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MS4 Permit

Post Construction

 Inspections - Permittees who operate Level 4 small MS4s shall develop and implement an
inspection program to ensure that all post construction stormwater control measures are operating
correctly and are being maintained as required consistent with its applicable maintenance plan. For
small MS4s with limited enforcement authority, this requirement applies to the structural controls
owned and operated by the small MS4 or its contractors that perform these activities within the

small MS4’s regulated area.
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Hickory Creek Watershed Protection Plan

Nonpoint Source Project Viewer
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Post Construction
Best Management Practices

Benefits Project Focus

« Improve water quality - Bioretention
 Reduce localized flooding * Rain Gardens
 Increase ecosystem services * Permeable Pavement
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Inspections
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Asset Managemen
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DENTON

Questions?

JoEtta Dailey
Watershed Protection Manager

Environmental Services & Sustainability
940-349-7153

Joetta.Dailey@cityofdenton.com Qm
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Green Asset Management

 Applying principles of asset
management to GSI

 Developing tools to apply
asset management to GSI

 Testing the methodology

SEPA  ACRili

United States

Er;\éi;gcmental Protection EXTENS'ON uUs Army corps
of Engineers.
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ENVIRONMENTAL oy _
FINANCE CENTER DENTON North Central Texas
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The Five Core Components of Green Asset Management

1 Current State
of Green Assets

|

5 Long-term 2 Level
Funding Plan \ / of Service
Green Asset
Management
4  Minimum Life 3 Critical

Cycle Cost Assets

15



BMP Inspection Form Development
Process




Bioretention systems

Regular Inspection and Maintenance Guidance for
Bioretention Systems

Maintenance of bioretention systems and tree filters can lyplcally be performed as part of standard landscaping. Regular
inspection and maintenance is critical to the effect 1 of bi systems to insure they remain clear of leaves and
debris and allow free draining. This page provides guldance on maintenance activities that are typically required for these
systems, aIDng with the suggested frequencyfnr each activity. Individual systems may have more, or less, frequent maintenance
needs, depesd rs i the occumrence of large storm events, overly wet or dry conditions (LE.,

. regional hydrologic condi upstream land use.

Score, description

0, Continue routine maintenance/NA
1, Mimor Issues observed, needs atiention
2, Major Issues observed, requires immediate attention

3, Failure
Inspechnn Ach\nhes commaon malmenance activity

he remclval of leaves fmm the system and bypass structure. \c"lsual

CHECKLIST FOR INSPECTION OF BIORETENTION SYSTEM

Total points possible

Location: Time: Inspector:
Date: Date last rain event Site Condisons. :
Rain > 0.10"last 24 hows Y /N Vegetation:
GRADE: 0% Final Score []
66

rSoar!, description

0. Continue routine maintenance/NA

1. Minor Issues observed, needs atiention

2. Major Issues observed, requires immediate attention

Inspection ems

N
(T

ore 0 - 3, circle score or

Comments/
|Corrective Action

material

Remedy: Remove sediment as necessary. If 2 inches or more of filter bed has been
removed, replace media with either mulch or a (50% sand, 20% woocdchips, 20%
compost, 10% soil) midture.

Dwring extended periods without rainfall, inspect plants for signs of distress.
Remedy: Plants should be watered until established (typical only for first few months)
or as needed thereafier.

Check for obust vegetation coverage throughout the system.

Remedy: If at least 50% vegetation coverage is not established after 2 years, Annually

Isupplerr'emal planting should be perfformed.

Check for dead or dying plants, and general long term plant health.

Remedy: This vegetation should be cut and removed from the system. If woody

wegetation is present, care should be taken to remove dead or decaying plant material. A |
nnually

Separation of herbaceous wegetation reotstock should occur when over- crowding is
ohserved (greater than 30%).

Wiersion 252050, Adapked from 11152011 URIVETSEy of New Hampshine Siomwater Center

(A) Mo evidence of standing water after 72 hours. 01 2 :!I_|5|:ore = 0
2. Short Circuiting & Erosion (Annually)
A} Mo evidence of animal burrows or other holes? 01 2 3 Score= 0
B) No evidence of erosion? 01 2 3 Score= 0
‘ FREQUENCY C)E of sediment accumulaion on surface? Aftach 01 2 3 Score= 0
= filter surface remains well draining after storm events. proture
v ter bad is clogged. draining poarly, or standing water covers more than 3. Querfiow Bypass / iniet Inspection (Annually)
15% of me surface, then remove top few inches of discolored material. Till or rake A) Surface is at design level, typically 4" below overfiow 2 0 1 2 3 |Score= 0
remaining material as needed. A record should be kept of the time to drain for the After every major storm in the first few |E) Overiow bypass / inlet (if available) is functonal? 3 01 2 3 Score= 0
systemn completely after a storm event. The system should drain completely within 72 menths, then annually. C) Overflow bypass / cutiet (if available) is functional? 3 0 1 2 3 Score= @
haurs. D) Mo evidence of blockage or accumulsted leaves/sediment? 3 01 2 3 Score= 0
4. Debris Cleanup (Annually)
Check inlets and cutlets for leaves and debris. ) Free from liter, leaves, and dead vegetation? ] l 01 2 3| ]Seone = 0
Remedy: Rake in and around the system to clear it of debris. Also, clear the inlet and 5 Mulch Depth (if applicable)
overflow if obstructed. 2) Mulch at original design depth? If apphcable T [0 1 2 3 [score= 0
Inspect inlets and outlets to ensure good condition and no evidence of deterioration. 6. Vegetation Coverage (Annual)
Check to see if high-flow bypass is functioning. A) Plants are stable, roots not exposed? 0 1 2 3| [Score= 0
R_emedy: Repair or replace any damaged structural parts, inlets, outlets, or B) Robust coverage? 2 1 2 3 Seore= 0
sidewalls. C) Invasive plants present (= 5%) (attach picturs)? 0 1 2 3 [Score= 0
D) Dead or decaying plants removed from the system? 01 2 3 Score= 0
Check for ani!'nal bu!'rows and short c?rcui.t?ng in the s.ys'.em. . E) Prune perennial vegstation? 2 1 2 3 Score= 0
Remedy: Soil erosicn from short circuiting or_anlmal burmows should be repaired [P Frome dead_dmeased o rmssing es branches 71 2 3 [e——
(when they occur. The holes should be filled and lightly compacted Quantery initially, then annually, ?' B - _
. Drought Conditions (As needed)
. . . (A) Water plants as needed. If applicable. | | 01 2 3 =0
Check to insure the filter bed does not contain more than 2 inches accumulated rBl Dead or dying desirable. If appicable. | | B Seore= D \

[ ¢

TOTAL Score 0

p )

-

[Corrective Action Criteria:
80 - 100%, Pass. continue routine maintenfihce
48 - 80%, Needs attenBSon/mainienance

< 45%. MNeeds urgent repairfreplaceme

Due Date

TIEETT. Universty ‘Famparre Ciormwaler Certer

uidance

* Scoring system
* Activity

* Frequency

ecklist

* Inspection items
* Weight

* Score

« Comments/corrective
action

e Total Score



Porous Pavements

Regular Inspection and Maintenance Guidance for Porous Pavements

CHECKLIST FOR INSPECTION OF POROUS PAVEMENTS

Reqular inspection and maintenance is crifical fo the effective operation of porous pavement. It is the responsibility of the
owner to maintain the pavement in accordance with the minimum design standards. This page provides guidance on
maintenance activities that are typically required for these systems, along with the suggested frequency for each activity.
Individual systems may have more, or less, frequent maintenance needs, depending on a variety of factors including the
occurrence of large storm events, seasonal changes, and traffic conditions.

Locafion: Inspector:

Date: Time:

Rain > 0.10" last 24 hours Y /N Date of last rain event

Site Conditions:

Score, description
0, Continue routine maintenance/NA

1, Minor Issues observed, needs attention
2, Major Issues observed, requires immediate attention
3, Failure

|W9|ghl | select drop down menu

Inspection Activities: Visual inspections are an integral part of system maintenance. This includes menitoring pavement to
ensure water drainage, debris accumulation, and surface deterioration.

ACTIVITY FREQUENCY

GRADE: 0% Final Score 0
| Total points possible 33
[Score, ip
0, Continue routine maintenance/MA
1, Minor Issues observed, needs aftention
2, Major Issues observed, requires immediate attenfion
3, Failure
 — Score 0 - 3, circle score or  [Comments/

Corrective Action

ris Cleanup (Annually) \

B) Estmated percent of blocked open spaces? ‘ 5 |D 12 3]—|Smre= 0

Check for standing water on the surface of the pavement after a precipitation event,
no standing water should remain within 30 minutes after rainfall had ended.
Remedy: Cleaning of porous pavement is recommended

Inspect for sediment and organic debris on the pavement surface or within forebays.

3] [Score= 0

&nt non porous pavement clear of deb |IJ 1 2
D) Catch b — [o12

3] [Score= "0

2. Controlling Run-On (Annually)

Remedy: Vacuum sweeper shall be used regularly to remove sediment and organic A) Adjacent vegetated areas show no signs of erosion 01 2 3 |Score= 0
- - and run-on fo porous pavement? If applicable.
debris on the pavement surface. The sweeper may be fitted with water jets. For loose T o - -
debris, a power/leaf blower or gutter broom can be used to remove leaves and trash. ,._\', No evidence of blackage? — — | 0 1 2 3] |5we —
- 110 2 times per year, more frequent! — —
Inspect for accumulation of debris and dead leaves peryear, r TEQUENTY] |61 Good condition, no need for cleaninglrepair? [0 1 2 3] [Score= 0
) - . for high use sites or sites with higher — — —— =
Remedy: Pavement vacuuming should occur during spring and fall cleanup to otential for run- on 4.1 Condition ¥)
remove accumulated debris and dead leaves, at minimum. P 4) No evidence of deterioration? 0 1 2 3] [Score= 0
B [T ? =
Inspect for blockage or clogging of open spaces. B) No cus from ufiiies visible 0 1 2 3] |Sere= 0
. - - - ) N vi i | ied? =
Remedy: Power washing can be an effective tool for cleaning clogged areas. This C) No evidence of improper design load applied 0 12 3 |Seore= 0
should occur at mid pressure typically less than 500 psi and at an angle of 30 degrees - Signage / Stockpliing B spplicable)
A) Proper signage posted indicating usage for traffic | 01 2 3| Score= 0
Check for damage to porous pavememg from non'de‘c."gn loads. . X [E} No stockplling of matenials and no seal coating? | 01 2 3| Score= 0
Remedy: Damaged areas may be repaired by use of infrared heating and rerolling of ENEsACaRNTA AR NESEH]
pavement. Typical costs may be 2,000/ day for approximately 500 ft of trench. A No evidence of vegetabon in pavement? [0 1 2 3] [seoe= 0
Maintenance Activities B) Litter present? | 0 1 2 3| [Score= 0
Routine preventative cleaning is more effective than corrective cleaning. TOTAL Score 0|
ACTIVITY FREQUENCY Notes

Controlling run-on and debris tracking is key to extending the life of porous surfaces.
Erosion and sedimentation control of adjacent areas is crucial. Forebay areas should

Whenever vacuuming adjacent
porous pavements

P

(Corrective Action Criteria:

90 - 100%, Pass, confinue routine maintenance

remain clear

Vacuuming adjacent non porous asphalt can be effective at minimizing run-on. ,
Do not store matenals such as sand/salt, mulch, soil, yard waste, and other stock

piles on porous surfaces.

Damage can oceur to porous pavement from non-design loads. Precautions such as
clearance bars, signage, tight tuning radius, high curbs, and video surveillance may
be required where there is a risk off non-design loads. Posting of signage is
recommended (i.e. passenger vehicles only, light truck traffic, etc. as per pavement

As needed

46 - 90%, Needs attention/maintenance
< 45%, Needs urgent rep

(Corrective Action Needed

\

Due Date

3.

durability rating.)

h—
Wersion 926/2022, Adapted from 272011, University of New Hampshire Stormwater Center

WETTER SIE0011 AZSDIES T 12011 UNKETSEy Of NEW HATESNIE ST ASET Cener

* Inspection ltem Example

e Estimated % of blocked
open spaces
e Scored1-3

* 0=none

e 1=1-25%,
* 2=25-50%,
* 3=>50%,

 Corrective Action Criteria
e 90-100% Pass
e 46 —90% Needs attention

* <45% Needs urgent
repair or replacement



NSF AWARD NO. 2228731

Co-Pls: Dr. Lauren Fischer, Department of Public Administration, University of North Texas; Dr. Fouad Jaber, Department of Biological and Agricultural Engineering,
Texas A&M University; Dr. Kelly Albus, Texas A&M Agrilife Extension

Community-Science Partnership to Enhance Stormwater Adaptation under Climate Change c I I c
Pl Dr. Wendy Jepson, Texas Water Resources Institute; Department of Geography, TAMU

Texas Water
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ake every drop count

TEXAS A&M TheNature (%)

UNIVERSITY. Conservancy \\J
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UPPER TRINITY

REGIONAL WATER DISTRICT

Research disciplines: Urban Planning, Public Administration, Geography, Civil &
Environmental Engineering; Biological & Agricultural Engineering

Vision for a Stage 2: Small institutional innovation can lead to big change

We seek to develop a set of innovative tools for communities to engage in
collaborative urban governance to increase public acceptance of nature-
based solutions and public investment.

* Monitor, analyze effectiveness of tool developed during the Stage 1 pilot
* Advance other needed tools for community-based BGlI siting, priority
setting, and planning (depending on CWSG)

Project Challenge: How to overcome institutional barriers that limit large-
scale and equitable implementation of blue-green infrastructure (BGl) to
enhance stormwater adaptation under climate change

* Municipalities leave BGI out of planning, budgets and maintenance plans
because they are considered landscapes not assets

*  Communities benefit unequally and have diverse priorities and values that
are commonly left out of BGI planning and implementation.

Stage 1 Activities: Institutional innovation to increase public acceptance and
public investment & maintenance in BGI

* Co-design, execute and assess a pilot community-based green
infrastructure asset management (C-GAM) tool, which is modeled after
other municipal asset management frameworks, to open new pathways for
communities to directly participate in decision-making related to BGI
installations across municipalities.

* Community-Science Working Group of research team and community BGI
champions for change to guide C-GAM development and co-create Stage 2
Proposal



Piloting a
Regional Vision

Planning Phase: October 2022 — August 2023
Pilot Project in Denton.

Community Science Working Group,
representatives from the City of Denton and
environmental and community groups, to
advise project development

Execute a series of workshops for local
stakeholders to develop, refine, and evaluate
the CGAM Tool for the city

The project aims to reduce local stormwater
flooding, establish new community
connections, and launch the tailored CGAM
tool for the City of Denton

North Texas BG| Network CIVIC Innovation Project  Community Science: BGI Maps and Data

What is Blue Green Infrastructure?

Gray Infrastructure is the term used to describe
traditional, usually concrete, drainage channels
and waterways historically used by cities for
stormwater management. Future projections
show that flood events in North Texas will
continue to grow more severe as populations
grow, and current gray infrastructure will lead to
billions of dollars in flood damages.

BGI Education




Community Green Asset Management Tool:
A Pilot Project

* We seek to address these challenges by incorporating

community priorities into an asset management
framework for BGI

* This approach manages infrastructure assets by
minimizing costs of owning, operating, and
maintaining them

* Develop and pilot a Community Green Asset
Management (CGAM) Tool that reflects local
concerns, priorities, and values associated with BGI




Hub Platform:
Interactive tools for
co-development of data
with local communities

- Citizen Science Projects
- Educational Modules

- Training Workshops

- Interactive Signage

- K-12 and Undergraduate
classroom materials

Blue-green Infrastructur

Flooding is a concern in cities all over the country,
especially in areas with rapid growth. Some of these
cities, like Denton, are using nature-based solutions to
help solve the problem.

By installing green spaces - like strips between roads
full of native plants or trees, or driveways with
porous pavements, or low-lying areas with rock
channels or mulch - instead of concrete to slow down
water, these sites can greatly reduce flooding.
Creating places to allow water to sink into the soil
limits flood damage to nearby homes and businesses,
and helps that water to go back into our rivers and
lakes, improving water quality in the process.

Sounds like a win-win, right? Not everyone agrees.
Despite growing evidence of success for flood control
and water filtration, getting support to build these
sites can be challenging. To explore these challenges,
we're putting together a team of community
stakeholders to share their perspectives about

= exisiting and future sites for Denton.
3GI) site in downtown Denton, TX

C-GAM Tool for BGI - Pilot Testing

C-GAM Survey Tool 1.0

Prototype of the C-GAM survey evaluation tool for pilot testing by CIVIC
Volunteers.

I

surveyl23.arcgis com

This project is funded by the National Science Foundation

Have data to contribute to the project? Fill out the survey
below and it will appear on our community map!

Denton BGI Site Survey - CIVIC Project

Deseription content for the survey

First Name*

Last Name*®

Date {of site visit)*

Denton Area BGI Site Survey

i W Sherman Dr- Aubrey

Milam Rd € Fir g5

N3
3

Krugerville s
S e Hartiee s
anr a Field
| VO BGI Site Survey 3 view - survey: Emma X =
BGI Site Notes Looks nice for time of year butit Ray, ﬂsuhert; \‘fke b
- Greenbel
Cooper Creek
7 e
fr » 1221
| Datola Fppyersity O
s Crose Roads T
First Name Emma
Navo a0l
Last Name Trolinder I &
2 PGA Frisc
= Ranch
| &
O3ks pr
| b
. 2
Carter oak Point
| N
& atgh e
720
Lewisville
liAzy ) AL
| Shady Shares M e
Robinso, i
. Corlnth Hackberry
Fay
d @3 i
Lake sharon DS
- | -1
| Hidden
| Cove Park
Hickory Creek -~
- HTCkaTy FTTROE 2499
; HERE NASA A A 2 Poiwered by E

Denton Area BGI Site Location Survey Community Map



Click on the Resource Library below to find online resources
like literature, videos, educational activities and more!

Blue-Green Infrastructure
Education Resource Library

Alphabetized collection of resources on nature-based stormwater solutions
ineluding BGI,; GSI, Gl, and other related acronyms

CIVIC Inngvation Team

November 17, 2022

Blue-Green Infrastructure Education Resource Library

Hub Platform:
Interactive tools for
co-development of
data with local
communities

Citizen Science Projects

C-GAM Community Survey Tool
Site Characteristics
Plant Selection
Maintenance
Community Risks + Benefits
Level of Service
(Education, Social Connectivity)

v

- Educational Modules

a

- Training Workshops

v

- Interactive Signage

- K-12 and Undergraduate
classroom materials

Current State of BGI Asset

Summarizes and identifies the current condition of the BGI site/asset.

Note: Answers should refer specifically to the BGI site, but can also include the grounds
immediately surrounding if applicable (i.e. parks, walkways, etc.).

I Site Characteristics &

Site vegetation appears healthy*

Strongly Disagres MNeutra Agres Strengly Agree Not Applicable

Disagres

Filter material and/or rocks support the intended function of the site*

Click here for definition of “filter material” in this context.

Strongly Disagres MNeutra Agres Strengly Agree Not Applicable

Disagres
Main site structures (engineered components) in good condition*

Strongly Disagres MNeutra Agres Strengly Agree Not Applicable

Dizagree
Existing signage is well-maintained and up-to-date*

Strongly Disagree MNeutra Agree Strongly Agree Not Applicable

Dizagree
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