% higher
than finished
elevation for
consolidation

 Rainfall will
consolidate
media

Bie&Ag*

ENGINEERING



Food, Agricultural, and
Biological Engineering

Importance of Vegetation on
Side Slopes

THE OHIO STATE UNIVERSITY

NC STATE UNIVERSITY
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Clogging Layer

NC STATE UNIVERSITY
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'‘Crush and Run’ Base

NC STATE UNIVERSITY

Bie&Ag:
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Sedimentation & Clogging Layer

NC STATE UNIVERSITY

Bie&Ag:
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Bowl| Drawdown

e OH recommended bowl drawdown rate
* 24 hours (0.5-2 in/hr)

 Actual drawdown rate
. 48+hours (O 1 0.5 m/hr) .
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Construction Seguencing

* Sequencing IS
essential
 |nstall bioretention

as close to end of
construction

* Provide bypass
and stabilize
watershed

INC STATE UNIVERSITY
Bio&Ag:
EEEEEEEEEEE
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Pretreatment?

* Bioretention needs
pre-treatment o)
* Forebay
* Filter strip
« Swale
* Deep sump

* Limit velocity of
Inflow to 1 ft/sec
(1-yr, 24 hr storm)

NC STATE UNIVERSITY
Bi &:Ag‘
EEEEEEEEEEE
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Bioretention
Forebays

* Rock-lined pool

 Reduce sediment
before water
enters BRC

S - 20% of the WQv
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Forebays Need Maintenance
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Pretreatment; Swales
Minimum 20 ft in length

1A il -
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Filter Strips

 Sod is best e *

« Watch for
concentrated
flow (parking
bumpers)

» Gravel verge Is —
a maintenance
headache

NC STATE UNIVERSITY

Bie&Ag:
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L s~ ... Mulch®
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- «Food Source for Microbes
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Bioretention Components:
Underdrain Cleanouts

NC STATE UNIVERSITY

Bie&Ag*
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Underdrain cleanouts

Not-so-good Better

NC STATE UNIVERSITY
Bi

ENGINEERING
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Snow load compaction

Where does snow get dumped in parking lots?

NC STATE UN|

Bie
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QUESTIONS?

NC STATE UNIVERSITY

Bie&Ag:



NC STATE UNIVERSITY

Permeable Pavements:
Performance and Lessons Learned
IN Northeast Ohio

B g\;ss,c,v,w ; ===

Alessandra Smolek, Ph.D., E.I.
North Carolina State University
Toledo, OH - April 14, 2016

Ryan Winston, Ph.D., P.E. Jay Dorsey, Ph.D., PE. Amy Brennan
www bae ncsu edu/stormwater slii.?igﬁég(
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Typical Cross-Section

Evaporation

Surface
Runoff /

Concrete Pavers

Permeable Joint Material

Open-graded
Bedding Layer

Open-graded
Subbase
Reservoi

Drainage
Underdrain
(As required)

Optional Geotextile
Under the Subbase

_ _ N Uncompacted
Exfiltration Subgrade Soil
(Groundwater
Recharge)

www bae ncsu edu/stormwater ﬁl.?igﬁég‘



WILLOUGHBY HILLS

ORANGE VILLAGE

LAKE ERIE

TABULA

PERKINS TOWNSHIP | : r

L riel Watefshe —
=} S ]
tershe

ij\“w Ohig River
AN ij CRAvvFoso 2} ASEPAND \WAYN A
ICHLAND

Watersheds: I:l County Boundary
Old Woman Creek Watershed |:| Lake Erie Tributary Area

Chagrin River Watershed Partners, Inc. :
PO. Box 229 - Pipe Creek Watershed Streams
Willoughby, Ohio 44096-0229 Chagrin River Watershed Interstates 0 10 20 40

440.975.3870 Miles

C)
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Willoug

by Hills

Large Application:

PP SA: 4420 ft?
Catchment Area: 0.22 ac
Run-on Ratio: 2.2

www bae ncsu edu/stormwater

Small Application:

PP SA: 480 ft?
Catchment Area: 0.08 ac
Run-on Ratio: 7.2
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Perkins Township

|||||||||||||||||||||

Site Characteristics:
PP SA: 2590 ft?
Inf. SA: 4820 ft?
Catchment Area: 0.53 ac
Loading Ratio: 4.8

www bae ncsu edu/stormwater 000 TG INEERING



fod Loading
== Area(m?) Area (ft?) Ratio

0 0.0
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Design Cross-Sections

| — 3" UNILOK—ECO PAVER*

= 2" 0DOT NO. 8 CLEAN

1 WASHED STONE NO FINES*

T 6" OPEN GRADED, CRUSHED, DOUBLE
WASHED ANGULAR NO. 57.+

-

0:0 ?'-‘” 15 ““"_Mﬁiﬁﬁ .ﬁﬂ%ﬁ?ﬁw No. 2*
%T;;?EH 609 cuRs, 6 In $ .- Tl s - o o L
WW AAAATA S 2" ODOT ITEM 703.06 SAND*
CDOT 204 PROOF ROLL*
TENSAR BXTIO0 Bi—AXIAL GRID*
E" PERFORATED UNDERDRAIN*
SCARIFY SUBBASE AFTER PROOF ROLL
(SEE NOTE)**
POROUS PAVEMENT TYPICAL SECTION
Site WH Small WH Large PT oV
Total Aggr
otal Aggregate 4 20 15-18 23-29
Depth (in)
Pavement Type PICP PICP PC PICP

www bae ncsu edu/stormwater :Iil.‘?egﬁég(
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Monitoring Design

Quantify the water balance for each stormwater control

Water Level Logger
~ range: 0 to 9 m (0 to 30 ft)
P/N: U20-001-01 S/N: 9738918

www.onsetcomp.com
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Post-Construction Drawdown Rates

I.5" diameter PVC (typ.)
Circular Monument Box, Frame, with threaded end cap.

4 Grate (Similar to EJ1563) Drill 4" holes as shown.

| \

\(--\
Permeable Pavers — //
#75 stone bedding course ———

| / VVegetated :'
Area -

#1 or #2 open graded stone——mm—

14

Jos

underlying soll -

PVC end cap— — 7 ~
underdrain FPVC end cap

Note: This cross-section 1s provided to
give two options for internal water level
monitoring. The design engineer should
provide quidance to the contractor as to
which method should be used for their
particular application.

| Water Level Logger
s (- "~ range: 0 to 9 m (0 to 30 ft)
i P/N: U20-001-01 'SIN:.T 9738918

, ! www.onsetcomp.com

Courtesy: Onset Computer Corporation, 2014

AV AV A A v ro i B AT I U B iV AU VRS I AV IR R R AL A e i e |
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Soil Testing

. . Subgrade Soil Measured Kfs
Site Mapped Soil Texture (in/hr)
Perkins Township Bennington Silty Clay Loam 0.01, 0.01, 0.04,0.05
Orange Village Wadsworth Fill 0.01,0.03,0.05,0.06, 0.72,
1.54
Willoughby Hills Mahoning Fill Small=0.01, 0.05

Large — 0, 0.01, 0.04, 0.06

za - e o

W.a.ncsu.u ormw e : ‘ - ENGINEERING
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Comparison of Drawdown Rates

Pre-Construction Avg Post-Construction

>ite Name Kfs (in/hr) Drawdown Rate (in/hr)
Perkins Township 0.01-0.05 >»0.013
Willoughby Hills Small 0.01-0.05 >»(0.002

Willoughby Hills Large 0-0.06 > (0.002, 0.006

Pre and post-
construction
rates comparable

WWW .

GGGGGGGGG
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Drawdown at Perkins Township

0.3

Drawdown was linear:
025 ¢ Lateral exfiltration a
minor factor

Drainage

A
\

o
o

Top of IWS Zone

O
=

Water Table Depth (m)

0.05 \

) I
Exfiltration/Evaporation

0

Underlying Soil Interface

4/9/2014 4/21/2014 5/4/2014

www bae ncsu edu/stormwater

5/16/2014 5/29/2014



Water Balance Summary

]/‘ Drawdown Loading v it Exfllt;atlon
L) ks £ 131 9 (‘V)g Rugort Evaporation &
(in/hr) - Exfiltration ¥ (%) P((y) f
PT 0.013 4.8 47 0 53
g 0.002 7.2 76 8 16
J small
}
N 0.004 2.2
large

N/A 0

OV
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Surface Runoff at Willoughby Hills

e 7/17/2014 event o ]
* Rainfall Depth = 0.2 in A
. . . . e N
* Peak rainfall intensity = 0.35 in/hr S ﬂ
— g
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Why: Shallow Concentrated Flow

Lesson: consider
curbing of medians
in design and how
that might
concentrate flow




Discharge Threshold

< Perkins Orange o WH Large WH Small

120000 7 Discharge Threshold
PT 8.8 mm (0.35in) ¢
100000 & WH Small 2.8 mm (0.11in)
WH Large 5.1 mm (0.20in) }
= 80000 - oV 25.1 mm (0.99 in)
Q
£ o
£ 60000 pd e
g ///
o
3 0000 E £ o °
= :x 8 ° -
ey =Y=) a o~
20000 i - o o @
0 —¥F =T R = T T T |

Rainfall (mm) :
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Design Characteristics
Critical to Performance

. Mapped Subgrade Soil Measured Kfs
Site . .
Soil Texture (in/hr)
PT Bennington  Silty Clay Loam 0.01, 0.01, 0.04,0.05
OV  Wadsworth Fill 0.01, 0.03, 0.05, 0.06, 0.72, 1.54
Small-0.01, 0.05
WH Mahoni Fill ’
ahoning ! Large — 0, 0.01, 0.04, 0.06
| — 3" UNILOK—ECO PAVER*
b 2" 0DOT NO. 8 CLEAN
_ WASHED STONE NO FINES*
T 6" OPEN GRADED, CRUSHED, DOUBLE
‘%}f_{ ':r o ‘-?':3" WASHED ANGULAR NO. 57.%
.-: ﬁ g & ;g(g\ré —————15" TO 21" OPEN GRADED, CRUSHED,
T e e e A e T e T e T T DOUBLE WASHED, ANGULAR No T AND Mo, 2*
ODOT ITEM 609 CURS, 6” $ -0
TYPE 6, .*._.. ..,,: ‘. .n..n : x “Sx : .‘" a1
AANAAANAA Y T T 2" ODOT ITEW 70306 SAND*
Zero Run-on 000T 204 PROOF RoLL*
TENSAR BXT100 B—AXiAL GRIO*

6" PERFORATED UNDERDRAIN® Ag(
wWW\W e d PPN S IR d S 4 PR  AEAEE SR § NG



Mt ’,
i £ - -~ a
% . o m—
| ———————— ‘

Q, Mitigation during Peak Rainfall |
Intensities —

2-5 storms with peak intensities
> 1 yr, 5 min storm for Cleveland, OH

PT WH Large  WH Small oV

rd 34-98 0-11 27-61 92-99
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Permeable Pavement Hydrology

 Permeable pavement reduced runoff volume
by 16-99%

— Surface runoff 0-24% of water balance
— Discharge threshold between 0.11 — 0.99 in.

— Varied based on underlying soil K_,, and abllity
to de-water IWS zone

* Greater run-on:
— More clogging
— Reduced hydrologic benefits

www bae ncsu edu/stormwater Elil.‘ﬁgﬁég(
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Willoughby Hills Water Quality Study

~

N

%  Catch Basin
Catchments
Permeable Pavement

Minor 0.3-m contour
-~ Major 0.3-m contour

ENGINEERING
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- T

3 monitoring locations:
A) Asphalt runoff

(representative of inflow to
the PICP)

B) Underdrain of WH Small
C) Underdrain of WH Large

ANWW . DAae n ) 10 Ormwwa
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Nutrient Concentrations
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Spring 2015 Monitoring...

[
D —
oo
i
D —
o © ¢ Asphalt
2 5 £ Small Effluent
—= g 7 “ Large Effluent
o
o
— o A *
D —
R A%}Jﬁ Ao
}{
4 o py
o — SR G o o oA
[ [ [ [ | [ | [ [ | [ | [ |
= = = = =1 = =1 = L2 L L) LiTs L L)
o 5 3 =4 o o = o = o = o o 5
= = ey o O = 0 = L = <L = =S
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‘woncentration (gl Concentration (mg/L)

oncentration | pgfil)

Export of sediment = Export of metals
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June 10, 2015
Water Quality Samples

Control Site

g
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Particle Size Distributions
(June 10, 2015 Event)

= _
= . Particle Size (pm)
—_— Asphaﬂ Sratistic Asphalt | Large R1 | Large RZ | Small R1 | Small R2
LEI.FQE R1 tyg 19.1 0.5 0.5 0.6 0.6
QD o dsg 107.6 6.3 6.8 8.7 6.8
J) o 4 LB.FQE R2 Mean 124.3 10.2 10.5 16.1 11.3
E Small R1 g 250.0 23.0 26.6 6.9 29.8
= | /- Sma” RE Standard Deviation 87.5 13.8 12.3 19.4 13.5
QD Statistic Percentage
O <2 pm 1.9 28.1 26.4 22.5 5.3
b w0 2-50 pm 28.0 68.1 72.0 70.2 72.1
Sf =50 um 70.2 3.8 1.6 7.3 21
&) Clay Silt ) Sand
% < - < >
=
S -
_,_;.5-1#-\:\-"-M \
O — e
I I I I I I I I
0.02 0.05 02 05 2 D 20 50 200 500 2000

Particle Size (um)
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Winter in Northeast Ohio




Lots and LOTS of salt

Cargill’s massive underground complex

From their site above ground on
I 1 Whiskey Island, Cargill Inc.'s
' approximately four square mile
| salt mine goes straight down
! 1,800 ft. and then

R Eld extends north and
: Ry west beneath
I T Lake Erie.
| -—
vy | L ks
A==y 4
N I | -
S [ 1
3 I | = -
oy 1o o Jal |
: f= ey 1! Y
A b= )
I 1% Cargill Salt Mine 3
: | ! n
L I S o s ]
). : \ =
Fol il : |
j. I \ Lt
|
TS ¥ |
I._I '\ _-|
_\-_| \ |
4
If\_\ )-‘-l_\\: I_ ---------- iC
: Tt DOWNTOWN
- ~
| A
I 2% CLEVELAND
\
!.. ANE N
“ ("J \’/)
q // | } ('u_l}ll/un,:.'l River
<
. v Whiskey Island

- P Cargill's above-ground

Source: Cargill and the Cleveland Plain ESP =
: Dealer (Ca + Mg + K + Na)Exc

DI1®
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How Do Elevated SAR/ESP Affect Soil?

« “Caking” of fine-textured solls, reducing
permeability and infiltration rate (e.g., Frenkel et
al. 1978)

— Increases soil dispersibility

— Impact of rain drops causes greater
dispersion

— Deflocculation of clay particles (especially in
2.1 clays)

www bae ncsu edu/stormwater Elil.‘ﬁgﬁég(
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Negatively charged Soil Negatively charged Soil
particle surface solution partucle surface solution

2 B

‘?

gl
LS

These effects are

\

=z
m.

% ég- ; especially true

( /;aﬁ </ U when:

?;%E,T; N $ * No topsoil (OM) to
;<>3, 9, o stabilize the soil
%2;* = % >_<;;Q : 7« Nearly 60 cm cross-
3<>3, = 9<>3-g,~.. P section at WH
k)}? :a ;g:g; g‘? . * B Horizon->little OM
’/ \39 ’/ \Qi - :: $0,”

Courtesy: University of New South Wales
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Potential Design Recommendations

« Test underlying soll for dispersion under sodic
conditions prior to permeable pavement design

» Use another de-icer (CaCl,, CMA, sand, gravel)

* Perhaps line systems over dispersive/high clay
content solils where NaCl deicing salt use Is
expected

— Treat as dry detention basin, eliminate
exfiltration

e Structural concerns over time due to loss of
sediment?

www bae ncsu edu/stormwater E‘%&ﬁég(
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Lessons Learned:
Design and Construction
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Pre-Design

 Clarity of goals
« Familiarity with site (topo, soils,
utilities, history and future = =
development) is critical e g oam
« EXxposure to LID practices —
reality check for client/site
owner
— Appearance/aesthetics
— Maintenance commitments
— Cost and benefits

— Outside funding (e.g., SWIF, 319)
nice incentive

www bae ncsu edu/stormwater




Pre-Design

x vaes basng ¥ o G |
* Inventory/locate existing 2 |f*‘*“”f54-:m—9 3” |
infrastructure - ' ";‘“_T \ +§ :!:'E
« Evaluate available outlets S E_ 3{"‘
* |dentify drainage from offsite -\'??\f . a-wj'll'
. Visit the site eI TENE
— Site survey/site map reality
check
— Conduct a preliminary soils
Investigation

« Assume Iinfiltration tests will be
necessary in built areas

www bae ncsu edu/stormwater Ble&u&g
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Design - General

« Engineer(s) familiarity with LID practices,
their function, design procedures

« Many functional components at odds I
with traditional stormwater o

=
vn

« Openness to unfamiliar ideas/concepts

o
f=]
W

Flow Rate (cfs)
=
o
3] e
Rainfall Depth (in)

« Clear guidance for sourcing and verifying )
materlals — pavement and aggregate 1zo0 AM 1200 PM O 1200 AM 12:00 PM

Date/Time

* Be as specific as possible

« Require testing/inspection for
acceptance

www bae ncsu edu/stormwater
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Permeable Pavement Design

* Internal water storage (storage
below the underdrain) is strongly
encouraged to promote exfiltration
and runoff volume reduction

— Upturned elbow vs. raised
underdrain

.

www bae ncsu edu/stormwater
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Permeable Pavement Design

« Level subgrade maximizes exfiltration through even
ponding
— For sloped areas, use terraced design
— Add check dams and raise underdrain to provide sump

_,J

?‘—; L}%@ﬁ{#i A S
;?“ﬁgéé?g @l Qg%?/%% Ué? Lf‘ﬂ Li SR

rlrrda et
_% -, <S5 Q?% - (_J(i}t_; i}@{}@ J“}c_ ;

.
_ H. ! |§ ! .. @c;c@ca - % c_ __

Surface Course

Aggregate Base

Baffles Provide
Even Treatment

Subgrade

Note: Baffles to be min 30 Place stone beneath PVC
mil PVC liner, tied 6" into liner to create desired shape
underlying soil

www bae ncsu edu/stormwater :Iil.‘?zgﬁég(
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Permeable Pavement Design

« Clear guidance for sourcing and
verifying materials

 Locally available materials

* Clearly define
criteria/expectations and specify
right to reject/return any
materials that don’'t meet specs

» Specify washed, angular limestone for
base

 Define what “washed” means — hand
wash or double wash

www bae ncsu edu/stormwater :lug.;l.%&ég(
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Permeable Pavement Design

* Design for constructability

— Curved permeable paver designs
more expensive to install

— Mechanical installation reduces costs

— Account for settling of pervious
pavers adjacent to asphalt and
concrete

DOC,
ENGINEERING
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Permeable Pavement Design

* Design for maintainability

« Create separate snow storage area so snow isn’t stored
on permeable pavement

"X -RETENTION CEIL
| ™ A5 PER DEPAL
FELE 12 = 15

F Frn B TETE
T OF BEAM MRS PP e EN-H-Ed

I ML SEALE
VAT R N
.. SEUCHE WESETATOW
"1 AR REEDED
|
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Permeable Pavement Construction

* Pervious concrete

— Protect with plastic sheeting
during curing — plan for worst
case scenario (2 days of 30 mph
winds)

— Wetting subgrade may improve
appearance and reduce raveling
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Permeable Pavement Construction

« Materials - Orange Village permeable pavers

* Permeable paver subbase stone was rounded & unwashed
despite specification on plans for washed, angular limestone

* Experienced paver contractor placed pavers but not subbase

www bae ncsu edu/stormwater ﬁlﬂgﬁég‘
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Permeable Pavement Construction

Execution of design:

* Pepper Pike City Hall — installation errors
can make a big difference!

www bae ncsu edu/stormwater Elil.ﬁgﬁ‘ﬁ‘g(
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Construction oversight with
knowledgeable staff Is critical

Proactive communication needed through plan
set development, contractor selection, pre-
construction, and construction

www bae ncsu edu/stormwater Elugcl.?zgﬁég(



Pre-Construction Meeting

* Review plans with designers, owners, contractors and
Inspectors
— Construction sequencing and practices

« Erosion/sediment control and site stabilization to prevent
clogging
« Avoid subgrade compaction/scarify underlying soils

« Clarify which work will be performed by specific
equipment, and which work must be performed by hand

— Material specifications and expectations
— Monitoring equipment installation (if applies)
— Design engineer verification at critical installation points

Ble&Ag‘
www bae ncsu edu/stormwater 000 TG INEERING
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Lessons Learned: Summary

Pre-design
 Clarification of Goals
 LID reality check

* Thorough site

outlets, solls

www bae ncsu edu/stormwater ﬁl.?i&.ég(
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Lessons Learned: Summary

Design

* Be as explicit as possible —
materials, equipment, sequencing

» Design for constructabllity
* Design for maintainability

www bae ncsu edu/stormwater Elil.‘ﬁgﬁég(
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Lessons Learned: Summary

Construction

« Contractor experienced in LID construction and
Interested Iin getting it right

* Oversight by someone who
understands the project

* Thorough, ongoing
communication

* Willinghess to

reject/return materials

www bae ncsu edu/stormwater



Questions?

Bie

www bae ncsu edu/stormwater m.uegsam&gn



