THE OHIO STATE UNIVERSITY

Commercial Gl Retrofits:
Construction, Performance, and
Maintenance

Ryan Winston, PhD, PE, Ohio State University
Erik Petrovskis, PhD, PE, Meljer Corporation

Don Carpenter, PhD, PE, Lawrence Technical University
lan Simpson, EIT Ohio State University
Alec Grimm, Ohio State University

Ohio Stormwater Conference — Sharonville, OH
May 10, 2019



[- THE OHIO STATE UNIVERSITY

® Stormwater Management Program

Meijer Background

1
B L

e 237 stores In six states

e 5 distribution centers and 6 food manufacturing
plants
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Current LID/GI Practice

ST279 Manistee, M.
- Test site for porous pavement Ty amrr
« Additional LID/GI practices ) o
 Cost competitive

« Comparable maintenance
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Meijer Goals

 Document site data requirements for
Incorporating Gl into the environmental site
screening process.

— Minimize overall data collection efforts and
expenses during site screening and assist early
site design efforts.

e Gl site suitability manual, Gl design
guidance manual, and supporting documents
and tools.

 Develop test case sites for Gl
— Collect performance/maintenance data
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Site Suitability — Meljer

Site Suitability for Green Infrastructure Flowchart

1) What types of soils are present on site?

ﬂ ﬂ ﬂ NOTE: The flow chart does not represent a full set of

considerations or questions on whether Gl will meet

A/B c

local permitting requirements.

LEGEND:

2) What is the local seasonal high groundwater elevation?
= Favorable condition for Gl

ﬂ' ﬂ ﬂ implementation.
] [eoers | [
Yellow | _ G is possible but the design or

regulatory approval process might be more
3) Is the site located in a CSO area or in an area difficult.

under a USEPA consent decree?
ﬂ - = Difficult condition for Gl
ﬂ implementation.

4) Do local regulations restrict the use of green
infrastructure in site development?

U

Yes

No
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Site Suitability — Meljer

5) Do local regulations specify that green infrastructure
be required or incentivized as part of site development?

I l

No

6) Do local regulations specify a range of hydrologic design conditions such as
groundwater recharge volume, required infiltration, or a water quality volume?

l l

Yes No

7) Are there other special conditions that might prohibit the use of GI?

l l

Yes No

8) Are there other special conditions that might promote the use of GI?

I ]

Yes No
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Meijer Guidance Manual

Introduction to Gl technigues and tools for
Meijer Site Adapt Civil Consultants

Infiltration based Gl design guidance and
prototype elements

Cost estimate information
Maintenance information
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Bioswales

CHECK DAM

BIORETENTION PLANTS ,
(LARGE STONES OR SPECIFIED BY LANDSCAPE 3 — 4 WOE
CONCRETE WEIR) ARCHITECT GRASS BUFFER

1V:5H SLOPE,

3" SHREDDED TYPICAL

HARDWOOD MULCH

PARKING LOT SURFACE

FREEBOARD
PONDING DEFTH, d,

PLANTING SOH, day

OPTIONAL STONE, dstre i

STONE MUST BE MINIMUM 2’
ABOVE SEASONAL HIGH WATER
TABLE

SUBGRADE OPTIONAL UNDERDRAIN
SEE DETAIL GI-10 AND GI—11

{4

SEASONAL HIGH WATER TABLE

BIOSWALE TYPICAL SECTION

NTS

Cl=5
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Infiltration Basins

FPARKING LOT SURFACE

FREEBOARD j\,_\

PONDING DEPTH, d,

OPTIONAL €" COMPOST LAYER -

SAND DEPTH, dsgng

SAND MUST BE MINIMUM 2

SIZE TO PROJECT REQUIREMENTS

LANDSCAPE ARCHITECT SPECIFIED
LOW-MOW GRASS MIX (2—4 OVERFLOW

OPTIONAL CUTTINGS PER YFAR) STRUCTURE

3 — 4" wpE
[GRASS BUFFER

CONVENTIONAL STORM PIPE q

ABOVE SEASONAL HIGH WATER
TABLE

SUBGRADE

SEASONAL HIGH WATER TABLE

\—GF‘ TIONAL UNDERDRAIN

UNDERDRAIN VALVE

SEE DETAIL GI-8, GI-10, AND GI-11

10
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Permeable Pavement

FOR EDGING OFTIONS SEE GI—12, GI—13, AND GI-14.

1-1/2" PERMEABLE SETTING BED AGGREGATE: OPEN—GRADED,
UNILOCK PERMEABLE PAVERS SURFACE WATER FLOW CRUSHED, ANGULAR STONE;
R ASTM NO. 8

6" MIN. PERMEABLE BASE AGGREGATE:
OPEN—-GRADED, CRUSHED, ANGULAR
ASTM NO. 57

PERMEABLE JOINT OPENING AGGREGATE:
OPEN-GRADED, CRUSHED, ANGULAR STONE
ASTM NO. 8 OR 1/8" TO 3/16" GRANITE CHIP (2-5 MM)

16" MIN. PERMEABLE SUBBASE AGGREGATE:
OPEN—GRADED, CRUSHED, ANGULAR STONE
ASTM NO. 2

GEOTEXTILE MATERIAL; INSTALL AS DIRECTED BY A PROFESSIONAL ENGINEER

SUBGRADE MATERIAL:
MIN. CBR — 5% (COMPACT If LESS THAN 5%)
SLOPE TO DRAIN

UNILOCK HD—=HIGH INFILIRATION PERMEABLE PAVER SECTION

NTS

GI—16
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Bioretention Cells

SIZE TO PROJECT REQUIREMENTS

CONCRETE WALL & '
CURB WiTH CURB CUTS BIORE E";ﬂ%‘\
SPECIFIED BY )
LANDSCAPE AV
PARKING LOT SURFACE | ARCHITECT (R
FREEBOARD | | & % %
PONDING DEPTH, dy |1 RN T T T
 d, ;
3" SHREDDED HARDWOOD MULCH Mfﬁgﬁf;ﬂ f*g d?v %Cnﬁéﬁiw
ATCH BA
PLANTING SOIL, dsyy CATCH BASIN

OPTIONAL UNDERDRAIN
Y SEE DETAL GI—10 AND Gf—nm""w"iq-gmw FPIPE

OPTIONAL STONE, dstone

STONE MUST BE MINIMUM 2°

SUBGRADE GEOTEXTILE BETWEEN SOIL AND
ABOVE SEASONAL HIGH WATER ‘\ STONE DRAINAGE
TABLE NON—COMPACTED SUBGRADE
) = SEASONAL HIGH WATER TABLE SEE NOTES

ot PARKING LOT BIORETENTION CELL TYPICAL SECTION

NIS
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Meijer Parking Lot Retrofit

CB 1.8 ' CB 1.11

DA=1.02 ACRES DA=1.49 ACRES
IMPERVIOUS=0.94 ACRES IMPERVIOUS=1.00 ACRES

C=0.85 C=0.68

ce 1.9
T/G=994.86

CB 1.1 ! l \
1135 SF

L]
CB 1.9 \ BIORETENTION —
1641 SF ¢ j 6 SPACES Y JUM
PERVIOUS & 5e REMOVED

PAVEMENT ALL
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Gl Design

Permeable Pavement Bioretention

1] 10 z0
e e |
. an SRR SFOTE . ) o [— Eﬁgmrlté i Scale in Feel
1 ;;::.l.u'- WOHLMENT l || F 1A J:"- » WLIFE Tafu F “x\‘\l_l
Lf‘ SIZE TO PROJECT REQUIREMENTS
— BELGARD PERMEABLE PAVER BLOCK——| CIRCULAR MONUMENT
BOX, FRAME & GRATE & IN WIDE X 12 IN
AASHTO #8 OR #89 AGGREGATE—\ (SIMILAR TO EJ1563) DEEP RIBBON CURB
ST ST H—

\ EXPANSION JOINT—\
8 IN FOR PAVERS AND BEDDING COURSE L |

M|
4 IN STONE BASE DEPTH

AASHTO #57 CLEAN ANGULAR (NO FINES) 6 IN OF AASHTO #57 wix
STONE BASE SHSTNG

4=

T 000
o g o

v

o
3
i
£
a

1.9 FT STONE SUBBASE DEPTH
e LAYER OF 2—3" CLEAN STONE
(AASHTO #2 OR #3)

T 00
a o o

B e ee] SEE Gl-9 UNDERDRAIN

= -
6
had CONNECTION DETAIL

g 0.5 FT d
{ *
WATER TABLE WELL THEE

SEE GENERAL NOTE 2 FOR 1" DIAMETER PVC (TYP.)
,\._\\1 SUBGRADE PREPARATION DRILL 3" HOLES AS SHOWN.

0

PVC END CAP

|‘._-; ¥ scalE vaed S
&



() Lo Outo Stae Univemsrry

® Stormwater Management Program

Permeable Pavement Construction
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Initial Bioretention Design

SIZE TO PROJECT REQUIREMENTS — SEE PLANS

4 5 ft d ee BIORETENTION
. p PLANTS  \ | b1V 5H SLOPE
~ SPECIFIED BY  \| | 7 meca
LANDSCAPE /. - J

CroSss- sectlon

6" FREEBOARD
6" PONDING DEPTH, d,
3" SHREDDED HARDWOOD MULCH

W ARCHITECT

EXISTING CATCH
BASIN TO REMAIN

2" PLANTING SOIL, deyy : = \///-;< \\/
. 1 X : FOR UNDERDRAIN
3" PEA GRAVEL CHOKER LAYER \\M S ”N/_ SEE DETAIL EXISTING STORM SEWE] g(%
1" STONE BASE, dstone PP 44_,“; )co=0-0-0:9 /\//
’ TN A SONVAVAN AN 4
0.5 NN é{ //\/\ N ‘\\.\.- _;\\//B\ \\/
AR % AL
SEE GENERAL NOTE 2 FOR SUBGRADE—A/ /s A S IR TABLE L ,\\\/ A NON-COMPACTED SUBGRADE
PREPARATION RILL \/ 817 DIAMETER PVC (TYP,) LSS SEE NOTES

DRILL §" HOLES AS SHOWN.

BIORETENTION CELL ON GRASS TYPICAL SECTION

NTS

GI—6
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Site Soil Conditions

e Organic
layer to
18"

 Clay saoll
below
18"

e Water
table at
~5 ft bgs
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Changes to Design:
High Water Table

SIZE TO PROJECT REQUIREMENTS —
SEE PLANS

BIORETENTION L—1V:5H SLOPE, TYPICAL

/ PLANTS

CONCRETE WALL & CURB WITH

CURB CUTS L—EXISTING CATCH

BASIN TO REMAIN

Nz
| ™~~—3" sHreopen

HARDWOOD MULCH

COMPACTED AASHTO #57 STONE BkSE-—’“'/ EXISTING STORM SM 2 ft Of

LW,
0.5 SN
| \—SEE GENERAL NOTE 2 FOR
SUBGRADE PREPARATION .
WATER TABLE WELL S e p a.ratl O n
PVC END CAP 1" DIAMETER PVC (TYP.) DRILL

|

PARKING LOT SURFACE
6" PONDING DEPTH

2.5" BIORETENTION MEDIA

}" HOLES AS SHOWN.

BIORETENTION CELL TYPICAL SECTION

NTS

Gl—6

BIORETENTION MEDIA
3" PEA GRAVEL CHOKER LAYER
& OF 457 STONE | UNDERDRAIN 4" PERFORATED RIGID SCHEDULE 40 PVC OR SDR 35.
SURROUNDING . UNDERGRAIN 3/8" PERFORATED ON 12" CENTERS, 2 ROWS, © 5 AND 7
ON ALL SIDES T——C\‘J O'CLOCK, RESPECTIVELY. 0.5% SLOPE MINIMUM.
T———DOUBLE WASHED AASHTO #57 STONE

UNDERDRAIN DETAIL

NTS

Gl—7
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Bioretention Construction

meyer -
e o T —




THE OHIO STATE UNIVERSITY

Stormwater Management Program

G| Characteristics

L Bioretention Permeable
Characteristics
Cell Pavement
Catchment area (ac) 1.49 1.02
( HYDRAULIC CEMENT WATERTIGHT CONNECTION L 092.2
N SOLID (NON—PERFORATED) UNDERDRAIN ELBOW I_g;(’;M 3 1641
c TOP
<  UNDERDRAIN 4" PERFORATED RIGID SCHEDULE OF 0
40 PVC OR SDR 35. 3/8" PERFORATED ON 12” \ | [CASING
]  CENTERS, 2 ROWS, @ 5 AND 7 O'CLOCK, —]1 1575
RESPECTIVELY. 0.5% SLOPE MINIMUM. y
II STONE DRAINAGE (— — TUNDERDRAIN J $éﬁc|:NHG L 25:1
/ LAYER (it e e BASIN 0
Fin imeuia ucpul Iy £.0 0
Gravel thickness (ft) 1 2.4

IWS zone thickness (ft)

12

6

Underdrain diameter (in)

Vegetation

4

Shrubs and
Forbs

4

None
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Monitoring Design
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Monitoring Design

e Tipping bucket &
manual rain gauges

 Weir & pressure
transducer in 4 catch
basins

— Weir equation used to
determine hydrograph

e 1-minute Interval
measurements
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Project Timeline

Construction of Gl
11/1/2017 U 11/21/2017

ey (R

« Monitoring equipment installed Oct 2016
— Data collection consistent throughout project

e 3 week construction window

 Baseline and retrofit monitoring periods
both ~1 year
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Observed Rainfall Events

3 &
5 . Penod_
—_ ® * Baseline
= e ® . » Construction
= Al Retrofit
[1+] E‘_«';"
Y D .
= ) o o ) Peak Rainfall
m J - -
14 _ ) Intensity (in/hr)
] o ; ® 1
44 2] ® 2
% @ o ® i
@ ® 6’. e & @9 ® 'ao
@ ® ¥ -
- O L ]
@ -&—% L - O 0
g ® o.o a2 ®
O ® ® ’E’“"‘{g_ - [ & o
e a® o o° - e e
® ® ‘__“'-"wl?f W 0 :
s S V., L2 o ...
0_

12/16 03/17 06/17 09/17 12/17 03/18 06/18 09/18 12/18
Date



THE OHIO STATE UNIVERSITY

® Stormwater Management Program

Runoff Volume

3_
£ 5. Minor initial Period
= abstraction, then Baseline
S rainfall = runoff Significant ~ Construction
= ) ) ~ Retrofit
14 . reduction in

/ runoff
0- P .
0 1 2 3

Rainfall (in)



Runoff Volume
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Rainfall Bioretention %
Period (in) Outlet (in) Reduction
Baseline 33.04 30.74 7.0
Construction 4.33 1.84 57.4
Retrofit 24.31 6.61 72.8
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Runoff Volume with Time

1.2-
A/
e
©
14
= 0.8- )
8 Period
= Baseline
N - Construction
E . * Retrofit
@) 04_ .
c H
= .
m [ ]
. L - .-. . *
0.0- e & s
2017-01 2017-07 2018-01 2018-07

Date
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Runoff Volume

3- Minor initial
abstraction, then
rainfall = runoff

— 2-
: -
= Period
b= R Baseline
o ™ No significant ~ Construction
é 1- difference from = Retrofit
baseHne_
0_

Rainfall (in)
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Runoff Volume

Rainfall Perm. Pave. %

Period (in) Outlet (in) Reduction
Baseline 33.04 30.35 8.2
Construction 4.33 3.99 7.9

Retrofit 36.02 31.82 11.7
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Peak Flow

12-
Nl
L
Q |
+ 8 .
o OverﬂOW Penod
= Events Baseline
2 ~ Construction
- ~ Retrofit
4
X
© .
o Drainage

only
0_
0 1 . 3

Peak Rainfall Intensity (in/hr)
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Peak Flow

6_
L
L
g Clogged
[ 4' .
Y Period
& Baseline
9 ~ Construction
=) ~ Retrofit
X 2
=
@
@
o

0_

0 1 2 3

Peak Rainfall Intensity (in/hr)
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Practical Challenges

[ Al '[ ;."".'-'J"f '

 SOP for plow drivers:

— Move snow as far
from store as possible

— Often adjacent to
parking lot islands

— Near drain to prevent
re-freeze

— Particularly for
bioretention, created a
storage spot for them!




Reynoldsburg Meijer

Permeable Pavement Testing Locations

—

THE OHIO STATE UNIVERSITY
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Infiltration Rate Testing

Quarterly testing at 6
locations

— Inform maintenance
— Hot spots for clogging




THE OHIO STATE UNIVERSITY

Stormwater Management Program

Maintenance Test

e Site was 17 months old at time of
maintenance
— No previous maintenance
— Moderately clogged (5-150 in/hr)
— Maintenance performed April 25, 2019

— 5-15 passes with regenerative air street
sweeper

— Maintenance took 45 mins + 15 mins to add
new chip stone
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Maintenance
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Maintenance Results

ASTM Test
Location Date Inf Rate (in/hr) Date Inf Rate (in/hr)
1 27.7 2.1
2 142. 10.4
3 5 73 s 4.2
A 4/24/2019 4.9 Maintenance 4/30/2019 9.7
5 53.8 35.2
6 27.8 10.5
Simple Infiltrometer
Location Date Inf Rate (in/hr) Date Inf Rate (in/hr)
1 20.7 7.2
2 144. 25.
3 :427 2 5575
4 4/24/2019 24 4 Maintenance 4/30/2019 10.9
5 92.0 55.9
6 26.1 11.6
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Summary of Maintenance

Decline in infiltration rate following
maintenance at 5/6 testing locations

— Have not observed this in ~5 rounds of
pre/post infiltration testing since 2014 when
using a regenerative air sweeper

— Perhaps related to rain during maintenance?
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The Path Forward...

Continue to monitor and maintain Gl at
Reynoldsburg store in support of Mejjer’s
sustainability mission

Does bioretention performance get better
with time?

Understand long-term permeable
pavement maintenance frequency/cost

See you at a future OH SWC!
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