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Presentation Overview

1. Stormwater and Green Infrastructure Monitoring

*  Overview of SW/GI Monitoring
« Continuous Performance Monitoring
« Examples and Case Studies

2. Stormwater and Green Infrastructure Control
* Introduction to Continuous Monitoring and Adaptive Control
« Case Studies

3. Questions



Stormwater and Green Infrastructure
Monitoring



Traditional & Continuous Monitoring

Manual Measurements
Manual Sample Collection

Frequency
Turn Around Time

Effort

Auto Sampling

On-site Data Logging
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Continuous Monitoring




Continuous Performance Monitoring




Performance Reporting of Gl

& > Mequon OptiStratus

Rain Events v

58.9hr

Event Duration

0.44 in/hr

Event Max Precipitation Intensity

0.515m¥/m?

Event Start Soil Moisture

1130gal

Event Soil Water Content Change

60.3°F

Temperature

Event starting: 2015-09-17 at 14:22 ¢

1.28in

Total Event Precipitation

1010gal

Watershed Runoff Volume

Ofts

Runoff Not Treated

1130gal

Treated Runoff Volume

0.12 fe/ft2

Treated Runoff Per Drainage Area

0.12fefee

Treated Runoff Per Soil Volume
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What does it look like in practice?




Milwaukee, WI
Greenfield City Hall — 7:20 am Today
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Requested changes may
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Dashboard Detail

Continuous Performance Monitoring

2’ > Greenfield City Hall
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Dashboard Detail
Continuous Performance Monitoring

2 > Greenfield City Hall
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Orange County
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Prado Wetlands

> Wetlands Monitoring &
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University Blvd Ponds - Silver Spring, MD

5:08 pm April 20, 2016

Control Panel



Real Time Water Quality Data
(baseline)

& > NFWF - University Bivd (WQ Display)
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Real Time Water Quality Data
(baseline)

> NFWEF - University Blvd (WQ Display)
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What was University Pond Doing While You Were Eating

Breakfast?

¢.’ 2 DRAFT Water Quality Display
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University Pond — Montgomery County

Q1-2016
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Direct Community Stakeholder

Engagement — Public API

P G ll PWSA PROVIDES THE BEST QUALITY WATER AT THE LOWEST POSSIBLE COST.
60 00 -

HOME WHOWEARE ~ WHATWEDO ~ CUSTOMERS ~ DEVELOPERS v BUSINESS ~ MEDIA ~ LEARNING CENTER ~

PWSA AW, 5 $250,000 IN

~ GRANTS FOR GREEN
- LR ll INFRASTRUCTURE PROJECTS
) :a g v { ’ ‘ b1 2 summzry of our recipients.
» S 1| '

ADVANCED METERING
INFRASTRUCTURE

WHAT'S HAPPENING

PWSA AWARDS $250,000 IN GRANTS FOR
GREEN INFRASTRUCTURE PROJECTS

PWSA WILL REPAIR A SEWER ON CAREY WAY
IN THE SOUTH SIDE

PWSA PAVING SCHEDULE

PWSA WILL REPLACE A FIRE HYDRANT AND
VALVE ON SHADY AVENUE IN SQUIRREL HILL

PWSA WILL COMPLETE SURFACE
TON PAVING ON 7th AVENUE IN

GREEN INFRASTRUCTURE FUNDING AT WORK

& 4
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3.4M GALLONS 11.5 INCHES 99% OF GOALS

of stormwater treated of cumulative precipitation are being achieved

real-time as of September 21, 2015 at 10:23 am Powered by oyt




Stormwater and Green Infrastructure
Control



Adaptive Control

Precipitation Forecast
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Control the Hydrograph

<€— Uncontrolled Discharge

Typical Discharge
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l— Opti valve is closed, no discharge —J
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Release water at the right time

As late as before the next event

Uncontrolled Discharge ——p

Typical Discharge




Case Study:

Nutrient Control in Chesapeak Bay Region
\ ) i B e X Frost Pond
/2 R : ; Prince Georges County, MD
60 Acre Drainage Area

19 Acre Impervious

Approx. 0.5 ac

Dry Pond builtin 1988
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Frost Pond




Conventional Retrofit

Dig a Bigger Hole!

Storm Water Retrofit
Pond No.: 02_87216A_01 Pond Name: Frost Property Pond # 1 Date: 8712
IADC Map: 13008 Address: Rating: C

Mueserbush Court & Barlowe Road

Pond Ownership: DPWT Subwatershed: Washington Metropolitan Area
Lat/Long: 1349326.7108 460068.3144 Sub-Catchment: Anacostia River
MDE HUC 12 NO.: 021402050816 Watershed Impairment: Yes - Annacostia
Year Constructed: 1988
[Notes:

Online pond, though there is enough area to grade wet cells, while maintaining WUS

[BMP Description:
Impervious Cover (1) Does
Pond Facilty Meet]
Drainage | g, face MOE 2001
Area | area(sq Water | Adequate | Adequate
Existing BMP Type (acres) ) |Acres 1% Quality Req| ROW Access
Extended Detention Dry Pond 6027 |28629 [19.15 31.77%  [No Yes Yes
[Water Quali red for 'New' Development:
Depth of excavation
to provide Wqv' | Proposed Retrofit Notes
; Wet Pond / Shallow Create wel pools while maintaining WUS

'WQv Calculation:

PE (Rainfall Target, in inches): 1

RV (Runoff Volume) = 0.05_0.009(1), where I is % Impervious Cover:
(QE (Runoff Depth in inches to be treated QE = PE*RV)

WQv = (PE)(RV)(A)/12, where A is the DA in acres

Determined by multiplying the pond surface area by a factor of 0.80 1o account for side slopes, then dividing by the WQv

| Projected Retrofit Cost: $303,153 1




Opti Retrofit
Adaptively Control Flow

Created >2 ac-ft of
extended detention volume




Lifecycle Costs

Lifecycle Costs
Including Consulting, Design, and Construction

Opti Savings Over
. ) Passive
Cost Summary Opti Passive (PEESEr
Opti)/Passive
Total Capital Cost $26,000 $303,000 90%+
Gross Anngalized Costs $10,000 $5 000
(includes maintenance)
P‘resent Value of 25 year $166,939 $373,470 55%
Lifecycle Cost

Opti’s lifetime cost to treat one impervious acre is $8,700 compared to $20,000 for a
passive retrofit.

References:
Construction and annual costs from Opti and from a comparison bid for passive retrofit and maintenance of the same pond.
*NPV uses a discount rate of 5%



90% reduced capital cost for highly effective
water quality retrofit.

What ecosystem services
will you deliver with the
additional $276K?



Preparing for Rain:
Pre-Event Forecast

2 Frost Pond

System Control

Operation Mode

Automatic Control

Valve Control

Close

Requested changes may take
several minutes to be verified.

Storm Status

Forecast Rainfall
(in)
2016-01-09 11:59:41
0.8

Forecast Runoff
(gal)

2016-01-09 11:59:41

440621.7

Post-Event
Retention (up to

Precipitation Forecast
(48hr)

%
2016/01/09 22:00
100 %
80 Quantity 0.31in
60
40
N i
|

12:00

Northeast Radar
(NOAA)

Latest image only | 12hr | 24hr

Opti
interprets
forecast

18:00

10Jan

NWS Radar Mosaic - Northeast Sector
1638UTC 01/09/2016

06:00

12:00

18:00

MJan

0.5

]
06:00



Example Storm:

January9to 11,2016

> Frost Pond

Operation Mode

Automatic Control

Valve Control

Close

Requested changes may take
several minutes to be verified.

Storm Status

Forecast Rainfall
(in)

2016-01-11 21:38:35
0.0

Forecast Runoff
(gal)

2016-01-11 21:38:35
0.0

Post-Event
Retention (up to

Pond Level
12hr | 24hr | 4ghe | 1wk

ft

extended detention

2016/01/10 09:01:38
n Current Level 315ft

10 Jan 06:00 12:00
Rain Gage
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15 2016/01/10 09:01:38
: Rair 097in

1

18:00
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12:00 18:00

05 7~
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Pond Volume
12hr | 24hr | 48hr | 1wk

18:00
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Downsfream benefits for range of events
Small Event with 100% Infiltration

U
48) (hr) Pond Level o
12hr | 24hr | 48hr | 1wk
ft
2015/12/14 23:24:54
o Current Level 0.99 ft
3
Operation Mode
100.0% Automatic 27 1
falling water level, valve closed
1 [' ®
0 - 3
Valve Open 12:00 18:00 15 Dec 06:00 12:00 18:00 16 Dec 06:00
0.0% Open
Rain Gage i
12hr | 24hr | 48hr | 1wk
Valve Closed in
100.0% Closed 2015/12/16 11:20:56 Reset |
imu Rainfall 2016 3.311n
3.4°
C tivi .
onnectivity e /
96.8% Online | {
3.2% Offline (
32—/
12:00 18:00 15 Dec 06:00 12:00 18:00 16 Dec 06:00



Washington County, OR

Water Quality and Flow Control

Washington County, Oregon
6 ac-ft pond for flood and channel erosion protection

Control
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Actuated Valve.in
Flow"Control Vault
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Flow Duration Control
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University Pond — Montgomery County

Q1-2016
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Real-tfime TSS Monitoring of

Passive vs. Adaptive Control in Maryland

Passive Wet Pond Opti Wet Pond
Cumulative Rainfall (in) Pond Discharge (cfs) Cumulative Rainfall (in) Pond Discharge (cfs)
0.50 16 0.50 16
~le Sl 5 >
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® Measured TSS Concentration (discharged) ® Measured TSS Concentration (discharged) ® Measured TSS Concentration (retained)
= Pond Volume (CF) Pond Volume (CF)
200 . 200,000 200 200,000
.
150 . 175,000 150 . 175,000
icch 72% less TSS mass discharge
(e TS5 mass disc! _ _
i cumulati ;_, = -t_.
& o 2 o
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Same facility, Similar storms - 72% reduced mass of TSS
discharged with adaptive control.



Los Angeles

'n: TETRA TECH

2 Opti

TreePeOPLE

Multi-Agency Collaborative, Phase 2

Collaborative Governance
Around a Pilot-to-Scale Initiative

(.
LAS

ANITATION

S
w2

WATERGUALTY AGENCIES

* City of Los Angeles

Sanitation

* Los Angeles Department of
j Water and Power

* Los Angeles County
Department of Public Works

LOCATION

KEY OUTCOMES

City of Los Angeles and
Los Angeles County

o Water quality improvement

(EWMP compliance)

o Local water supply augmentation

(Stormwater Capture Master Plan and One Water synergy)
o Flood control and nuisance flood mitigation

(Los Angeles County Flood Control Act implementation)



Los Angeles
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f'os Angeles




Monitor and Adapt

1. Continuously monitor and understand performance
2. Adapt operation based on performance data
3. Adapt future designs based on data

4. |terate

Reduce risk and increase certainty of improving water
quality and hydrology.

Dramatically reduce cost.

Use assets effectively.



Questions




AppendiX



Modeling



Nationwide Modeling Study

. Data Source:
3 NOAA National Climatic Data Center
x 625 meteorological stations
o ¢ anapa  Hourly rainfall data from 1956 to 2006
L ]
o
. ¥
Analysis Steps: - &
setid P 0o
.‘ .. ? L,‘ /.:. 3 ° e
: 2 I _
1. EPA SWMM continuous & 2. &0 o By, ‘ sy o .‘
. o - @ ° » L] “
simulations for rainfall-runoff ~ ¢¢ &, - | o, S ST el oy “‘
5 S ° ze .. .‘ ..* Ar ‘c. ' ‘ mion
and storage hydraulics B! g > Jee 0* 3 b0t 3V \‘.,. oo S :U.,. d
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- Compare discharge from s'. X 3 .“ P LRSS )N
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scenarios " R Y 3 ;:‘.f' 2 o °‘:.-:'"a"‘
.O.:r'ﬁh‘.“.. ° o8
3. Calculate key performance ot DA
indicators (KPls) “oq NS
Sources. Esri, HERE, DeLorme, Intermap, mctemen!FCorp GEB&O, USGS, EAO. NPS, NRCAN
GeoBase, IGN! Kadaster)NL, Ordnance Survey, Esn Japan ‘|ETT' EsuCnlna(Hnng Kong). swisstopo
Mapmyindia, © OpenStreetMap contributors, and the GIS User (‘ommumrv




Summary Statistics for 1-in Storm

Median values for all 625 stations

Simulation Metric Passive Storage Opti Active Storage
Long term average retention time 12 hours
Water Quality: | Average water available for use’ 0 590,000 gal/acre/year
Maximize
Retention Time | Average wet weather storage utilization 26% 68%
Percent time runoff retained 3% 59%
Average wet weather discharge 0.052 cfs 0.021 cfs
Cﬁqﬁigﬂgi‘}&g m}:tlegfvgf [\;Trggv:%ather discharge during 0.265 cfs 0.171 cfs
[‘;’rsiit:reg; Wet weather capture 2%
Percent time runoff retained 2% 91%

Note: median values shown for 1 inch storage size
1: No withdrawals were simulated. In the passive system, no water was available for use because the outflow valve was always ocpen. In the Opti system,
water captured and not released during wet weather was considered available for use. The value shown is the annual average capture volume.
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Volume Discharged During Wet vs. Dry Weather
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Volume Discharged During Wet vs. Dry Weather
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Additional Case Studies



Case Study:

Butternut Creek, Portland OR — Hydromodification

— pEESSRiaaRT!
T =
- T TT =
| Ao e IL_‘ TOT TIF ]‘I -

I S eyl S0

120 acres at

A

RD

HILL

impervious |

50%

e

— I




Case Study:
Butternut Creek, Portland OR — Hydromodification




Flow Control — Simplified Logic




Flow Control — Web Dashboard

> Butternut Creek Pon

System Control Precipitation Forecast
de Gate Vaive (48hr)
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Operation Mode i ?:
80 15
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v | 12hr | 24hr
Requested changes may take several
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System Status
(shr)




Flow Control — Example Storm
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