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Overview of Rain Garden

o Rain garden location and watershed
. Rain garden design

¢ USGS project design

Data Analysis — Rain garden effect on:
. Storm volumes

. Peak flow

. Event duration

. Water temperature



Rain Garden Location = | Drainage Basin
Area = 16 acres

Land Use

Area
(percent)

Forest

37%

Lawn/Ag

24%

Flat Roof

10%

Road

9%

Parking Lot

8%

Playground — Paved

4%

Sidewalk

4%

Gravel

3%

Pitched Roof

<1%

Pervious

61%

Impervious

39%

City of Lodi, Columbia County, WI







The rain garden is made up of 3 cells, an image of which is displayed on a later slide.
This image represents the design details for one cell. The 4 inch under drain carries
water to the creek after the water has moved through the topsoil and filled the course
aggregate space. Once the cell fills with water it spills over into the next cell through
the pathway shown on the right side of the image.









Cell A

Rain Garden Construction:
Completed construction with spillways



RAIN GARDEN SPECIES

SHRUBS COMMON_NAME SCIENTIFIC MAME NMBER of PLANTS
Serviceberry Ame lanchier grandiflora 3
Cornel lancherry Dogwood Cornus mos 1
Red Osler Dogwood Cornus sericea 4
Yellow Twig Dogwood Cornus sericea flaoviromeo 4
Americon Hazelrut Corylus omerlcona 3
Cutleaf Sumoc Rhus typhing iociniato 3
Elderberry Sombubus canadensis 5
Amer icon Cronberrybush Viburnum Viburnum trilobum 2
TOTAL - 25

46, 47, 48, 43,50, 51,5P. 53,54, 55, 56, 57, 58,59, 60, 61,62, 63

L 8.9,00, 1, 12,13, 14, 15, 6. 7. »A&za.n.ua.zc.anmaannuumsm;&a«ucu:.ﬂL

A detailed plan was developed for the placement of shrubs and surrounding landscape
grading.
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NUMBER of PLANTS

CELL A

RAIN GARDEN SPECIES
SCIENTIFIC NAME

Plant Rain Garden

School District Project to ﬂ

37
44
53
&6
14
1
2
[
61
60
B9
63
TOTALS - 1381

| SCALE. FEET "] SHEET O

Dalec (Petalosemum) purpurea

Eeninocsa pallide

Corex stricto

Aster novoa-onglioe
Trodescantia chisnsis
Dodecatheon meadia
Carex comosa

Baptisia lactea
Eryngium yuccifolium

Corecpsls palmoto
Ascleplos tuberoso
Hellanthus occldentolis
Liotris aspera

Silphium terebinthinoceum

Solidago speclosa
Bouteloua curtipendula

Lipinus perennis
Penstemon digitalis
Silphium perfoliatum
Koslerla moorantha
Schizochyrium ScoparLum
Sporobolus heterolepis

Andropogan gerardl

Pale Purple Coneflower

Rattlesncke Moster
Western Sunflower

Rough Blazingstar
Lupine

STLTf Coreopsis
Butterflyweed

New England Aster
White Folse Indige
Purple Proirie Clover
Smooth Penstemon
Little Bluesten

Proirie Dropseed

Prairie Dack
Showy Golderrod
Spiderwort
Sidecats Gramo
Jure Grass

Big Bluestem

Sneotingstar

CEDUOWL UMDY

ADOITIONAL QUANTITIES SHOWN ELSEWHERE IN PLAN

FORBS.

RAIN GARDEN PLANTING DIAGRAM

53

Ratibida Pinngta

Yellow Coneflower
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A detailed plan was also developed for plant species and placement for each cell.
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- Y- W Total Flow Entering Diversion Structure

During a rainfall event, all of the water that runs off of the watershed enters storm sewer
pipes which lead into a single manhole. In the manhole, there is a diversion structure
which sends some water to the rain garden and excess water to a pipe which bypasses

the garden (shown in next slide).



£
Stormwater enters the manhole through a submerged pipe approximately 4° below a 1°
diameter pipe that leads to the rain garden. During a storm event, water rises to the level
of this pipe and begins to flow to the rain garden. If water rises above the height of the

concrete bulkhead, it spills over the wall and the excess water 1s discharged to the creek
through the bypass pipe.
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¢ Total Flow Entering Diversion Structure

(D Water flows into cell A, filling the coarse aggregate layer.(2) Water infiltrates through
the soil to the under-drain that discharges to the creek. (3) Water fills cell A, reaches the
level of the rock spillway and flows to cell B. This path sequentially repeats for cells B

and C (cell C spillway empties to creek).



Outlet Station
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Monitoring equipment was installed at 3 locations, at the Inlet to the rain garden, at the
Bypass pipe, and at the Outlet from Cell A under-drain.
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The flow monitored by the USGS is highlighted in yellow. Any flow that traveled into
Cells B or C were not monitored, nor were infiltration or evapotranspiration.



Location of the Inlet station equipment enclosure, raingage, and solar panel. The
monitoring equipment is located beneath the enclosure in the manhole.



Location of the Outlet station equipment enclosure, flume, and solar panel.



Discharge (flow rate)
Inlet, Bypass, and Outlet

Temperature .
Inlet and Outlet

Precipitation
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This is a time series plot of all of the monitored parameters during a rainfall event in
July of 2008. The remainder of the slides will address the significance of these results

and how the rain garden affects these parameters
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During this event, 19,000 gallons of water bypassed over the bulkhead, 21,000 gallons

entered the garden, and 12,000 gallons exited cell A.
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Slightly over half (53%) of the total storm runoff enters the garden.
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60% of what enters Cell A infiltrates the soil and exits through the under-drain. The remaining 9,000 gallons
is either stored in the rain garden soil, infiltrates past the rain garden, or flows to the next cell(s). Although no
monitoring equipment existed in Cells B and C, there was little evidence that water frequently exited cell C.



Wi T [*C]

PRECIP [in]

20,0 —

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

17.5 4

Maximum rainfall in a 5 minute period occurs here /—-/"| Bypass Discharge

/| Inlet Discharge .
| Outlet Discharge
i i /| Precipitation R

| 2_ @OOO@ ------------------------- Inlet Temperature

120 —

15.0 —

- Outlet Temperature
13 — v
12,5 i
0
10.0 -
21,000 gal
’ ga |
a e i : T
i | | |
07 /07 /2008 07 /07 /2008 07 /07 /2008 07 /08/2008 Time t
08:00 P 10:00 P 1200 AR 02:00 A

A large portion of the storm bypasses the garden due to heavy runoff from a high-
intensity rain event. After the intensity lowers, the majority of runoff enters the garden.
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On average, 61% of all runoff enters the garden, showing that the garden is currently

receiving the majority of the watershed runoff.
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This is the same graph with the bypass discharge removed and the scales adjusted to

better show the relationship between the Inlet and Outlet.
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The maximum discharge at the Inlet is 7.5 times higher than at the Outlet. This shows

that the rain garden is effective at attenuating high flows*.
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*flows into and out of cells B and C are not monitored, so the outlet discharge does not represent the total
flow from the garden. However, each cell has the same size drain pipe, and there was no evidence that cell C
overtopped except in creek flooding conditions.




All Events - Peak flow
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All monitored storms showed this significant decrease in peak flow.

Note: Events where Outlet peak flow is disproportionately high represent flooding conditions where the creek stage rose
above the stage monitoring instrumentation
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The rain garden stretches out the duration of the storm, creating lower intensity events.
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Nearly all monitored storms showed a lengthening of event duration.



Flow Duration Stats

Averaging Over all 299 Storms:
* Outlet begins to flow 22 minutes later than Inlet
* Outlet stops flowing 3 hours 14 minutes after the Inlet

* Qutlet storm duration 1s 2 hours 53 minutes longer than Inlet duration
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The remainder of the slides will show:

* How water temperature changes throughout the storm at both the Inlet and the Outlet
* How the rain garden is causing the differences seen between the Inlet and the Outlet

* Why these temperature differences are important
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Progression of water temperature at the Inlet.

Note: This storm begins at around 7:00PM on a warm day in July and carries on into the early morning.
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Brown Trout Die 27°C
Rainbow Trout Die 25°C
Brook Trout Die 24°C

Thermal criteria for cold, cool and warm water streams in
Wisconsin:

Max Instantaneous = Max Daily

Temp Mean Temp
Cold water Stream <25°C <22°C
Cool water Stream 25-28 °C 22-24°C
Warm Water Stream >28 °C >24°C

Spring Creek is classified as a trout
stream.
Small changes in water temperature mean
big changes in fish habitat, especially
around the 25°C mark.

21-30°C

Optimal temperature range for
bass, sunfish, catfish, minnows,
darters, northern pike, dragonfly
larva

10-20°C

Optimal temperature range for
trout, sculpin, and larva of
mayfly, stonefly, caddisfly

4.5-10°C
Optimal temperature range for
brook and brown trout spawning

Information from:

Wisconsin Citizen-Based Stream Monitoring Report
Central Wisconsin Trout Unlimited

2006-2007 Level 2 Stream Monitoring Results
http://watermonitoring.uwex.edu/pdf/level2/reportCWTU.pdf
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The storm that has been presented in this slide show represents a storm occurring on a
warm day in the summer. Although all of the other parameters will respond similarly
regardless of storm time and ambient conditions (recall slides with water year data), the
pattern for temperature will change due to seasonal and daily temperature fluctuations.
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This storm occurs in the morning of a fall day. Although the outlet temperature is
higher than the inlet throughout the storm, temperatures are not near critical habitat

temperatures for trout (max Outlet temp 1s around 19.5 °C)
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In order to isolate trends in temperature change, storms were selected that had the above
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criteria.




Maximum Event Temperatures

Olnlet @ Outlet

~
O
o
@
k=
=
[
2
2
IS
2
©
o
=
(9
'_

Average Event Temperatures

30.00
25.00 ~

20.00 ~

: Miiliin,

These 40 storms were ranked by maximum and average Inlet temperatures in order to

identify the storms where critically high temperatures were reached or maintained.
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A division was found for both data sets where events warmer than ~20 °C showed
cooling between the Inlet and Outlet.
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The cooling of water greater than 20 °C is important for trout communities
(recall previous trout slide)
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The largest decrease in maximum water temperature was 4.3 °C
On average, for warm water storms, the max temperature was reduced by 1.5 °C
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The largest decrease in average water temperature was 1.8 °C

On average, for warm water storms, the average temperature was reduced by 0.7 °C
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On average, 61% of all runoff is reaching the rain
garden

Most of the water entering the rain garden is
infiltrating quickly to the drain pipe and exiting the
garden (at least 60% in our example)

Peak discharges are being attenuated

Events are being distributed over a longer period of
time

Temperatures are being reduced for critically warm
events







