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Spending Total — 4 Permittees: $5,645,699
244 MS4 Permittees in Wi

itps:iapps. e goviwateriimdimap.aspx
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CHALLENGES

Stormwater

+ MSds rely on private
infrastructure

+ infrastructure functionality is
uncertain
GIS Leveraging

starved for incorporation of
measured data

+ public transparency and
outreach
Stormwater Spending
« stormwater utiities with annual
fees levied

stormwater utlity fees

increasing  “rain tax

ASSESS PERFORMANCE
+ Maintain Clean Surface Water
* Replenish Groundwater
« Regulatory Compliance

« Credit Trading
« Utilty Fee Rebates
« Stakeholder Transparency

-
FINANCIAL OPPORTUNITY & RESPONSIBLITY

-
MAINTENANCE

+ Remote Assessment

+ Autonomous Assessment

« Maintenance Triggers & Forecasting

.
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difficultto demvt:nslra(a
+ CSO consent decrees
- MS4 regulations
+ TMDL basins

p
MODEL IMPROVEMENT

+ Digitalized Asset - Calibration Point

* Measured Data — Improved Models

IFEE,

www.pdi.io

Community Consent Decree (GI) Spending:
MWRD - Chicago, IL: $3 billion
Chattanooga, TN: $250 million City of Peoria, IL
UG of Wyandotte County, KS: 600 million Expects to spend $109M by 2039
King County & Seattle, WA: $1.46 billion
Washington DC: ” CSO PROJECT MILESTONES AND COSTS
Philadelphia, PA: $1 billion PROGRAM BEGINS IN 2022
Scranton, PA: Nutrient Credits e
Boston, MA i PeiocNmartpe | neton ‘i | Caaicon || onamie
St Louis, MO: $4.7 billion Sodl (b |esstiny S
Evansville, IN: ” o anze st szomm
South Bend, IN: $510 million oo s o % a7 Sien sacon
NEORSD - Cleveland, OH 3 billion S AR RO £l 200 LU |
Gron Fstci e s 7 e sziv
Kansas City, KS 525 billion e s e
Akron, OH ”
Cincinnati, OH ” Tota Cont S0 |
= 3108 milien
[ KY S500 million
Total  $17.6 billion
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Groundwater Recharge
Stormwater Utility Fee Crodit Trading
Rebates

Stormwater Volume Stormwater Nutrient & Pollutant \
P ortaen s INSIDER
et

& ABOCE

PROGRAM
MANUAL:

TX Sales
(5) - Value $30 M

IFEE,
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Infiltration Dry Well Trash-Collection Systems

P4 Sensor Solution
(casiy removabl)

Channelized Flow - Trash Capture

* Runoff channeled through nets

1 Vari: Infiltration Dry Well
e Jriviias + Precast Concrete Element Concrete Lined + Two net systems
Stormuatar Channel
Stormater nfitration + Runoff Enters and Infiltrates into Ground Digitalization Tools
o Discharge to Combined Sewer Inhibited . . Rain Gauge
Tools Camera System (image capture)
Rain Gauge Water-Level (head difference across nets)
* WaterLevel + Flow velocity (between net systems)

i
——] www.pdi.io ﬂ b




1/30/2025

Below-Ground Detention / Retention / Infiltration Permeable Pavement Systems

Below-Ground Systems
Precast Concrete, Plastic Arch, Plastic Crate Tanks
Runoff Enters and is Detained/Retained and/or Infiltrates into Ground

Infiltration - Discharge Inhibited Permeable Pavement

Articulating Concrete Block

Detention / Retention — Discharge Controlled and/or Prevented
Paver

Digitalization Tools
Others Possible

Rain Gauge
Digitalization Tools

Water

Dis Rainfall and Environmental Data
Water Level (below pavement)

Cnt ]
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Below-Ground and Biofiltration Network Surface Infiltration

Multiple Systems.
Below-Ground System (ADS) \ " 3 = Surface-Infiltration Ponds
Biofiltration System \ g +  Engineered / Graded
Exit Piping | \ N\ - \ . + Relatively Shallow
Digitalization Tools g T = ! Digitalization Tools
Rainfall and Environmental Data - . J + Rainfall and Environmental Data
Soil Moisture b o v « WaterLevel
Water Level 2 ) . + Discharge Control
Area-Flow-Velocity
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Surface Infiltration - Large On-Structure Detention / Retention

Surface-Infiltration Ponds On-Structure Systems
- Existing Structure

+ Engineered / Graded
« Proposed Addition

- Large/Deep
Digitalization Tools

Digitalization Tools -
¥ « Rainfall and Environmental Data

« Rainfall and Environmental Data -
B = + WaterLevel

« WaterLevel (via pressure) 4=
) : « Valve Control (Roof Discharge)

Discharge Control

: IFEE,

www.p4i.io = www.pdi.io

Back-of-Curb French Drain (Bump In) Surface Wet Detention Ponds

Parkway French Drain i
T R | subdivision Surface Pond

« Existing Parkway & Inlet
+ Back of Inlet (Curb) Location < + Existing or New Construction
7 P i a + Often Relied Upon by MS4

+ French Drain-Type Infiltration
Digitalization Tools

Digitalization Tools ! \
+ Rainfall and Environmental Data > i » Rainfall and Environmental Data
Water Level £ L A Yand Water Level
2 g Aeration Control

Discharge Control

i i
——] www.pdi.io ——]




Sensor Removal (10 minutes)

Modularity & Maintenance

Sensor Reinstallation (10 minutes)

Modularity
+ Sensor Module

« Battery Module
« Solar Panel

+ Computer Module
Maintenance

- Sensor

« Battery

« Computer

‘State BEFORE Digi ion

56
561

STORMWATER MANAGEMENT

Association shall maintain the
stormwater management measures

2 Assoc
shall provide maintenance

of structural stormwater
management measures, aeration
equipment and sediment removal.

City is authorized to perform
corrective actions

www.p4i.io

Digitalization
+ Rainfall Documentation
« Water Level Documentation
« Aeration Control System

« Discharge Control State AFTER Digitalization

Homeowner's Association
- Documentation of Functionality
+ Easy Reporting to Municipaiity
- Data to Complement Sediment Mapping
- Data for Financial Planning — Building Reserves
+ Maintain Property Values
+ Peace of Mind

+ Data for Utiity Fee Rebate Request

Municipality - Stormwater Utility (MS4)
- Documentation of Performance
- Remote Access
- Regulatory Compliance Data

Watershed Model Improvement

{4
A

T
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State BEFORE Digitalization:
+ Large Below-Ground Detention System

+ Uncertain Effect on Ground-Water
+ Manually Monitoring of Water Level
+ Watershed Model Uncertainty

www.pdi.io

Digitalization:

+ Rainfall Documentation
* Water Level Documentation

Bogan Monitoring StomTrap.
Do 17,2019 —

State AFTER
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« Confidence No Effect on Ground Water

* ULTIMATE PEACE OF MIND

+ Actionable Data to Improve Watershed
Models
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+ Rainfall Documentation

+ Water Level Documentation State BEFORE Digitalization: Digitalization:
« Three Permeable Pavement + Rainfall D
« Desire to Collect Runoff Samples from Systems + Below-Pavement Water Level

Documentation

+ Lack of Sampling Ability (no flow from systems)

« Lack of Understanding of System Performance + Flow-RTC (manual)

ches)

Runoff Lag
36 min. "7 A-inches in 24-hr period.
(Inital Intensity ~1.50 in/hr) State AFTER Digitalization
o | ‘\‘ + Continuous Data Streams (nearly one year)
39" depth is:
+ 1,126,986 gallons

* 343 acre-feet

+ Demonstration of Function and Performance

« REAL DATA for Stakeholder Transparency

+ Actionable Data to Improve Watershed Modeling

+ Large Below-Ground Detention System

+ Highly-Developed, Urbanized
Watershed

+ Uncertain Performance

eter lovel 1ee comneident « Actionable Data for Decision Making

with rainfall evenf 03

Drawdown period is

+ Desire for Stakeholder Transparency about 11 hours.

LIQUA-Level Water Level (in.)
8
g

Rain-mX Rainfall - 10 min. Intervals (

INFIL-Tracker Flow-RTC

ararz04 2:2
92028 4:48 §
wsi247:12
492024 9:38 |

anr024 12:00

w2024 14:24

arar2024 19:12

4902024 71238

Flow-RTC INFIL-Tracker

www.p4i.io I = www.pdi.io

INFILTracker and
(< Rain-mX Installed <—— Undercrain Discharge Elevation
Jan. 2020 Increased {0 Just Benealh Pavement
3
20.h Rainfal R
= < iy 10,2020 |~ 2#hrRaintall State AFTER Digitalization:
2 239" August 23,2020
““"""x'.“ 2w % x4 Runoff Volume
1 ugus 5 .
inches) State AFTER lization: January 2020 August 2022 Auguat 2022 + > 113,000 Gallons NOT in CSS (40 gal/sq.ft.
' Stale ALTER Dlafiafization P 1,200% more than estimates')
+ Full Utilization of Gallery Volume
os -
ﬂ b ﬂ 1}1 « Documentation — 100% Runoff Infiltration — no discharge to MS4 P— o - " S Surface Infiltration
o 24 e Ranfall vent | Rainfall__| Volume Capture
° + Documentation - 54% Improvement in TSS Removal = + Rainfall Events and Volume Captured Correlated
e o o . el to) o, i TR over Years of Service
- A R o + NEW LOOK AT PERMEABLE PAVEMENT EFFECTIVENESS 1 03 o 1932
w 2 077 £ o 1780 + Gallons Caplured for Similar Events used to
. Topof. a7 3 025 o o 125 Assess Maintenance
ate} Level After r 15 w505 1 3o N
» atel e A 05 i 0 ) + Visual Assessment of Surface is Inaccurate
WAL Tacer Auger2,2020 72 ) o 1033
ater Level Max Water Level Before 32 5t 0257 L ss11 +Stei
B Stein, J., Bymes, T., Henken, R. (2024). Natural Partners
”""?ﬂ:ﬂj;’“"‘ Flow-RTC Installed: .77 0 o 2250 — How Local Collaboration Could Help Fix Milwaukee
" 1uly9,2020 3 a7 L s0%0 County Parks, Report to Miwaukee County Parks,
0 ” 1 o 505 Wisconsin Policy Instiute, February.
. 6 o 778 )
I 7% %) L FEY
o Bot. 9500 1 1 a7
fET) 14 o 20
T i ;
S0
L ) e o - ]|
L
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State AFTER Digitalization:

Model
9000 T updated wi
somolE Moasured Pollutant Capture
8000 Surface nfl Rate (inhr) ot + Technical Guidance (W Tech Std 1008 - Permeable Pavement) is
‘Subgrade Infil Rate (inhr) 8,468 1bs Inconsistent with Actual Behavior
2 7000 “‘_;33:“ 423 Ibsiyr « Digitalization Coupled with SLAMM has Enormous Impact on Pollutant State AFTER italization:
g 134 Capture - VERY POSITIVE IMPACT ai
3 st06b North Basin
3 6000 Long-Term Performance « 590 Acres
£ 2 + Digitalization Yields “point-In-Time" Data for Projection . TSS Removal Goal: 186,923 Ibs
& 5000 b Opportunity + Digitalization Affords Year-by-Year Assessmentof Pollutant Capture .
g 3 S203 ncrossn WI DNR Technical Guidance - 1008:
E 4000 o WI DNR Approval * Upto 118 acres of Permeable Pavement
] + Digitalization Tools Approved by + Cost to Comply: ~$110M
2 2 the WIDNR
§ 3000 bl e Digitalization Driven:
3 134 1097 + Additional Pollutant Capture R
E 000 1,281 ot Supported by Digtalization As little as 13.3 acres of Permeable Pavement Suggested
S 907 fm “M;y Approved. + Cost to Comply: ~$12.4M (89% reduction)
36
sy 002 S — ) b - Digitalization Documents a 300%
1000 003 guidance Improvement in TSS Capture at 5-
Year Mark.
1362105
fe— 5-¥r ——‘4— 5-Yr ——je— 5-Yr ——je— 5-Yr —) S0
20-Yr Projecti sesib -~
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State AFTER Digi
+ University of Maryland Report Documenting Performance (
+ Documented Infiltration Rates 570% Different than Digitalization:
State AFTER Digitalization:
Assumptions + Rainfall Documentation
* Rainfall Documentation — + Data for the Maryland Department of Environmental + WaterLevel + Complete Understanding of System
2 Performance
* WaterLevel Documentation Quality Documentation %
s & + Documentation of Permeable Pavement as a Structural " ASCE . Sgc:‘ry“:g‘a‘&m Stormaate Funoft
. + Public Kiosk for Ultimate
P Gallry Infiration Rate
] /<& icpi NCMA Transparency
State BEFORE Digitalizatiol £ omm . Sopeating Calery Discharge [ Gallry inftrati
3 H g ubgrade Functionin . % N Finfall Event Dems
« Permeable Pavement Intersection H 3 |f (Subgrade Functioning) State BEFORE Digi io : ‘ %%, sorgeow 58
&l o |2 | - N riog | 52
« Assumed (educated guess) Subgrade o £s|% + Permeable Pavement Parking Lot M 2 o4 $3% £
Infiltration Rate Prevents Intersection as a g ga | & . Limited Abiltyto Demonstrate Performance i % s El H
Stormwater BMP 2 ™58 |8 | ‘E
- Assumptions Prevent Widespread Use of '2: B 1 2 L] | \ s * Unique Design with Significant Slope ‘ ] o] :
Permeable Pavement in Maryland 2 82 R g « NO Public Transparency of Performance . | i
+ Need to Document Performance for . ! ig
Maryland DEQ TP IREEREENE i Side and Information Courtesy of: Aaron Fisher, PhD (VP, \
L ] 148818} Eamest Maier), *Sensored Evaluation of Permeable Pavement L .
Performance: 2-Year Case Study Results", 2023 Fall Conference IR R ER R
‘Summer Months 2022 ~ County Engineers Association of Maryland, Ashore Resort and fEEEREE
\_ J Beach Club, Ocean City, MD, September 29, 2023. L /
\_ J

www.p4i.io E’h www.pdi.io




1/30/2025

s
-
Digitalization:
+ Rainfall Documentation Digitalization:
+ WaterLevel Documentation « Rainfall Documentation
)
« Water Level Documentation
@ rrraNa A
‘o cod,CA
a@lon State AFTER Digitalization: State AFTER ation:
« Continuous Documentation of 80 2 + Continuous Documentation of
Local Rainfall Demand Local Rainfall Demand
« Continuous Documentation of 7 - Continuous Documentation of
State BEFORE Digitalization: Stormwater Runoff Captured Customer BEFORE Digitalizatior 18 % Stormwater Runoff Captured
* VERY LARGE Surface Infiltration B « Continuous Documentation of « Three VERY LARGE Surface 14 .g Continuous Documentation of
Basin 60 acrett Stormwater Volume Infiltrated Infiltration Basins = 4 Stormwater Volume Infiltrated
0. 12 L
+ NEED to Measure Water Levels 2 + Documentation for SGMA + NEED to Measure Water Levels z Documentation for SGMA
" to 312" s < .
from 0" to 312 e el Groundwater Recharge Credit + VERY HARSH Environmental 1 3 ?ru:nu»vatu Recharge Credit
+ VERY HARSH Environmental E acre b1 Trading Conditions . o E rading
Conditions § . + Manual Documentation of Rainfal .-
+ Uncertain Performance o] ot ‘ Amount and Intensity 2 3
+ No Documentation for SGMA Act £ 12acret T K + Manual Documentation of \ ' d
Compliance o g . Stormwater Runoff Volume Rl i 02
" l Sacreft l - Infiltrated i \ i#
B — . i, A ey } . S e s i 8. ::
I N A A R B A R § 5 5 8§ 8 8 g g g3 3 g
EERRRRERERERERR R R  EEEEEEEREEEEN
L ) $ 5 8 = S 5 5 2 s 5
\ /
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Digitalization:
« Rainfall Documentation
« Water Level (head differential) Digitalization:
* Flow Rate « Rainfall Documentation

« Trash Collection (Images) + Soil Moisture Content

= N
Q3 2023 - 17 Filter Media Cycles State AFTER Digitalization:
(35 cumulative — annual — cycles) + Continuous Documentation:

0 o8
State AFTER Digitalization: Dewatering Soil Moisture Content

Cyclols) Infiltration Rate Characteristics

+ Rainfall Event Triggers for Trash Net

Cyle O Gyele Cycle cyce!
Replacement State BEFORE ] T o 1 e 710 Dewatering Time
State BEFORE Digitali + Understanding of Seasonal Variation of s g Water Holding Capacity
e oot Resemon B i Trach Trash Accumulation + Biofilration System (bioswale) " e e G
* Large Surface Retention Basin wif ras| S| . i \
Coltocion System i + Photographic Documentation of Trash Customer Maintenance Guarantee . © Confidence i Fiseal Resource Commiments
e iferental accumaes,ugsrear Accumlation for Maintenance Triggering (personnel & fiscal resources)

+ Unknown Flow Velocity through Channel o e i o + Confidence in Human Resource Commitments

* Recertification Requirements at Five-
+ Unknown Trash Collection Maintenance Year Interval

Frequency

Head diferentils o5 and great

14 inc + Confidence in Re-Certification
indicate signficant bag il events

« Adherence to Campus Stormwater /|
Management Plan

A —

+ Poor Understanding of Trash Accumulation

Volumetric Moisture Content (%)
Rainfall - 10-min. Aggregation (in.)

Water-Level Differential (in)
LIQUA-Level
24-Hr Rainfall (in) - Rain-mX

.

-
P
v
wiaze
sz
a0z
sz
aaszon
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& SusTAINABLY

State BEFORE Digitalization:

+ Existing Building (multilevel roofs)
+ Rooftop Detention Desired

« Detain Rooftop Rainfall

+ Need for Controlling Discharge

+ Combined Sewer Overflows (CSOs)

ization:

+ Rainfall Documentation

+ Water Level Documentation
+ Real-Time Control

State AFTER Digitalization:
+ Documentation of Rooftop Volume(s)
« Documentation of Rainfall Events
+ Autonomous Detention and Discharge
+ Documentation of Detention Time and

Discharge Times
« Documentation to Apply for Rebates

™

\c 2

PEORIA

MeadéHunt

« US EPA Consent Decree

+ Need to Eliminate Combined Sewer
Overflows (CSOs)

* Multi-Phase Multi-Type Stormwater
Infrastructure Implementation Plan

* Need to Document Performance
* Need to Schedule Maintenance

www.pdi.io

Phase 1-C50 1
1~ Rainfall

Phase 4-CS0 3
3- BackofCurb Bump-Ins
3 Perm. Pav't (PaveDrain)

Phase 2- EPAGI1 5~ Back of Cub Bup-ns
fitvation Dry Wels
orm Pav (Paver)

5 - Perm. Pav't (PaveDrain)

State AFTER Digitalizati
+ Documentation of Network Performance
+ Automated Network Health Reporting
+ Performance Documentation
+ Maintenance Assessment and Triggering
+ EASY BUTTON for the Consent Decree

+ Performance Data to Document Effectiveness
of $109 Million in Spending

IFEE,

( 7
Marquette Infiltration Dry Well
Drawdown Period Less Than Required
NO VACUUM MAINTENANCE NEEDED
- 008
7
| A
i . §
60 1 Water Lovel Below Discharge Invert g
e NO STORMWATER DISCHARGE = State AFTER Digitalization:
100% TSS & TP Removal 2
™ ol No stormwater contributon to 650 I 006 S + Years of Contiguous Data (10-minute intervals)
3 i ; g + Drawdown Rate Consistency - MAINTENANCE
= i = TRIGGER
5 i
g 4@ e £ + Water Level Below Exit Invert — NO DISCHARGE TO CSS
iltration Rate Consistency
3 7 NO VACUUM MAINTENANCE Neepep | 1 = + 29 Infrastructure Systems Included in Network
3 = g A + IRREFUTABLE DATA FOR CONSENT DECREE
< ﬂ £ * ULTIMATE STAKEHOLDER TRANSPARENCY
20 £
<] 00z &
=] A ]
10 - £
5
“ \ \ =
[ ¢ 0.00
4 g 2 1 3 g
5 R & ¥ F
2 2 2 - o -
g g H] g g g
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|r Mainten;
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Sensor &
Network
Maintenance

Data
Curation &
Synthesis

TN - N
Resoarch & 1| Sales &
Development 1| Marketing
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ance 1 Education
11 Transparen
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Awareness

37 compliance

Level 1 - Foundation

Level 2 — Transformation of Stormwater Management

(2

'
'
'
'
H

TE  REGULATORY

FIRMS ~OWNERS OWNERS  AGENCIES

[ AEC  PUBLIC  PRIVA

] I Level 3 — AEC, Owner, and Agency Impact

www.pdiio

Transformational Stormwater Management
Clean Surface Water
Replenished Groundwater Systems
Flood Mitigation
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