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Glossary of Commonly Used Terms 

Best Management Practices (BMPs): Methods, measures or practices to prevent or reduce storm water 
runoff and includes both structural and nonstructural controls and operation and maintenance 
procedures. These controls and procedures serve to project water resources, minimize fugitive dust, 
manage waste and mitigate erosion. 

Detention: The process of temporarily collecting and storing surface water runoff such that the peak 
discharge is reduced below a specified threshold. Typically, a predevelopment value. 

Disturbance: The result of altering soil from its native or stabilized condition thereby rendering it subject 
to movement or erosion by water to potentially become or becoming a pollutant in site storm water 
runoff; also means soil disturbance.  

Erosion: The wearing away of land surface by water or wind, which occurs from weather or runoff, but 
is often intensified by human activity.  

Evapotranspiration: The loss of water from the soil both by evaporation from the soil surface and be 
vegetative transpiration. 

Facility: Aƴȅ άǇƻƛƴǘ ǎƻǳǊŎŜέ or any land, building, installation, structure, equipment, device, conveyance, 
area, source, activity or practice from which there is, or with reasonable probability may be, the 
introduction of storm water to the County MS4 or Storm Drainage Systems connected to the MS4 such 
that it is subject to regulation under the UPDES/NPDES program. 

Green Infrastructure (GI): The range of measures that use plant or soil systems, permeable pavement 
or other permeable surface or substrates, storm water harvest or reuse, or landscaping to store, 
infiltrate, or evapotranspirate storm water and reduce flows to the sewer systems or to surface waters. 

Low Impact Development (LID): Systems and practices that use or mimic natural processes that result 
in the infiltration, evapotranspiration or use of storm water in order to protect water quality and 
associated aquatic habitat. 

Mult i-Sector General Permit (MSGP): Permit that authorizes the discharge of storm water from facilities 
associated with any one of twenty-nine (29) industrial activities into a Municipal Separate Storm Sewer 
System that leads to a surface water or directly into a surface water. 

Municipal Operations: Any facility that is owned, operated or maintained by the governing entity.  

Municipal Separate Storm Sewer System (MS4s): a conveyance or system of conveyances (including 
roads with drainage systems, municipal streets, catch basins, curbs, gutters, ditches, man-made channels 
or storm drains) that are owned and operated by public entity, having jurisdiction to discharge into 
waters of the United States, and are designed or used for collecting or conveying storm water, but are 
not part of a combined sewer system and are not part of a publicly-owned treatment works (POTW). 

Non-Storm Water Drainage: Any drainage that is not composed entirely of storm water.  
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Operator: A party or parties that either individually or taken together have operational control over the 
site specifications, including the ability to make modifications in specifications and they have day-to-day 
operational control of activities at the site necessary to ensure compliance with plan requirements and 
permit conditions. 

Owner: The person, persons, or entity whose name appears on the title or deed to the subject property 
or properties.  

Outfall: Any location within a project site where storm water runoff or a non-storm water discharge exits 
the site.  

Operation and Maintenance Plan: A legally recorded document or section within a legally recorded 
document that specifies the processes, procedures and actions that will be implemented to ensure the 
long-term operation and maintenance of the post-construction storm water .atΩǎ. The plan, which is 
to be reviewed and accepted by the permitting agency, will delegate to a party or entity that is tied to 
the property (e.g. IƻƳŜƻǿƴŜǊΩǎ !ǎǎƻŎƛŀǘƛƻƴΣ bŜƛƎƘōƻǊƘƻƻŘ !ǎǎƻŎƛŀǘƛƻƴΣ /ƻƳƳǳƴƛǘȅ !ǎǎƻŎƛŀǘƛƻƴΣ 
Property Managing Company or Condominium Association) the responsibilities of implementation of the 
plan in perpetuity with the understanding that failure to perform the duties specified in the plan can 
lead to fines and civil penalties to be assessed to the owners of the property. 

Point Source: Any discernible, confined, and discrete conveyance, including but not limited to any pipe, 
ditch, channel, tunnel, conduit well, discrete fissure, container, rolling stock, concentrated animal 
feeding operation, landfill leachate collections system, vessel or other floating craft from which 
pollutants are or maybe discharged, excluding return flows from irrigated agriculture or agriculture 
storm water runoff. 

Pollutant: Sediment, fluids, toxic waste, dredged spoil, solid waste, substances and chemicals, pesticides, 
herbicides, fertilizers, and other agricultural chemicals, incinerator residue, sewage, garbage, sewage 
sludge, munitions, petroleum products, equipment, rock, sand cellar dirt (e.g. overburden material) and 
mining, industrial, municipal and agricultural waste or any other liquid, solid, gaseous or hazardous 
substance which has the capacity to degrade water quality. 

Retention: The process of collecting and indefinitely storing storm water runoff with the sole intent of 
infiltrating, evaporating, transpiring and/or reusing. For the purposes of this manual, retention systems 
should be expanded to include systems that temporarily detain storm water, filtering it through a soil 
medium and discharging through an underdrain and outfall at a rate and quality that does not adversely 
affect the downstream receiving waters. 

Sediment: Small particles of loose, unconsolidated organic and inorganic material that is broken down 
by processes of decay, weathering or erosion and can be subsequently transported by wind or water. 

Storm water: Any surface flow, runoff, and drainage consisting entirely of water from any form of natural 
precipitation and resulting from such precipitation.  

Structural Best Management Practices: Any physical means of controlling, capturing, diverting or 
conveying runoff or a point source for the purpose of reducing, to the maximum extent practicable, 
pollutants from exiting a site.  
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Urbanized Area: A portion of the County that has a population density of at least one thousand (1,000) 
people per square mile and/or meets other criteria set by the U.S. Bureau of Census in the latest 
Decennial Census. Or a densely settled core of census tracts and/or census blocks that have population 
of at least 50,000, along with adjacent territory containing non-residential urban land uses as well as 
territory with low population density included to link outlying densely settled territory with the densely 
settled core. It is a calculation used by the Bureau of the Census to determine the geographic boundaries 
of the most heavily developed and dense urban areas. 

Waters of the U.S.: As defined in 33 CFR 328.3(a) and 40 CFR 230.3(s).
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Introduction and Background 
In December 2018, the Utah Department of Environmental Quality Division of Water Quality (UT DWQ) 
prepared a manual intended to serve as a reference and guide for incorporating Low Impact 
Development (LID) approaches into new development and redevelopment projects in Utah. The manual 
was intended to provide guidance for planners and designers as well as small Municipal Separate Storm 
Sewer System (MS4) storm water managers in selecting appropriate practices for their communities.  

To meet the requirements of the State Permit, MS4 municipalities require that LID practices be discussed 
and analyzed at the initial stages of development prior to the approval of the concept plans, 
development plans or preliminary plats. 

UT DWQ guidance was provided to reduce to the maximum extent practicable pollutants transported in 
untreated storm water to the waters of the United States by using key Low Impact Development (LID) 
principles such as;  mimicking natural processes, promoting infiltration/ evapotranspiration/ harvesting/ 
reuse, and managing storm water with distributed systems close to the source. Additional LID 
rŜǉǳƛǊŜƳŜƴǘǎ ŀǊŜ ŜȄǇŜŎǘŜŘ ŦƻǊ ǇŜǊƳƛǘǘŜŘ a{пΩǎ, to develop a LID approach for retention of storm water, 
from the 80th percentile storm event for all new development and redevelopment projects that are 
greater than 1 acre or equal to or part of a common plan of development. In so doing, the UT DWQ 
guidance is designed to increase the use of LID practices and specific applications. 

While the UT DWQ manual provided a fairly comprehensive approach to LID applications to storm water 
management, concerns existed with the applicability, feasibility, and associated costs (long-term) of the 
LID practices presented within the manual as it related to the Dixie Metropolitan Area within Washington 
County, Utah.  

¶ Code Requirements 

Starting with the enactment of the Federal Clean Water Act in the 1970s and subsequently the 
initiation of the National Pollution Discharge Elimination System (NPDES), there has been a 
concerted effort to protect the nations waterways from storm water borne contamination. As 
recent as ǘƘŜ нлмлΩǎ, it is understood that the EPA began developing new rules to encourage the 
use of LID practices. In this context, more of an emphasis was placed on low-tech retention-based 
strategies as a proxy for contaminant reduction. Accordingly, the Utah Department of Water 
Quality (UT DWQ) has established MS4 permit minimum performance measures and 
requirements within its permit that, as part of long-term storm water management for new 
development and re-development, requires the establishment of a retention-based criteria for 
new and redevelopment. An anticipated update to the permit requirement which became 
effective March 1, 2020 (based on the December 24, 2019 draft) is summarized below: 

1. New Development (> 1-acre disturbance): Retention of the 80th percentile rainfall event or to 
limit offsite discharges to a pre-developed hydrologic condition, whichever is less. 
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2. Redevelopment (> 1 acres): If the redevelopment increases the impervious surfaces by more 
than 10%, then the site design should prevent the discharge of (retain) the net increase in 
volume associated with all precipitation events up to the 80th percentile rainfall event. 

The guidance further clarifies that these objectives must be accomplished by methods designed, 
constructed and maintained to infiltrate, evapotranspire and/or harvest and reuse the rainwater 
(UPDES, 2019). The permit also requires the evaluation of LID retention strategies to meet the 
storm water quality objectives to the maximum extent feasible. Feasibility or infeasibility as 
specified in the permit will require the developer to document and quantify how infiltration, 
evapotranspiration, and rainwater harvesting have been used to the maximum extent possible 
or provide documentation to explain why implementation of LID measures is not possible. 

¶ Purpose 

As part of the requirements associated with operating an MS4, Coalition Member Cities have 
prepared this Applicability Matrix in order to:  

1. Provide regional context for application of LID based storm water management. 

2. Provide minimum criteria for the regional use of UT DWQ LID practices. 

3. Provide an understanding of relative costs associated with standard LID practice 
implementation. 

This document addresses the initial screening of recommended practices and will aid as a 
decision-making-tool for planners, developers and engineers in the Dixie Metropolitan Area. It is 
not intended to replace or supersede any existing Local, Regional, State or Federal guidance nor 
is it intended to be used as a prescriptive tool. Each site should be evaluated independently to 
determine the best LID based storm water management practice. 

¶ Urbanized Area - Geographical Limits 

This manual is intended for regulated cities within Washington County, Utah, defined as the Dixie 
Metropolitan Area which includes the City of St. George, Washington City, Santa Clara City and 
Ivins City. This area is also referred to as the Dixie Storm Water Coalition Region. Guidance found 
in this manual could be applied to other arid regions. However, such use is beyond the intent of 
this document and is therefore cautioned. 

¶ Receiving Waters 

The receiving waters, often referred to as waters of the United States and/or navigable waters 
associated with Dixie Metropolitan Area of Washington County Utah are the Santa Clara River 
and the Virgin River.  

Regional Constraints 
Regional soils are known to be problematic for water retention or detention adjacent to infrastructure. 
While LID practices may have benefits, common concerns exist regarding the applicability of various LID 
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practices with regard to the long-term maintenance and viability of these features in the Dixie 
Metropolitan Area. The following sections provide an overview of the geological and soil conditions that 
exist in the region. Maps that can be used to help determine applicability are provided at the end of this 
document. 

¶ Soils & Geology 

An understanding of the various geology and soils within the project area will aid in informing 
the user regarding the applicability of various Utah standard LID practices. As an overview, United 
States Department of Agriculture Natural Resources Conservation Service (NRCS) Soil Survey data 
was used to evaluate soil data within each of the metropolitan areas. Estimates are expressed as 
percentages of the total area in Table 1. 

Table 1: Prevalence of Regional Soil Parameters 

CITY 

HYDROLOGIC SOIL GROUP (%) 

Bedrock within 5 feet from 
surface (%) A+ B C D Other 

Washington City 43.7 12 27.6 16.7 34.9 

Saint George 44.5 20.7 6.8 28 18.9 

Santa Clara 29.9 8.7 35.9 25.5 39.8 

Ivins City 58.6 12.4 23 6 12.5 

Regional data indicates a significant range of infiltration rates from about 0.16 to 4.0 inch/hour. 
Hydrologic Soil Group (HSG) ratings are somewhat indicative of the infiltration rates and can be 
useful for selecting LID BMPs. HSG A is characterized by a high infiltration capacity while HSG 
Type D soils typically shows very low infiltration capacity. Note that HSG type D soils cover 
approximately 23 percent of the Dixie Storm Water Coalition Region. 

Regional data also suggests that near surface soils are predominantly of eolian or alluvial 
deposits. However, there are also residual soils derived from bedrock weathering/decomposition 
processes. The eolian deposits are characterized by relatively low plasticity, low density, and 
relatively high porosity. They exhibit collapse potential upon saturation, which may be as high as 
10 percent. The alluvial deposits include a wide range of soils that are both plastic and non-
plastic. They may exhibit expansion or collapse potential of slight to moderate magnitude. 
Properties of the residual soils derived from bedrƻŎƪ όǎƻƳŜǘƛƳŜǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŎƻƭƭǳǾƛǳƳέύ 
depend on the parent material type. Claystone derived soils, as well as weathered claystone, may 
exhibit expansion potential with sometimes high-expansive pressures. Additionally, gypsum and 
gyspsiferous soils are commonly found in the Dixie Storm Water Coalition Region. Hydration of 
these soils can dissolve the gypsum and cause severe complications for infrastructure. Special 
attention must be given when these conditions are concealed.  
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To aid in the planning stages of a proposed project and to inform the user regarding potential hazards 
that may affect their project several maps are provided. These maps are not a replacement for detailed 
geotechnical evaluation for a specific project but are provided as a guide for planning purposes only. 

¶ Climatology 

Utah contains a wide range of climatological variability, Washington County alone contains three 
distinct climate regions; the Colorado Plateau Region (to the east and northeast), the Great Basin 
Region (to the northwest), and the Mojave Desert Region (which encompasses the Dixie Storm 
Water Coalition Region). Located in an arid desert region of southwest Utah, the Dixie Storm 
Water Coalition Region is characterized by hot summers (average high temperature in June, July 
and August is near or over 100 degrees Fahrenheit) and infrequent precipitation, generally less 
than an inch per month. With an annual precipitation of just over 8 inches and with some of the 
lowest elevations in Washington County there is little permanent vegetal ground cover and high 
sediment yields indicating an additional consideration for application of selected LID BMPs. 
Infrequent precipitation and climate variability should be considered in the selection of any LID 
BMP especially those that depend on the establishment of permanent vegetation. In accordance 
with UT DWQ gage analysis procedures the 80th percentile depth for the Dixie Storm Water 
Coalition Region is 0.44-inches. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Percentile Rainfall Chart 
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Retention Volume 
The Utah DWQ LID manual provides examples on how to calculate the Water Quality Retention Volume 
(WQRV) for compliance with the permit. In general, the form of the WQRV equation is as listed below: 
 

ὡὗὙὠ  Ϸz ᶻ
, EQ 1 

Where, 
 WQRV = Water Quality Retention Volume, in ac-ft, 
 P80% = 80th percentile precipitation value (excluding snowfall, from gage analysis, in inches), 
 Rnew = Storm Water Runoff Coefficient associated with the proposed new development, and 
 Rnew = 1.14 (Imp) -0.371 when imp җ рр҈ 
 Rnew = .225 (Imp) +-0.05 when imp Җ рр҈ 
 A = Area, in Acres. 
 Imp = decimal percentage of impervious surface in the contributing watershed 
 
For new development greater than 1-acre, and areas smaller than 1 acre but are part of a common plan 
of development, the permit specifies prevention of runoff from all events less than the 80th percentile 
rainfall or a predeveloped hydrologic condition, whichever is less.  
 
For redevelopment greater than 1-acre, the current permit allows the retention from the increases only 
as shown in the Equation below: 

ὡὗὙὠ 
Ϸz ᶻ

,  EQ 2 

Where, 
 WQRV = Water Quality Retention Volume required to maintain existing conditions, in ac-ft, 
 P80% = 80th percentile precipitation value (excluding snowfall, from gage analysis, in inches), 
 Rpre = Storm Water Volumetric Runoff Coefficient for existing conditions 
 Rnew = Storm Water Volumetric Runoff Coefficient for proposed conditions 
 Rpre/new = Storm Water Volumetric Runoff Coefficient Equation (UDOT, 2018) 
 Rpre/new = 1.14 (Imp) -0.371 when imp җ рр҈ 
 Rpre/new = .225 (Imp) +-0.05 when imp Җ рр% 
 A = Area, in Acres. 
 Imp = decimal percentage of impervious surface in the contributing watershed 
 
Occasionally, it may be necessary to maintain consistency across differing hydrologic methods such as 
the SCS Method and the Rational Method. In general, the runoff coefficient is defined as the ratio of 
runoff to rainfall. Accordingly, 5ǊΦ wƻƴ wƻǎǎƳƛƭƭŜǊΩǎ 9ǉǳŀǘƛƻƴ has historically been used for conversion of 
SCS Curve Number to a Runoff Coefficient (Rossmiller, 1980). However, special care must be used to 
understand the slight variance between a traditional Runoff Coefficient and the Utah Storm Water 
Volumetric Runoff Coefficient (Rpre/new). The Utah Storm Water Volumetric Runoff Coefficient is generally 
lower than the traditional runoff coefficient found in table (UDOT, 2018). Therefore, the Rossmiller 
Equation result should be considered an upper limit. 
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Ὑ Ⱦ χȢςz ρπ ὅzὔ ὙzὍz πȢπρzὅὔȢ Ȣ
ᶻπȢπρzὅὔȢ Ȣ Ȣ ᶻ

Ȣ
,  

 EQ 3 
Where, 
 CN = SCS/NRCS Curve Number, 
 RI = Recurrence Interval (years), 
 IMP = Impervious coverage (decimal form, i.e. for a 30% impervious, IMP=0.3), 
 Rpre = Existing Condition Storm Water Runoff Coefficient 
 S = Average land slope (whole number percent, i.e. for a 4% slope S=4) 

 I = Rainfall Intensity calculated using methodologies consistent with local jurisdiction 
(inches/hour) 

 
Importantly, the minimum requirement within the Dixie Storm Water Coalition Region is to disconnect 
impervious areas. The designer may use procedures as proposed by Bowen Collins & Associates (Bowen 
Collins & Associates, 2020) to establish a credit for disconnected impervious to be applied to the WQRV. 
Additionally, the Bowen Collins procedure can also be applied to LID BMPs such as Bio-swales (BR-3), 
Vegetative Strips (BR-4), or Pervious Surfaces (PS-1) where a clear volumetric quantity cannot be 
determined from BMP geometry. The Bowen Collins procedure is attached to this guidance document.  
 
Due to the operation and maintenance efforts in addition to the need for irrigation water Green Roofs 
(BR-6) are not recommended within the Dixie Storm Water Coalition Region (arid or semi-arid settings). 
However, in the rare instance this LID BMP is selected. Green roof WQRV should be provided within the 
void space of the drainage layer and the growing media. Designer will need to provide evidence that this 
volume is sufficient to accept the additional runoff. Guidance for this application within the arid and 
semi-arid west is provided by the US EPA (Tolderlund, 2010). 
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Applicability 
The Utah DWQ LID manual provides standard practices and applications intended for statewide use. As 
a part of its broad attempt to provide a comprehensive manual, UT DWQ provided three flow charts to 
be used in the selection of a LID BMPs from a list of twelve that were considered by UT DWQ to be most 
applicable for the State of Utah (Table 2).  

For areas like the Dixie Storm Water Coalition Region, which contain the aforementioned regional 
constraints, additional criteria needed to be applied to the selection process, to ensure that a region-
specific LID BMP can be implemented. The BMPs that the Dixie Storm Water Coalition considers region 
appropriate are highlighted in the table.  

 
Table 2: Utah DWQ LID BMP 

BR-1 Rain Garden 

BR-2 Bioretention Cell 

BR-3 Bioswale 

BR-4 Vegetated Strip 

BR-5 Tree Box Filter 

BR-6 Green Roof 

PS-1 Pervious Surfaces 

ID-1 Infiltration Basin 

ID-2 Infiltration Trench 

ID-3 Dry Well 

ID-4 Underground Infiltration Galleries 

HR-1 Harvest and reuse 

¶ BMP Selection Tools 

To aid the evaluation and selection process to following tools and guidance are provided: 

o Decision Making Flow Chart 

In similar fashion to the UTAH DWQ LID Manual, the decision-making process is 
summarized in a flow chart (Figure 2).  

o Region Applicability Matrix 

To further assist in the binary progression through the flowchart, a criteria matrix has been 
provided that summarizes how the uniqueness of the region effects the applicability of a 
given BMP (Table 3).  
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Figure 2 Applicability Matrix Flow Chart
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Table 3: Region Applicability Matrix 

UPDATED: 6/15/2020           

Utah LID BMP 

Step 1: Min. Acceptable Vertical 
Clearances 

Step 2: Minimum Acceptable Native/ In-Situ Soil Parameters* Step 3: Minimum Acceptable Horizontal Clearances*** 

Groundwater Bedrock HSG Infiltration Rates** 
Expansive/Collapse 

Risk 
Gypsiferous 

Soils 
Liquefaction Risk 

Buildings 
(w/ basement) 

Roads 
Floodplains or 
Water Source 

Underground 
Pipeline 

Infrastructure 

BR-1 
Rain 

Garden 
> 10 ft > 5 ft A or B 0.5 in/hr. Low to Moderate < 3% Low to Moderate 10 ft. (50 ft) 5 ft Any Any 

BR-2 
Bioretention 

Cell 
Any Any Any NA Any < 3% Any 10 ft. (50 ft) 5 ft Any 20 ft 

BR-3 Bioswale > 10 ft > 5 ft A or B 0.5 in/hr. Low to Moderate < 3% Low to Moderate 10 ft. (50 ft) 5 ft Any Any 

BR-4 
Vegetated 

Strip 
> 10 ft > 5 ft A or B 0.5 in/hr. Low to Moderate < 3% Low to Moderate 10 ft. (50 ft) Any Any Any 

BR-5 
Tree Box  

Filter 
Any Any Any NA Any < 3% Any Any Any Any Any 

BR-6 
Green 
Roof 

NA NA Any NA Any NA Any Any Any NA NA 

PS-1 
Pervious 
Surfaces 

> 10 ft > 5 ft A or B 0.5 in/hr. Low to Moderate < 3% Low to Moderate 10 ft. (50 ft) Any Any 20 ft 

ID-1 
Infiltration 

Basin 
> 10 ft > 10 ft A or B 0.5 in/hr. Low to Moderate < 3% Low to Moderate 10 ft. (50 ft) 5 ft 25 ft 20 ft 

ID-2 
Infiltration 

Trench 
> 10 ft > 5 ft A or B 0.5 in/hr. Low to Moderate < 3% Low to Moderate 10 ft. (50 ft) 5 ft 25 ft 20 ft 

ID-3 Dry Well > 10 ft No Bedrock A, B or C NA Low to Moderate < 3% Any 20 ft. (100 ft) 20 ft 100 ft 20 ft 

ID-4 
Underground 

Infiltration 
Galleries 

> 10 ft > 10 ft A or B 0.5 in/hr. Low to Moderate < 3% Low to Moderate 20 ft. (100 ft) 50 ft 50 ft 20 ft 

HR-1 
Harvest 

 and reuse 
NA NA Any NA Any NA Any NA NA Any NA 

*Native soil values only. Per site specific geotechnical report. Engineered soil fills and liners may be required at additional costs if minimum recommended parameters are not met. 
**Minimum State Requirement is 0.25 in/hr. This should be considered after aging. 
***Geotechnical Analysis required to document safe horizontal setback per site conditions. 
NOTE: This Matrix should be considered a living document. User's shall coordinate with local agency staff to verify most current version. 
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¶ Guidance 

Both tools along with the information presented below provides additional context for decision 
makers specific to the Dixie Storm Water Coalition Communities. Both the flowchart and 
applicability matrix, which has been provided within the appendix of this document, should be 
consulted during the planning stages of a future project to guide regional limitations and use of 
LID BMPs. In the event that a proposed retention-based LID Practice is not applicable to the site, 
the minimum requirement within the Dixie Storm Water Coalition Region is to disconnect 
impervious areas. If the WQRV is not met by disconnecting impervious areas, an alternative 
approach to LID that meets the water quality objectives shall be considered. 

o Step 1: Check Acceptable Minimum Vertical Clearances 

Minimum vertical clearances are important to the function of the selected LID BMPs in 
terms of ensuring proper installation and performance. The two most relevant categories 
for vertical clearances are related to the presence of groundwater and bedrock or 
impermeable lenses. Per the Matrix, each LID BMP is listed with the corresponding 
minimum acceptable vertical clearance. If the selected BMP does not meet the criteria, 
proceed to Step 4. If the selected LID BMP does meet the criteria for vertical clearances, 
the user shall proceed to Step 2. 

o Step 2: Check Acceptable Minimum Native/ In-Situ Soil Parameters 

Step 2 is intended to verify that the surrounding native soils have the capability and 
capacity to absorb additional storm water without negatively affecting surrounding 
infrastructure. This includes the Hydrologic Soil Group, Infiltration Rates, 
Expansive/Collapse Risk Potential, and Presence of Gysiferious Soils. For convenience, a 
collection of Maps (Figures 3-8) have been provided at the end of this document to aid in 
planning level efforts. Each of these categories/maps are intended to inform the user of 
the surrounding soil conditions and may require soil modification which may be cost 
prohibitive to mitigate. It should also be noted that the presence of a sloping impervious 
lens or obscured soils may further complicate the use of LID BMPs as it pertains to the risk 
to downstream properties. It is vital that a comprehensive site analysis be conducted so as 
to certify that proposed design features do not pose a negative risk to downstream 
owners. 

Using the Matrix, if the selected LID BMP does not meet the criteria for each of the native 
soil parameters, proceed to Step 4. If the selected LID BMP does meet the criteria for native 
soil parameters, the user shall proceed to Step 3.  
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o Step 3: Check Acceptable Minimum Horizontal Clearances 

Step 3 is to check is the horizontal distance or setback from relevant infrastructure such 
that water that has been infiltrated does not cause an adverse condition. While the 
guidance within the Matrix has been developed as a guide, the user is ultimately 
responsible for ensuring that adverse conditions are not created that impact existing 
adjacent infrastructure. Using the Matrix, the user must determine if adequate horizontal 
clearances exist. If the selected LID BMP does not meet the criteria, proceed to Step 4. If 
the selected LID BMP does meet the criteria for minimum horizontal clearances, the user 
also proceeds to Step 4 with selected LID BMP pending a detailed site-specific geotechnical 
analysis and cost-benefit analysis.  

o Step 4: Check for Logical Downstream Outfall Conditions 

Some of the limitations for the use of LID BMPs in the Dixie Storm Water Coalition region 
can be mitigated with the use of impermeable liners in combination with a connection to 
an appropriate downstream storm water conveyance outfall system. Therefore, Step 4 in 
determining if a selected LID BMP or practice is applicable as shown on the matrix is 
whether the connection to a downstream outfall exists.  

Following the Matrix, if a suitable downstream condition exists, like a storm-drain or 
downstream channel, the use of a liner and underdrain system to contain, detain, treat 
and discharge to the acceptable downstream outfall is permissible. This may be used in 
conjunction with any detention or retention requirements for new or redeveloped parcels. 

If an acceptable downstream outfall does not exist and other limitations cannot be 
mitigated (pending detailed site-specific geotechnical analysis and design), or is cost 
infeasible, the selected BMP is not applicable for use within the Dixie Storm Water 
Coalition Region and an alternative approach may be requested. 

  



 

Dixie Storm Water Coalition 

GI/LID Guidance Page | 12 

 

¶ Alternative Approach 

If the user identifies that the available LID BMPs that meet the intent of the UT DWQ permit do 
not meet the criteria presented within the Matrix, a request for Alternative Approach shall be 
sought. In applying for an Alternative Approach, either for use of a non-regional approach LID 
BMP or an alternative approach, a site-specific engineering study that demonstrates the ability 
to meet the intent of the UPDES MS4 general permit will be required. The alternative will be 
submitted to the local jurisdiction for approval.  
 
In accordance with the UT DWQ permit, alternate approaches from the retention requirement 
will only be allowed with a site-specific engineering study that demonstrates infeasibility based 
on insurmountable constraints and may be permitted on a case-by-case basis. Any alternate 
approach will require that retention and LID BMPs are incorporated to the maximum extent 
feasible which includes disconnecting impervious areas, per the permit. This may include a 
reduction in the required retention volume permitted, as long as verifiable documentation can 
be provided to adequately show that the proposed plan will άprotect water quality and reduce 
the discharge of pollutants to the MS4έ ό¦¢ 5²vύ. 

Costs 

Costs have historically been a driving factor in the use or exclusion of LID practices from a proposed 
project. One key factor to consider when evaluating costs or cost-benefits of LID infrastructure is how to 
monetize social or environmental benefits, especially in arid regions. These social and environmental 
benefits are not discussed within this document but should be considered by the developer as part of 
any cost-benefit assessment. 

¶ Implementation Cost 

Initial investments or capital costs are often the primary economic considerations for 
implementation of a specific BMP. Recently greater attention has been provided to 
understanding both life-cycle costs of specific BMP features as well as environmental or social 
benefits which can be difficult to monetize. While information in this area is growing, special 
consideration must be considered in arid regions. Specifically, when it comes to selection of 
vegetation and various BMP types. Relative initial and operation and maintenance costs for a 
respective BMP is presented in Table 4. 
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Table 4: Relative Costs of UT DWQ LID BMPs 

Utah LID BMP 
Costs1, 2 

Initial Operation & Maintenance 

BR-1 Rain Garden $ $ 

BR-2 Bioretention Cell $$ $ 

BR-3 Bioswale $ $ 

BR-4 Vegetated Strip $ $ 

BR-5 Tree Box Filter $$ $ 

BR-6 Green Roof $$$ $$ 

PS-1 Pervious Surfaces $$$ $$ 

ID-1 Infiltration Basin $$$ $$ 

ID-2 Infiltration Trench $$$ $ 

ID-3 Dry Well $$ $$ 

ID-4 Underground Infiltration Galleries $$$ $$ 

HR-1 Harvest and reuse $ $$ 
1 as adapted from Impact Infrastructure, LLC. & Stantec, 2014 for arid regions 
2 as adapted from Mateleska, K. 2016 

¶ Inspections & Maintenance 

Long-term inspection and maintenance plans are key to ensuring successful implementation of 
LID Practices. Typical of any storm water management element, LID BMPs will require ongoing 
inspection and maintenance. As a part of the development approval, it is incumbent upon the 
developer/engineer to provide an operations and maintenance plan. The plan shall include 
responsibility for inspecting and maintaining, frequency of inspections and estimated upkeep or 
replacement costs. The plan should be submitted for approval to the local jurisdiction. If the 
operations and maintenance is to be provided by the local jurisdiction, a storm water fee may be 
assessed in accordance with local codes and ordinances. 

Infeasibility 
The U.S. Environmental Protection Agency (EPA) has documented that implementing well-chosen LID 
techniques designed to reduce runoff of water and pollutants into rivers and groundwater saves money 
while protecting and restoring water quality. There is much literature and documentation that is 
supportive that an overall LID Approach enhances property values by creating aesthetic amenities and 
improves the overall quality of life within a community. 
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¶ Technical Infeasibility 

This guidance document and matrix are intended to assist the user to work through feasibility 
of the UT DWQ LID BMPs for use within the Dixie Storm Water Coalition Region. According to 
the UPDES permit, infeasibility which would be considered technical are listed as: 

ω High groundwater, 
ω Drinking Water Source protection, 
ω Soil Conditions, 
ω Slopes, or  
ω Others. 

¶  Cost Infeasibility 

¢ƘŜ {Ƴŀƭƭ a{п DŜƴŜǊŀƭ ¦t59{ tŜǊƳƛǘ ŘŜǎŎǊƛōŜǎ άŜȄŎŜǎǎƛǾŜ Ŏƻǎǘέ ŀǎ ŀ ŎƻƴǎǘǊŀƛƴǘ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ 
infeasibility of the retention standards outlined in the General Permit for Discharges from Small 
Municipal Separate Storm Sewer Systems. 

The following factors, not conclusive, 
would be considered by the entity when 
determining whether cost could be used 
as an infeasibility factor in meeting the 
retention requirement on-site. Other 
factors could be considered as 
appropriate: 
ω Cost infeasibility must be addressed 
early on in the approval process such as 
prior to preliminary plat, PD Zone Change, 
or the conceptual site plan phase of the 
approval process. Infeasibility due to cost 
would not be considered valid if only 
considered late in the approval process 
such as during final plan preparation. 

ω Consideration should be given to life-
cycle vs initial installation cost.  

ω Where low maintenance non-
ǎǘǊǳŎǘǳǊŀƭ .atΩǎ ƛƴŎƻǊǇƻǊŀǘe existing 
landscape features (washes, rock 
outcrops, steep hillsides, open space, etc.) 
Ǿǎ ǎǘǊǳŎǘǳǊŀƭ .atΩǎ ǘƘŀǘ ǊŜǉǳƛǊŜ ƻƴ-going 
long-term maintenance by the owner, 
HOA, or local agency. 
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ω The cost of non-storm water required elements, such as drainage/flood control improvements, 
erosion protection, ground stabilization, detention requirements, that would be required 
regardless of the retention requirement, would generally not be included in the cost infeasibility 
analysis. However, these improvements may be considered in the overall LID Approach. 

ω Whether there is an impact and/or cost to downstream rivers and property due to releasing 
untreated runoff. 

The above factors with accompanying documentation will be considered by the permitting agency on a 
case-by-case basis to determine if the retention requirement could be waived due to cost considerations. 

All cost-based analyses, or cost-benefit scenarios are required to provide full considerations of the Social, 
Environmental, and Economic costs. The approach must provide an objective, defensible and repeatable 
approach to the cost-benefit of a particular LID BMP. 

While there are several online tools to assist with this type 
of evaluation, it is essential that the selected tool includes 
cost tables associated with arid regions of the 
Southwestern United States. The following elements were 
identified within a recent study for the City of Phoenix and 
should be considered as a part of any TBL-CBA analysis 
(Autocase, Watershed Management Group, et. al., 2018).  

1. Financial Costs and Benefits; 
2. Carbon emissions and air pollution; 
3. Heat island impacts; 
4. Water quality improvement; 
5. Flood risk reduction; and 
6. Property value increases. 

Example Application 

Not every LID BMP is appropriate in every situation. The following worked example can serve as a guide 
for use of this Guidance Matrix and the Utah DWQ Guidance Manual. Note that the objective of this 
approach is the meet the requirements within the Utah DWQ Storm Water Permit. To the extent that 
meeting the conditions of that permit are not technically feasible, this manual can be used to support 
the case for a reduced (feasible) level of storm water retention based on satisfying the other constraints 
by walking through the Matrix. 
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Example ï Subdivision Development 

LID BMP Selection 
An investor is considering a new 4-lot-per-acre single-family residential subdivision. During the due 
diligence phase concept planning efforts consider the potential for Lot Harvest & Reuse to meet the 

new state WQRV requirements.  
 
Givens: 
Logical downstream outfall condition exists. 
Preliminary geotechnical engineering percolation 
test completed indicated infiltration rate of 0.51-
inches.  

No existing conditions to hinder percolation (P80 = 
0.44-inches).  

Estimate retention volume for each acre of 
development  
Area = 1 acre 
Impervious cover = 35% 

Storm Water Volume (Page 5):  
Rnew = 0.225 (Imp)+0.05  

= 0.225*0.35+0.05  
= 0.129 

WQRV = (1)(0.129)(0.44)/(12)*43,560 
= 206 cu-ft.  

 

 

 

 
 
 
 
 
 

 

The 206 cu-ft is the amount of runoff that needs to be collected to meet the storm water quality 
requirements for each acre of development. On a per house basis this equates to 51.5 cu-ft . The total 
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volume supplied by the selected BMPs must be equal to or greater than exceed that calculated or (Vbmp 
> WQRV). 

Option 1 - Bio Retention Cell (BR-2) 

Vbr = 1.2(Vdep + Vts + Ves + Vcs + Vpg +Vgl)  

Where, 

Vbr = Volume of Bio Retention Cell (cu-ft) 

Vdep = Volume of Top Depression (cu-ft) 

Vcs = Volume of Coarse Sand (cu-ft) 

Vts = Volume of Topsoil (cu-ft) 

Vpg = Volume of pea gravel (cu-ft)  

Ves = Volume of Engineered Soil (cu-ft) 

Vgl = Volume of Gravel (cu-ft) 

V = Asurface x TLayer x VRatio.  

Asurface = Surface Area (ft) 

Tlayer = Thickness of Media (ft) 

Vratio = Void Ratio expressed as a decimal 

The void ratio will be provided by a geotechnical engineer. No void ratio will be applied to the 
depression. The ŘŜǇǊŜǎǎƛƻƴ ŘŜǇǘƘ Ŏŀƴƴƻǘ ŜȄŎŜŜŘ сέ.  

Option 2 - Tree Box (BR-5)  

Vtb = 1.2(Vgl)  

Where,  

Vtb = Volume of Tree Box 

Vgl = Volume of Gravel (cu-ft) 

V = Asurface x TLayer x VRatio.  

Asurface = Surface Area (ft) 

Tlayer = Thickness of Media (ft) 

VRatio = Void Ratio expressed as a decimal 

The void ratio will be provided by a geotechnical engineer. No void ratio will be applied to the 
depression. ¢ƘŜ ŘŜǇǊŜǎǎƛƻƴ ŘŜǇǘƘ Ŏŀƴƴƻǘ ŜȄŎŜŜŘ сέ.  
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Option 3 - Bio Swale1 (BR-4)  

Vbs = 1.2(½(Wtop +WBottom)DL) 

Option 4 - Roof Cisterns (HR-1)  

Vcs = will vary by manufacturer.  

The size of the cistern cannot exceed the amount allowed be the 
State of Utah Code section 73-3-1.5. Should the volume of the 
cistern be less than WQRV then additional measures will be 
necessary to make up the deficiency.  

Region Applicability Matrix 

Step 1: Vertical Clearances 

Applicability Matrix Step 1 Check: 

Step Ą 
Options 

1 - Vertical Clearances 

1- Bio Retention Cell (BR-2) Fully contained units have no vertical clearance limitations. 

2- Tree Box (BR-5) Fully contained units have no vertical clearance limitations. 

3- Bio Swale (BR-4) BR-4 requires more than 10-ft to groundwater and more than 5-
ft to bedrock to be applicable 

4- Roof Cisterns (HR-1) Fully contained units have no vertical clearance limitations. 

Step 2: Native/ In-Situ Soil Parameters 

Applicability Matrix Step 2 Check: 

Step Ą 
Options 

2 - Native/ In-Situ Soil Parameters 

1- Bio Retention Cell (BR-2) Fully contained units have engineered soil infill, no native soils. 

2- Tree Box (BR-5) Fully contained units have engineered soil infill, no native soils. 

3- Bio Swale (BR-4) Must have HSG Type A or B soils, infiltration rate of at least 0.5 
in/hr., low to moderate risk of expansives/collapse and less 
than 3% gypsiferous soils. 

4- Roof Cisterns (HR-1) Generally comprised of above ground hollow cells, native 
materials must support bearing capacity only. 

 
  

 
1 Note: In-situ infiltration rate is equal to at least 0.5 in/hr. 
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Step 3: Horizontal Clearances 

Applicability Matrix Step 3 Check:  

Step Ą 
Options 

3 - Horizontal Clearances 

1- Bio Retention Cell (BR-2) Must be at least 10-ft from buildings (50-ft if basement), 5-ft 
from public road, and 20-ft from any pipeline infrastructure 
(gas, water, sewer, etc.) 

2- Tree Box (BR-5) Self-contained units can be placed without restriction 

3- Bio Swale (BR-4) Must be at least 10-ft from buildings (50-ft if basement), 5-ft 
from public roads. 

4- Roof Cisterns (HR-1) Self-contained units can be placed without restriction 

Step 4: Downstream Outfall Conditions 

Applicability Matrix Step 4 Check: 

Step Ą 
Options 

4 - Downstream Outfall Conditions 

1- Bio Retention Cell (BR-2) Underground units require a downstream storm-drain or 
drywell (if applicable). 

2- Tree Box (BR-5) Underground Tree box filters require a downstream storm-
drain or drywell (if applicable). 

3- Bio Swale (BR-4) Bio-swale can maintain a positive slope with positive outflow 

4- Roof Cisterns (HR-1) Above ground unit can overflow to yard as surface flow. 

Summary of Region Applicability Matrix 

Based on the example provided above, the table below provides a summary of the applicability of the 
selected options. 

Applicability Matrix Check (Applicable - Y/N) 

Step Ą 
Options 

1, Vertical 
Clearances 

2, Native/ 
In-Situ Soil 
Parameters 

3, Horizontal 
Clearances 

4, Downstream 
Outfall 

Conditions 

1- Bio Retention Cell (BR-2) Y Y Y Y 

2- Tree Box (BR-5) Y Y Y Y 

3- Bio Swale (BR-4) Y Y Y Y 

4- Roof Cisterns (HR-1) Y Y Y Y 

 
In addition to providing guidance on the selection of BMP and meeting the requirements set forth by UT 
DWQ, the Dixie Storm Water Coalition has provided a Storm Water Quality Report Template 
(Attachment 1).  The Storm Water Quality Report Template shall be completed and submitted for review 
as part of the compliance process. 
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Figure 3 Hydrologic Soil Group Map 
















