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Retention and LID Requirements
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Small MS4 Permit Retention Requirement - 4.2.5.3.4

Each Permittee shall develop and define specific hydrologic method or methods for 
calculating runoff volumes and flow rates to ensure consistent sizing of structural BMPs in 
their jurisdiction and to facilitate plan review. By March 1, 2019, new development or 
redevelopment projects that disturb greater than or equal to one acre, including projects 
less than one acre that are part of a larger common plan of development or sale must 
manage rainfall on‐site, and prevent the off‐site discharge of the precipitation from all 
rainfall events less than or equal to the 90th percentile rainfall event. This objective must 
be accomplished by the use of practices that are designed, constructed, and maintained 
to infiltrate, evapotranspire and/or harvest and reuse rainwater. The 90th percentile 
rainfall event is the event whose precipitation total is greater than or equal to 90 percent 
of all storm events over a given period of record. lf meeting this retention standard is 
technically infeasible, a rationale shall be provided on  a case by case basis for the use of 
alternative design criteria. The project must document and quantify that infiltration, 
evapotranspiration and rainwater harvesting have been used to the maximum extent 
technically feasible and that full employment of these control are infeasible due to site 
constraints.

March 1, 2020
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LID Guidance Document
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Accessing the LID Guidance Document
waterquality.utah.gov
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Accessing the LID Guidance Document
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Agenda & Format

Overview of Permit Requirements

Low Impact Development

Storm Water Integration

BMP Overview

The 90th Percentile Volume

Group Exercise #1

Break

Land Use Examples

Local Examples

Storm Water Quality Report

Group Exercise #2

Final Q&A

Q&A after each section
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Overview of Permit Requirements

Overview of Permit Requirements

Low Impact Development

Storm Water Integration

BMP Overview

The 90th Percentile Volume

Group Exercise #1

Break

Land Use Examples

Local Examples

Storm Water Quality Report

Group Exercise #2

Final Q&A



Low Impact 
Development

“The term low impact development (LID) refers to systems and 
practices that use or mimic natural processes that result in the 
infiltration, evapotranspiration or use of stormwater in order to 
protect water quality and associated aquatic habitat.”

‐EPA
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Low Impact Development
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Low Impact DevelopmentGreen Infrastructure

Site Design Practices Best Management Practices (BMPs)

Description of Terms



Low Impact Development
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Green Infrastructure

Description of Terms

Broader principles
• Ecological services
• Air quality
• Storm water
• Enhance aesthetics
• Municipal planning
• Watershed management



Low Impact Development
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Low Impact Development

Description of Terms

Project Level Planning
• Engineered systems (structural or natural)
• Site design practices
• Retain runoff onsite 
• Infiltration, evapotranspiration, harvest and/or reuse



Low Impact Development
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Site Design Practices Best Management Practices (BMPs)

Description of Terms

• Reduction of impervious surfaces
• Disconnected impervious surfaces
• Curb cuts
• Other…

• Long‐term BMPs
• Rain gardens, infiltration basins, etc
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Low Impact Development

Overview of Permit Requirements

Low Impact Development

Storm Water Integration

BMP Overview

The 90th Percentile Volume

Group Exercise #1

Break

Land Use Examples

Local Examples

Storm Water Quality Report

Group Exercise #2

Final Q&A

Questions?



Storm Water 
Integration
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Storm Water Integration
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At the Jurisdictional Level

Jurisdictional Level

General Master Plans

Storm Water Management Programs

Storm Water Master Plans

Watershed Management Plans

Development Standards

Ordinances

Technical Guidance Documents

Maintenance Agreements

Other Planning Documents

“Have responsibilities been assigned?”

“Does everybody know their role?”



Storm Water Integration
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At the Jurisdictional Level

Ordinances
Should promote or mandate LID principles

 Promote/preserve open spaces

 Include LID analysis as part of site plan review

 Allow for pervious surfaces

 Encourage clustering development

 Allow appropriate vegetation

 Address maintenance agreements

 Determine final ownership of LID features

 Require maintenance schedule and activities

 Allow for permittee access

 Provide method of resolution if violation of 

agreement occurs

“Do we need a gap analysis of our 
ordinances?”

“Do our ordinances prevent LID?”



Storm Water Integration
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At the Jurisdictional Level

Other Jurisdictional Considerations

Impaired Waters

 Total Maximum Daily Loads 
(TMDLs)

 Focus on identified pollutants

Retrofit Planning

 Evaluation and prioritization 
of existing sites

 Adding curb cuts

 Dual‐purpose basins

Cache County watersheds where a TMDL is required or approved.



Storm Water Integration
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At the Project Level

Project Level

Site Considerations

Site Design Practices

Documentation



Storm Water Integration
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At the Project Level

Site Considerations

1. Soils

2. Groundwater

3. Existing Drainage Patterns

4. Existing Pervious Areas and Vegetation

Groundwater

• Depth to groundwater
• Contaminated groundwater
• Wellhead protection areas
• Jurisdictions can decide 

what is appropriate

Soils

HSG

A

B

C

D

Web Soil Survey (B, C, & D soils in North Logan)

Infiltration Soil Types
90% Sand or Gravel – low runoff

20% Clay, 50%‐90% Sand or Gravel – moderately low runoff

20%‐40% Clay, < 50% Sand or Gravel – moderately high 
runoff

>40% Clay, <50% Sand or Gravel – high runoff



Storm Water Integration
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At the Project Level

Site Considerations

1. Soils

2. Groundwater

3. Existing Drainage Patterns

4. Existing Pervious Areas and Vegetation

Existing Drainage Patterns Existing Pervious Areas and 
Vegetation

• Maintain existing 
opportunities for retention

• Preserve existing 
drainage patterns

• Mirroring hydrology 
is more likely



Storm Water Integration
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At the Project Level

Site Design Practices

1. Reduction of Impervious Surfaces

2. Disconnected Impervious Surfaces

3. Curb Cuts

Others…

Reduction of Impervious 
Surfaces Disconnected Impervious Areas Curb Cuts



Storm Water Integration
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At the Project Level

Documentation

Storm Water Quality Report Template

Documentation of decision making and calculations

Ensure consistent design

Will discuss in more detail later…
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Storm Water Integration

Overview of Permit Requirements

Low Impact Development

Storm Water Integration

BMP Overview

The 90th Percentile Volume

Group Exercise #1

Break

Land Use Examples

Local Examples

Storm Water Quality Report

Group Exercise #2

Final Q&A

Questions?



BMP Overview
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BMP Overview
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12 LID BMPs Retention

Retention BMPs retain and treat

Treatment BMPs treat but don’t retain

Rain Garden, BR‐1

Bioretention Cell, BR‐2

Bioswale, BR‐3
Vegetated Strip, BR‐4

Tree Box Filter, BR‐5

Green Roof, BR‐6

Pervious Surfaces, PS‐1

Infiltration Basin, ID‐1

Infiltration Trench, ID‐2

Dry Well, ID‐3

Underground Infiltration Galleries, ID‐4

Harvest and Reuse, HR‐1

vs Treatment

Bioretention

Infiltration Devices

Pervious Surfaces

Harvest and Reuse



BMP Overview
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Retention



BMP Overview
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Treatment



BMP Overview
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 Pollutant Removal Effectiveness

 Design Criteria

 Calculation Methods

 Sample Calculations

 Evaluating BMP Effectiveness

 Technical Infeasibilities

Water Quality Concerns

 Designer Checklist

Fact Sheets

 Vegetation Selection

 Installation

 Installation Costs

Maintenance

Maintenance Activities

Maintenance Costs

 Figures



BMP Overview
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Fact Sheets

Pollutant Removal Effectiveness Design Criteria



BMP Overview
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Fact Sheets

Calculation Methods & 
Sample Calculations

Evaluating BMP Effectiveness

• Retention is occurring

• Treatment goals are met

• Signs of failure

• Ponding

• Sediment build up

• Failing vegetation

• Structural failure

𝑄  
1.49

𝑛 𝐴𝑅 𝑆

𝑡
𝐷 𝑛 𝑑

𝑘

𝐴
12𝑥𝑆𝐹𝑥𝑊𝑄𝑉

𝑘𝑡



BMP Overview
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Fact Sheets

Technical Infeasibilities Water Quality Concerns

• Mobilization of pollutants• High groundwater

• Contaminated groundwater

• Soils that don’t infiltrate

• Insufficient project space

• Proximity to structure 
foundations



BMP Overview
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Fact Sheets

Designer Checklist

Vegetation Selection



BMP Overview
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Fact Sheets
Installation Maintenance Activities/Frequencies
‐ Excavation

‐Grading

‐ Fine grading

‐Granular borrow fill

‐ Landscaping and vegetation

‐Top layer

‐Outlet structure or upstream bypass 
structure (for larger storm events)

‐ Soil matrix (if needed)

‐ Impermeable liner (if needed)

‐Underdrain system (if needed)

‐ Irrigation system (if needed)

‐ Inspect for vegetative coverage

‐ Inspect side slopes for erosion

‐ Inspect for trash and debris

‐ Inspect for soil clogging

‐ Inspect for standing water

Inspection recommended twice a year (Fall and Spring)

Installation Costs

Maintenance Costs
Costs will vary
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BMP Overview

Overview of Permit Requirements

Low Impact Development

Storm Water Integration

BMP Overview

The 90th Percentile Volume

Group Exercise #1

Break

Land Use Examples

Local Examples

Storm Water Quality Report

Group Exercise #2

Final Q&A

Questions?



The 90th
Percentile 
Volume
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1. Why the 90th?

2. How to Calculate

3. WQV vs Vgoal



The 90th Percentile Volume
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Why the 90th?
Guo & Urbonas

“Maximized” Water Quality Capture Volume



The 90th Percentile Volume
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How to Calculate

Step 1 Determine the 90th Percentile Precipitation Depth

Step 2 Determine the project’s imperviousness.

Step 3 Volumetric Runoff Coefficient

Step 4 Determine 90th Percentile Volume

Vgoal = RVdA

Vgoal = 90th Percentile Volume

d

RV

imp & A

Vgoal



The 90th Percentile Volume
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Step 1

Obtain long‐term reliable rainfall data.
1. Active rain gage
2. 30 years of data
3. 90% data coverage

2
9

19
11

16
10

2
7

2
4

0
1

0 5 10 15 20

0.45" ‐ 0.50"
0.50" ‐ 0.55"
0.55" ‐ 0.60"
0.60" ‐ 0.65"
0.65" ‐ 0.70"
0.70" ‐ 0.75"
0.75" ‐ 0.80"
0.80" ‐ 0.85"
0.85" ‐ 0.90"
0.90" ‐ 0.95"
0.95" ‐ 1.00"
1.00" ‐ 1.50"

90th Percentile Depth at 83 Utah Rain Gages

Number of Rain Gages

Daily rainfall summaries

Rainfall data sources

Other sources that meet criteria

Determine the 90th Percentile Precipitation Depth, d

Appendix A

Usually between 0.50” and 0.85”



The 90th Percentile Volume
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Step 2 Determine the Project’s Imperviousness

Imperviousness =
Impervious Area within Project Limits

Total Project Area



The 90th Percentile Volume
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Step 3 Determine the Volumetric Runoff Coefficient, RV

• Not the same as the Rational Method C

• RV is more appropriate for smaller, more 
frequent storms

• Typically smaller values than C

What is RV?

RV =
Monitored Runoff Volume

Total Precipitation Volume

Method 1 – Reese
Applicable for urban development
RV = 0.91 x imp – 0.0204

Method 2 – Hydrologic Soil Groups
RV‐A = 0.84 x imp1.302

RV‐B = 0.84 x imp1.169

RV‐C/D = 0.83 x imp1.122

Method 3 –Granato Method
Applicable for highways
RV = 0.225 x imp + 0.05; when imp < 0.55
RV = 1.14 x imp – 0.371; when imp ≥ 0.55

Methods Used in the Manual



The 90th Percentile Volume
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How to Calculate

Step 1 Determine the 90th Percentile Precipitation Depth

Step 2 Determine the project’s imperviousness.

Step 3 Volumetric Runoff Coefficient

Step 4 Determine 90th Percentile Volume

Vgoal = RVdA

Vgoal = 90th Percentile Volume

d

RV

imp & A

Vgoal
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Vgoal vs Water Quality Volume (WQV) 

Vgoal WQV

D
isturbance Lim

itsD
is
tu
rb
an

ce
 L
im

its

BMP2

BMP1 BMP2

Sub‐drainage Boundary

Vgoal calculated from:

Project disturbance limits

Project imperviousness

90th Percentile Storm Depth

Vgoal = RVdA

WQV calculated from:

BMP’s drainage area

Imperviousness of BMP’s drainage area

90th Percentile Storm Depth

WQV = RVdA

𝑉 𝑊𝑄𝑉
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The 90th Percentile Volume

Overview of Permit Requirements

Low Impact Development

Storm Water Integration

BMP Overview

The 90th Percentile Volume

Group Exercise #1

Break

Land Use Examples

Local Examples

Storm Water Quality Report

Group Exercise #2

Final Q&A

Questions?



Group Exercise
Calculate Vgoal

Calculate WQV for 3 drainage areas

44



Review of 
Group Exercise
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Imp =
3.27 ac
5.00 ac

= 0.65

RV = 0.91 x imp – 0.0204
RV = 0.91 x (0.65) – 0.0204
RV = 0.57

Vgoal = RVdA
Vgoal = (0.57)(0.60”/12)(5.0 ac x 43,560 sf/ac)

Imperviousness

Runoff Coefficient

Project Volume Retention Goal

Vgoal = 6,259 cf



Review of 
Group Exercise
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WQV = RVdA
WQV1 = (0.45)(0.60”/12)(1.02 ac x 43,560 sf/ac)

Water Quality Volume

WQV1 = 1,005 cf
WQV2 = (0.56)(0.60”/12)(1.29 ac x 43,560 sf/ac)
WQV2 = 1,568 cf
WQV3 = (0.63)(0.60”/12)(2.69 ac x 43,560 sf/ac)
WQV3 = 3,686 cf

= WQV1 + WQV2 + WQV3 = 6,259 cf𝑊𝑄𝑉 = Vgoal



Break
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Overview of Permit Requirements

Low Impact Development

Storm Water Integration

BMP Overview

The 90th Percentile Volume

Group Exercise #1

Break

Land Use Examples

Local Examples

Storm Water Quality Report

Group Exercise #2

Final Q&A



Land Use 
Examples

48
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Land Use Examples
Residential Highway

Public/Industrial
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Land Use Examples
Residential

Parkstrip Retention

Dry Well



51

Land Use Examples
Highway

Vegetated Swale

Water Quality Detention Basin

Median Pervious Areas
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Land Use Examples
Public/Industrial

• 4 swales

• 3 rain gardens

• Pavers
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Land Use Examples

Overview of Permit Requirements

Low Impact Development

Storm Water Integration

BMP Overview

The 90th Percentile Volume

Group Exercise #1

Break

Land Use Examples

Local Examples

Storm Water Quality Report

Group Exercise #2

Final Q&A

Questions?



Local 
Examples
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Lance Anderson, Kayenta Development – Ivins

James Darling, Spanish Fork SWMP Administrator

Steve Burian, PhD – University of Utah

Ryan Dupont, PhD – Utah State University



LID in 
Southern Utah
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Kayenta

Reduced road width
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Kayenta

Preserve open spaces

Remove curb cuts for 
sheet flow

Retention achieved 
with infiltration vaults



MS4 AND LOW IMPACT DEVELOPMENT 
IMPLEMENTATION

James Darling
SWMP Administrator



LID IMPLEMENTATION PERCEPTION



STARTING YOUR LID
Who, What, When, Where, Why, and How?

1. Who is required to install LID. 

2. What product needs to be in place.

3. When should LID products be built or placed.

4. Where should LID be used.

5. Why should a particular LID be used and what purpose does it serve.

6. How can we maintain, afford, and enforce LID.



COLLABORATE



UNDERGROUND STORAGE - R-TANK



2014 INSTALL



2014 INSTALL



ALTERNATIVES 

StormBrixx



ALTERNATIVES 



DEVELOPER/CONTRACTOR 
Benefits:
● Very few Basins
● Extra footprint(s) for development
● Less and smaller piping
● Install costs are comparable
● Less Impervious Area(s)
● Impact Fees dropped around $1500 

per/acre
● In compliance



LID BANK

25 YEAR 
STORM EVENT

FUNDS FEASIBLE 
LID PROJECTS

10 YEAR 
STORM EVENT

RETAINED



ORDINANCES 



FUTURE OF LID 

QUESTIONS?



Research Guiding 
LID Design at 

Site-to-Watershed Scales in SLC

Steve Burian
Professor, Civil & Environmental Engineering

Director, Water Center
Project Director, U.S.-Pakistan Center for Advanced Studies in Water

Associate Director, Global Change and Sustainability Center

steve.burian@utah.edu



This Stuff Works…in Utah!



15 Years of Effort



Key Points
1. Research-backed guidance for design of LID controls is 

available to meet hydrologic and pollutant removal 
objectives in SLC

2. Cost and performance optimized catchment scale LID 
control requirements have been produced for typical 
developed areas in SLC to meet 90th percentile criterion

3. More research is needed: 
1. winter performance
2. long-term durability (and O&M strategies/costs)
3. representation in capital improvements planning (e.g., failure, 

replacement cost)
4. modifications for climate change



LID Control Study Sites



Research Thrust: Configuration
1. What is a recommended bioretention cross section?
2. What types and configurations of plants are 

recommended for semi-arid climate?

95th percentile storm 20 mm (0.78”)

storage layer depth 0.6 m (2’)

garden area as % 
drainage area

5 %

expected annual runoff 
captured 97%

Houdeshel, Hultine and Pomeroy (2012). “Bioretention Design 
for Xeric Climates Based on Ecological Principles.” Journal of 
American Water Resources Association.



Research Thrust: Plant Selection

Houdeshel, Hultine and Pomeroy (2012). “Bioretention Design for Xeric Climates Based on Ecological Principles.” Journal 
of American Water Resources Association.



Research Thrust: Plant Selection
 Vegetation Cost

Variable ~ $30/square yard

 Timing of plant incorporation
Dormant period ‐ late fall, very early 
spring

 Maintenance
Comparatively very low, once native or 
drought tolerant vegetation is 
established
Irrigation may or may not be required
Weed removal and pruning

(Bush and Burian 2018)



Research Thrust: Water Fluxes
1. What is partition of water fluxes from bioretention site 

into ET and infiltration?
2. What is rate of vertical and horizontal exfiltration from 

stored water in bioretention site?



Research Thrust: Water Fluxes
1. Infiltration dominated ET at two study sites 

(Mountainview Park and UU campus)
2. Avg vertical exfiltration rate of 3 ft/day
3. Avg horizontal exfiltration rate of 10 ft in 3 days



Research Thrust: Water Fluxes
1. Recommend vulnerable underground infrastructure at 

least 20 ft from bioretention
2. Recommend higher density of plants for more ET
3. Recommend engineered soil for greater storage 

retention and pollutant removal



Urban Agriculture 
Test Sites

Riparian 
Research 
(existing)

Green Infrastructure Research Facility



Research Thrust: Nutrient Removal
1. How well do wetland vs. native upland plantings control 

nutrients?
2. Semi-arid designs use fewer plants – are plants helpful? 

1) Native Upland: 9 
bunchgrasses, 8 
shrubs – no 
irrigation

2) Wetlands: densely 
planted cattails, 
willows, and 
bulrushes

3) Control: no plants



Bioretention Design for the Wasatch Front

“Upland” “Wetland” “Control”
Species name Common Name Form Species name Common Name Form

N
o 

pl
an

ts

Schizachyrium
scoparium

Little Blue Stem Bunchgrass Juncus
effuses

Common rush Rush

Bouteloua
gracilis

Buffalo Grass Bunchgrass Dactylis
glomerata

Orchardgrass Bunchgrass

Sorghastrum
nutans

Indiangrass Bunchgrass Typha
sp.

Cattail Bunchgrass

Amelanchier
utahensis

Utah Serviceberry Shrub Phragmities
sp.

Phragmites Bunchgrass

Cercocarpus
ledifolius

Curl‐leaf
mahogany

Evergreen Salix 
exigua

Coyote willow Shrub, Tree

Artemisia
cana

Silver sage Shrub Medicago
sativa

Alfalfa Forb

Research Thrust: Nutrient Removal



University of Utah
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Research Thrust: Nutrient Removal
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Solution: watershed protection
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Research Thrust: Nutrient Removal

(Houdeshel et al. 2012)



Solution: watershed protection

p < 0.01

Research Thrust: Nutrient Removal

(Houdeshel et al. 2012)



Solution: watershed protectionResearch Thrust: Nutrient Removal
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Summary of Field Research

1. Bioretention garden design produced from 
synthesis of engineering and ecology literature

2. This semi-arid design does improve N and P water 
quality, but not as well as wetlands

3. Plants assimilate stormwater N into biomass



Catchment Scale Modeling Research



Research Thrust: 90th %ile Design
1. What amount of LID is needed for 90th percentile 

control?

SWMM Model 
Inputs
Area (ac) 100
Width (ft) 1893
% Slope 2.07
% Impervious 49
N Impervious 0.014
N Pevious 0.10
D Store 0.05
D Store 0.05
% Zero 
Impervious 25
Curve Number 77



Research Thrust: 90th %ile Design



Research Thrust: 90th %ile Design



Research Thrust: 90th %ile Design

(Jensen 2018)



Research Thrust: 90th %ile Design
1. 1.7 acres of bioretention per 100 acres of developed 

land (1.7% of the area), very roughly $2500/acre capital 
cost

2. 1.5 acres of pervious concrete per 100 acres of 
developed land (1.5% of the area), very roughly 
$3500/acre capital cost



Research Thrust: Natural Hydrology
1. Can LID controls installed in new development match 

pre-development catchment hydrology?

(Source: itree-tools.org)



Research Thrust: Natural Hydrology



(Feng et al. 2016)

Research Thrust: Natural Hydrology



(Feng et al. 2017)

Research Thrust: Natural Hydrology



Research Thrust: Natural Hydrology



Extrapolate to all campus…



Research Thrust: Optimization
1. Can we optimize LID plan on performance & cost?

• Two optimization 
problems are setup: 
objectives of WBRC
and Runoff

• For each optimization, 
Implementation 
Costs was considered 
as the 2nd objective

• NGPM (NSGA-II 
Program in MATLAB) 
has been modified to 
set up the optimization 
framework



• A 0.11 km2 urban 
subcatchment in stormwater
drainage network of Salt Lake 
City, is the focus of this study.

• A SWMM model calibrated for 
the studied area was used for 
rainfall‐runoff modeling (Feng 
et al. 2016)

• Genetic Algorithm 
Optimization details:
• No. population: 50
• No. generation: 200
• Variable: The area of a defined 

bioretention plan
• No. Variables: 51 

(subwatersheds)

Research Thrust: Optimization



Research Thrust: Optimization
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• Use of GI to meet 90th percentile control will 
lead to stormwater management plan that can 
recreate natural hydrologic cycle

• Optimization maximizing cost and WBRC will 
lead to, on average, 14% more infiltration when 
compared with runoff reduction optimization



Other Benefits: Systems Research



Current Research



Your Take Home
1. Use bioretention configuration and vegetation specs
2. Apply optimized catchment scale LID control guidance
3. Plan for multiple benefits of LID controls
4. Link installations to research:

• winter performance
• long-term durability (and O&M strategies/costs)
• asset management planning
• modifications for climate change
• Etc.



Steve Burian
Professor, Civil & Environmental Engineering

Director, Water Center
Project Director, U.S.-Pakistan Center for Advanced Studies in Water

Associate Director, Global Change and Sustainability Center

steve.burian@utah.edu



THE GREY TO GREEN 
INFRASTRUCTURE 
TRANSITION

Dr. R. Ryan Dupont, CEE, UWRL, USU



WHAT WE’LL DISCUSS THIS 
MORNING

“Future” of Stormwater Management 

The What’s

The How Well’s

Concluding Remarks



“FUTURE” STORMWATER 
MANAGEMENT – GREEN 
INFRASTRUCTURE & LID



GI/LID DESIGN PRINCIPLES

Move from Historical Centralized Stormwater Collection and 
Rapid Conveyance

TO Distributed Management

Design to Minimize Impact TO

Receiving Ecosystem

Water Supplies

Livability of Your Own & Downstream Communities



GREEN 
INFRASTRUCTURE 
& LOW IMPACT 
DEVELOPMENT 
OPTIONS

THE WHAT’S



CURB CUTS & SWALES



THE HOW WELL’S - ISSUES 
REMAIN

What is Feasible in Arid 
Regions?

How Well Do these Systems 
Perform?

What is Appropriate Approach 
for New & Retrofitted 
Systems?

How Do We Make them 
Sustainable?



SERIES OF STUDIES OVER 
LAST 10 YEARS TO ASSESS 
PERFORMANCE OF BMPS & GI 
SYSTEMS IN NORTHERN UTAH
• Field Evaluation of Three BMPs in Logan
• Greenhouse Study of BMP Performance f(Plant Species & 

Metals & Nutrient Loading)
• Field Study of Performance f(Plant Species & Harvesting)
• Field Studies of GI Systems Cache & Salt Lake County



FIELD EVALUATION OF BMPS

Evaluation of Three Typical Post-Construction, Vegetated 
BMPs
Three Natural Rainfall Events
Flow and Pollutant Reduction Assessment

Retention Pond



Wet Detention Basin Only BMP Providing Consistent 
Pollutant Removal & Peak Flow Reduction

78 to 83% Reduction of Flow
66 to 83% Reduction of Pollutant Mass Loading

From Hydrographs – Water Retention w/In BMPs Vital 
to Reducing Pollutant Loads in BMPs

RESULTS
Retention Pond



VEGETATIVE IMPACTS ON 
STORMWATER QUALITY
IMPROVEMENTS
Greenhouse Study

Six Plant Species

N, P & Metals Removal 
Performance

Field Demonstration Study

Three Plant Species & Controls

N, P & Metal Uptake

Growth & Harvesting in Northern 
Utah Climate



Six BMP Species Evaluated in Greenhouse Study

Unplanted%Controls%

Common%Reed% Ca_ail% So` ?stem%Bulrush% Hard?stem%Bulrush%

Clustered%Field%Sedge% Smallwing%Sedge%

+)



FINDINGS OF GREENHOUSE 
STUDY

• Any Planted System Maintains 
Long-Term Infiltration Rates

• >80% Retention of Cu, Pb, Zn by Soil

• Roots & Shoots Actively Take Up TN

• Significant Plant Variability in 
Pollutant Uptake

• Sedge Had Consistently Higher 
Removal of All Pollutants than Other 
Species, Concentrated in Above 
Ground Tissue



FIELD DEMONSTRATION SITE – GREEN 
MEADOWS SUBDIVISION, LOGAN



Naturally Seeded

FIELD DEMONSTRATION SITE
Treatment Areas Planted with One of Three Species or 
Allowed to Naturally Seed

Small Wing Sedge              
(Carex spp.)

Maximilian Sunflower             
(Helianthus maximillian)

Cattail (Typha latifolia)



FIELD DEMONSTRATION SITE 
FINDINGS

Plant Growth Stabilizes Over 3 Yr Period

No Benefit to More than Annual 
Harvesting for Metals

N & P Recovery Increase w/2x Year 
Harvesting

Plant Species Selection has Significant 
Impact on Pollutant Uptake

Sedges > Uptake Cu, Zn than Sunflower or 
Cattails

Sedges > Uptake Total-N, and Total-P than 
Sunflower

Sedges Store Pollutants Preferentially in 
Above Ground Tissue for “Easy” 
Harvesting



GI STUDY AREA

300 East Logan, UT – Curb-Cut Bioswale



300 EAST LOGAN

Curb Cut Bioswale
Planted with Turf Grass & 
Pear Trees
Sample

Influent to Bays
Pore Water @ Two 
Depths – N&P & Metals



300 EAST POLLUTANT REMOVAL 
(INFLOW/INFILTRATION) – GLOBAL 
AVERAGE SEVEN EVENTS
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DO THESE SYSTEMS WORK?

ABSOLUTELY… SORT OF



RAINFALL EVENTS 
COMPLETELY CONTAINED

Over Last 27 Mo @ Field  Sites

Multiple 25 Year Storms ≈ 3 in

Multiple 10 Year Storms ≈ 2 in 

No Overflow/Discharge to 
Surface Water

100% Pollutant Load 
Reduction to Surface Water

Groundwater Loading On-Going 
Concern



WHERE DO WE NEED TO GO?

Focus on Distributed Treatment & Multifunctional Solutions

Integration of GI Into Local Landscapes

Generate More System Performance Data

Generate Groundwater Impact Data



QUESTIONS?
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Local Examples

Overview of Permit Requirements

Low Impact Development

Storm Water Integration

BMP Overview

The 90th Percentile Volume

Group Exercise #1

Break

Land Use Examples

Local Examples

Storm Water Quality Report

Group Exercise #2

Final Q&A

Questions?



Storm Water 
Quality Report 
Template
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“If meeting this retention standard is technically infeasible, a rationale 
shall be provided on a case by case basis for the use of alternative design 
criteria. The project must document and quantify that infiltration, 
evapotranspiration and rainwater harvesting have been used to the 
maximum extent technically feasible and that full employment of these 
controls are infeasible due to site constraints.”

Small MS4 Permit ‐ Section 4.2.5.3.4



Storm Water Quality Report Template
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Project Information 
(p. 1) Site Characteristics (p. 2)

Water Quality 
Calculations (p. 3)

Project Information (General) Project Information –Calculation 
of Vgoal

Subsurface  Information

Soil Information

Drinking Water

Additional Relevant Site 
Information

LID Drainage Areas

LID BMP Design

Description of Technical 
Infeasibilities (if any)

Additional Storm Water Quality 
Measures Used on Project (if any)

Watershed/TMDL  
Information

Signatures



Storm Water Quality Report Template
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Project Information 
(p. 1)



Storm Water Quality Report Template
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Site Characteristics (p. 2)



Storm Water Quality Report Template
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Water Quality 
Calculations (p. 3)
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Storm Water Quality Report Template

Overview of Permit Requirements

Low Impact Development

Storm Water Integration

BMP Overview

The 90th Percentile Volume

Group Exercise #1

Break

Land Use Examples

Local Examples

Storm Water Quality Report

Group Exercise #2

Final Q&A

Questions?



Group Exercise

Complete a Storm Water Quality Report
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Page 1

Create project information representative of your developments.

Page 2

Create site characteristics based on previous group exercise and 
information representative of your developments.

Page 3

Complete tables and additional narration if needed. List typical 
infeasibilities that may be encountered at your developments.



Review of 
Group Exercise
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Final Q&A
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Contact Information

Lisa Stevens
Division of Water Quality
Storm Water Specialist
Email: lstevens@utah.gov
Phone: (801) 536‐4386

Jeanne Riley
Division of Water Quality
Storm Water Section Manager
Email: jriley@utah.gov
Phone: (801) 536‐4369

Steven Switzer, PE, MS
Michael Baker International
Email: steven.switzer@mbakerintl.com
Phone: (801) 562‐8342
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