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Chapter 4  Hydrologic Analysis 

4-1 Introduction 
This chapter presents and defines the minimum computational standards for the types of 
hydrologic analyses required to design the various stormwater best management practices 
(BMPs) described in detail in Chapter 5 and  the Temporary Erosion and Sediment Control 
Manual (TESCM). It also provides an explanation of the methods to be used for the modeling 
of stormwater facilities and the supporting data and assumptions that will be needed to 
complete the design. The computational standards, methods of analysis, and necessary 
supporting data and assumptions for designs in western Washington are different than those 
in eastern Washington. As a result, Section 4-3 includes design criteria and guidelines for 
western Washington, and Section 4-4 includes design criteria and guidelines for eastern 
Washington. The hydrologic analysis tools and methodologies presented in this chapter 
support the following tasks: 

 Designing stormwater runoff treatment and flow control facilities 

 Designing infiltration facilities 

 Closed Depression Analyses 

 Analyzing wetland hydroperiod effects 

This manual makes numerous references to the Hydraulics Manual, where additional design 
guidelines can be found, including the minimum computational standards, methods of analysis, 
and necessary supporting data and assumptions for analysis and design of the following: 

 General hydrology 

 Culverts and other fish passage structures 

 Open channel flow 

 Storm sewer design 

 Drainage from highway pavement (inlet spacing and curb and gutter) 

 Hydraulics issues associated with bridge structure design 

 Downstream analysis 

 Pipe classification and materials 

4-2 Project Considerations 
Prior to conducting any detailed stormwater runoff calculations, consider the overall relationship 
between the proposed project site and the runoff it will create. This section provides guidelines 
regarding what parameters you should review to adequately evaluate the project. 

  

http://www.wsdot.wa.gov/Publications/Manuals/M23-03.htm
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The general hydrologic characteristics of the project site dictate the amount of runoff that will 
occur and where stormwater facilities can be placed. Several sources of information will be 
useful in determining the information necessary for preliminary runoff analyses. Determine 
drainage patterns and contributing areas by consulting topographic contour maps generated 
from preliminary surveys of the area for the proposed project or by using contour maps from 
a previous project in the same area. For some projects, you can find adequate information 
on soil characteristics in soils surveys published by the Natural Resource Conservation Service 
(NRCS). 

4-2.1 Estimating Stormwater Management Areas 
Develop estimates of the area that will be required for stormwater management when the 
project layout is first being determined. These estimates of stormwater BMP sizes and areas 
may dictate changes to the roadway or other infrastructure design and support decisions to 
purchase additional right of way for the project. The following information is required to 
successfully estimate the approximate area required for stormwater treatment and flow 
control facilities: 

 The basic requirements for the stormwater facility design 

 The general hydrologic characteristics of the project site 

 The basic footprint of the proposed roadway or other infrastructure improvement 
project 

4-2.2 Local and State Requirements 
In most cases, the basic requirements for stormwater facilities described in the Highway Runoff 
Manual (HRM) will be adequate to meet other state agency and local jurisdiction requirements. 
Section 1-2.1 explains to what extent a local jurisdiction’s stormwater requirements apply to 
Washington State Department of Transportation (WSDOT) projects. The first part of any 
hydrologic analysis involves research to determine whether the project is located in an area 
where additional requirements prevail. You can typically accomplish this by consulting with 
region hydraulics or environmental staff. When stricter standards do apply, they are usually 
related to unique runoff treatment concerns: a need for flow control under more extreme 
storm conditions than is required by the HRM or a need for lower site discharge rates than 
are required by this manual. Either case is easily applied to the methods of analysis outlined 
in this chapter. 

4-2.3 Soils 
Quite often, additional sources of information are needed to adequately characterize on-site 
soils, particularly within existing highway rights of way and in other urban areas. The WSDOT 
Materials Lab can provide detailed information on soils and shallow groundwater characteristics 
in conjunction with geotechnical field data collection efforts. Typically, you must inform the 
Materials Lab of the need for gathering additional data for drainage analysis purposes early 
in the project design phase. This is very important for determining infiltration rates. 
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4-2.4 Determining Existing Conditions 
Access information on existing drainage facilities and conveyance system locations in Hydraulic 
Reports from previous projects in the same vicinity, the stormwater features database/GIS 
workbench, or in as-built plans for the existing roadway. The local jurisdiction may have 
mapping and/or as-built information for storm drainage facilities near the WSDOT right of 
way and may know of other projects in the vicinity that documented drainage conditions.  
A site visit will help you determine the basic hydrological characteristics of the proposed 
project site. Observations you make during a field visit will serve to verify the information 
you obtain through research and will show where that information may have been deficient. 
In nearly every instance, the information you gain by visiting the site prior to designing the 
stormwater facilities will benefit the ensuing design effort. 

4-2.5 Mapping Threshold Discharge Areas  
In western Washington, the final part of determining the site’s hydrologic characteristics is 
mapping the threshold discharge areas (TDAs). A TDA is defined as an on-site area draining to 
a single natural or constructed discharge location or multiple natural or constructed discharge 
locations that combine within ¼ mile downstream—as determined by the shortest flowpath. 
A TDA delineation begins at the first discharge location that exits WSDOT right of way and is 
based on preproject conditions. The limits of a TDA generally are right of way line to right of 
way line and begin project milepost to end project milepost. The limits of a TDA should be large 
enough to catalog all of the development by the project. If the project were acquiring right of 
way, the TDA limits would extend to the proposed right of way limits. The purpose of this 
definition is to provide more flexibility in meeting the minimum requirements while still 
providing sufficient protection for the receiving water bodies. Note: You must verify all 
TDAs in the field. 

To map a TDA, you must have an understanding of drainage basin delineation. A drainage basin 
includes all of the area that will contribute runoff to the point of interest. For example, in Figure 
4-1, you must quantify off-site flow that discharges to the ditch, which is the point of interest. 
To determine the off-site area of land that contributes runoff to the ditch, you will need 
topographic contours. Where a contour forms a chevron (or the letter “V”) pointing in the 
direction of increasing elevation, that contour depicts a valley. Where the chevron points in 
the direction of decreasing elevation, that contour depicts a ridge. Ridges are the limits of a 
drainage basin, since precipitation falling on a ridge or peak will flow either to or away from the 
point of interest. Connecting the ridges and peaks on the contour map will form the boundary 
of the drainage basin. In pavement drainage, artificial ridges and peaks are formed by cross 
slopes and vertical curves.  
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Figure 4-1 Drainage basin delineation example. 

In Figure 4-2a, each drainage area (A1 – A4) is delineated by the crown of the roadway to the 
top of the ditch backslope (right of way limit) and between each vertical curve crest. Figure 4-3 
shows the roadway profile and cross section. In drainage area A1, roadway runoff sheet flows 
off of the pavement into the ditch that eventually flows into the culvert. Flows from drainage 
area A1 combine with flows from drainage area A2 and leave WDSOT right of way using flow 
path A2. The same conditions occur with drainage areas A3 and A4, which leave the right of 
way using flow path A4. If flow paths A2 and A4 join within ¼ mile downstream from the right 
of way, all four drainage areas would combine to make one TDA (as indicated in Figure 4-2a). If 
the discharges remain separate for at least ¼ mile downstream of the project site right of way, 
drainage areas A1 and A2 combine to make one TDA and drainage areas A3 and A4 combine 
to make a second TDA. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-2a Threshold discharge areas (plan – not to scale). 
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Figure 4-2b illustrates the situation where the flow paths do not combine within ¼ mile and 
result in two separate TDAs (assuming drainage areas A1, A2, A3, and A4 are within one TDA 
and are represented by Flowpath A2). Measure ¼ mile along Flowpath A6. If Flowpath A2 (the 
most upstream flow path) and Flowpath A6 join within the shortest measured ¼-mile flow path, 
all areas are considered one TDA. Figure 4-2b shows Flowpath A2 and Flowpath A6 do not 
combine within the ¼ mile, measured along the shortest flow path, so areas A1, A2, A3, and 
A4 combine to form one TDA, while areas A5 and A6 combine to form a separate TDA. Flow 
path A6 would be used to measure against any other additional flowpaths for combining 
areas to form the next TDA. 

 

 

 

 

 

 

 

 

 

 
 

Figure 4-2b Threshold discharge areas (plan – not to scale).  

 

 

 

 

 

 

 

 

 

Figure 4-3 Threshold discharge areas (section and profile). 
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The above TDA delineation guidance is not all-inclusive. Direct project-specific questions 
regarding TDA delineations to the Region Hydraulics Office or the HQ Hydraulics staff. For 
eastern Washington regions, with the approval of the WSDOT Hydraulics Office contact, the 
project may be considered as one TDA in certain instances, based on site conditions. Once you 
complete TDA delineations, tally the quantities of new, replaced, and existing impervious areas 
(and PGIS) for each TDA. Apply minimum requirement thresholds to each TDA based on tallied 
quantities. (See Chapter 3 for minimum requirement applicability.) 

4-2.6 Conclusions 
Once you understand the basic stormwater requirements and are familiar with the general 
hydrologic characteristics of the site, you can estimate the size of the area necessary for 
stormwater facilities. Do this by examining the proposed project layout and determining the 
most suitable locations to place stormwater management facilities. When you have identified 
one or more such locations, you can apply the computation methods described later in this 
chapter using site data and calculate an estimate of the required stormwater facility area(s). 
If you do this preliminary facility sizing early enough in the project design schedule, you can 
make slight alterations to the project alignment/footprint and purchase adequate right of way 
without causing undue cost or delay to the project. When the project layout is finalized, you 
will have to perform a final design of the stormwater facilities. 

Flow charts are presented in Figures 4-4 and 4-5 to help you navigate through the requirements 
of Chapter 4 and hydrologic analyses for typical projects. 
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Figure 4-4 Hydrologic analysis flowchart for western Washington. 
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Figure 4-5 Hydrologic analysis flowchart for eastern Washington. 
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4-3 Western Washington Design Criteria 

4-3.1 Runoff Treatment Flow-Based and Volume-Based BMPs 

4-3.1.1 Flow-Based Runoff Treatment 

Use an approved continuous simulation hydrologic model based on the U.S. Environmental 
Protection Agency’s (U.S. EPA’s) Hydrologic Simulation Program – Fortran (HSPF) when 
designing runoff treatment BMPs based on flow rate, in accordance with WSDOT Minimum 
Requirement 5 in Section 3-3.5. Use MGSFlood for designing flow-based runoff treatment 
BMPs in WSDOT right of way unless prior approval to use an alternate (equivalent Ecology 
approved) program is given by the Region or HQ Hydraulics Engineer. The design flow rate for 
these types of facilities is dependent upon whether the treatment facility is located upstream 
or downstream of a flow control facility and whether it is an on-line or off-line facility (see 
Figure 4-6). 

 

 

 

 

 

 

 

 

 

Figure 4-6 Typical on-line and off-line facility configurations. 

Downstream of Flow Control Facilities 

If the runoff treatment facility is located downstream of a stormwater flow control facility, 
use the full 2-year recurrence interval release rate from the flow control facility, as estimated 
by an approved continuous simulation model, to design the treatment facility. 

Upstream of Flow Control Facilities: Off-Line 

The design flow rate for an off-line treatment facility located upstream of a flow control facility 
is the flow rate where 91% of the runoff volume for the developed TDA will be treated, based 
on a 15-minute time step, as estimated by an approved continuous simulation model. The bold 
horizontal line in Figure 4-7 is an example that shows the 91% runoff volume flow rate. All flows 
below that line will be treated, and the incremental portion of flow above that line will bypass 
the runoff treatment facility.  
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Use a high-flow bypass (flow splitter) to route the incremental flow in excess of the treatment 
design flow rate around the treatment facility. (See Section 5-4.3 for more details on flow 
splitters.) It is assumed that flows from the bypass enter the conveyance system downstream 
of the treatment facility but upstream of the flow control facility. 

 

 

 

 

 

 

 

 

 

Figure 4-7 Example showing calculation of runoff treatment discharge for off-line 
treatment facilities—computed as 0.23cfs. 

Upstream of Flow Control Facilities: On-Line 

On-line runoff treatment facilities do not include a high-flow bypass for flows in excess of the 
runoff treatment design flow rate, and all runoff is routed through the facility. The design flow 
rate for these types of on-line treatment facilities is the flow rate at which 91% of the runoff 
volume occurs, based on a 15-minute time step, as estimated by an approved continuous 
simulation model, to be in compliance with Minimum Requirement 5 (see Section 3-3.5). 
MGSFlood will determine the hourly runoff treatment design flow rate as the rate 
corresponding to the runoff volume that is greater than or equal to 91% of the hourly 
runoff volume entering the treatment facility. The simulation model automatically generates 
15-minute time step flows based on hourly flows. Because on-line treatment facilities receive 
greater volumes of inflow than off-line facilities, the design flow rate corresponding to the 91% 
breakpoint is higher than for off-line facilities. The higher design flow rate will result in a slightly 
larger treatment facility. Figure 4-8 shows that the facility will receive all the flow, but will 
be sized for only 91% runoff volume flow rates, minus the red bars in its calculations for the 
developed TDA. 
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Figure 4-8 Example showing calculation of runoff treatment discharge for on-line treatment 
facilities—computed as 0.28cfs. 

4-3.1.2 Volume-Based Runoff Treatment 

Design volume-based runoff treatment BMPs as on-line facilities. In accordance with Minimum 
Requirement 5 (see Section 3-3.5), you can use the following methods to derive the minimum 
required storage volume: 

 Wetpool: An approved continuous simulation hydrologic model based on the U.S. 
EPA’s HSPF can be used. MGSFlood must be used on WSDOT projects unless approved 
to use an equivalent (Ecology approved) program by the Region or HQ Hydraulics 
Engineer. For wetpools, the required total wetpool volume is the 91st percentile, 
24-hour runoff volume (no credit is given for infiltration losses) based on the long-
term runoff record generated in the TDA of concern—as predicted based on a 
15-minute time step. 

 For other volume-based systems such as infiltration and filtration BMPs, the minimum 
treatment needed is the storage volume that is necessary to achieve treatment of 91% 
of the influent runoff file as predicted using a continuous runoff model and a design 
infiltration/filtration rate. 

If runoff from the new impervious surfaces and converted pervious surfaces is not separated 
from runoff from other surfaces on the project site and/or is combined with run-on from areas 
outside of the right of way, you must size volume-based runoff treatment facilities based on 
runoff from the entire drainage area. This is because runoff treatment effectiveness can be 
greatly reduced if inflows to the facility are greater than the design flows that the facility was 
designed to handle. For infiltration facilities, you must infiltrate the 91st percentile, 24-hour 
runoff volume within 48 hours. (See “Pond Design Using Routing Table” in Appendix 4E.) 

For a summary of the flow rates and volumes needed for sizing runoff treatment facilities for 
various situations, see Table 3-3. 
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4-3.2 Flow Control Volume and Flow Duration-Based BMPs 
Use an approved continuous simulation hydrologic model, based on HSPF, for designing flow 
control BMPs in accordance with Minimum Requirement 6 (see Section 3-3.6). You must use 
MGSFlood for designing flow control BMPs in WSDOT right of way unless prior approval to use 
an alternate (equivalent Ecology approved) program is given by the Region or HQ Hydraulics 
Engineer. Ensure stormwater discharges match the developed discharge durations to the 
predeveloped durations for the range of predeveloped discharge rates from 50% of the 2-year 
peak flow up to the full 50-year peak flow. Check the 100-year peak flow for flood control and 
prevention of property damage using the continuous simulation model. 

Infiltration facilities for flow control must either infiltrate the entire runoff file, or provide 
sufficient infiltration so that the predicted overflows match the predeveloped durations for the 
range of predeveloped discharge rates from 50% of the 2-year peak flow up to the full 50-year 
peak. Table 3-6 summarizes the volumes needed for sizing flow control facilities for various 
situations. 

Refer to the TESCM for additional TESC BMP design criteria.  

4-3.3 Exemptions for Flow Control 
WSDOT has developed a standardized process to help the designer produce an acceptable 
hydraulic analysis for determining flow control exemptions. The process helps you determine 
how extensive an analysis needs to be for a particular project. (See Chapter 3 for a process that 
has been established for lakes and some river systems.) For further details on exemptions, flow 
dispersion, and flow control thresholds, see Minimum Requirement 6 in Section 3-3.6. 

4-3.4 Hydrologic Analysis Methods for Designing BMPs in Western 
Washington: HSPF versus SBUH  

Refer to Appendix 4E for a detailed discussion.  

4-3.5 Hydrologic Analysis Methods for Flow Control and Runoff 
Treatment Facility Design 

This section presents a detailed discussion for some of the parameters necessary to design 
a stormwater flow control facility using an approved continuous simulation model. A basic 
overview of the continuous simulation method can be found in Chapter 2 of the WSDOT 
Hydraulics Manual.  

  

http://www.wsdot.wa.gov/Publications/Manuals/M23-03.htm
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4-3.5.1 Continuous Simulation Method 

WSDOT’s continuous simulation hydrologic model MGSFlood (see Appendix 4E) uses the 
HSPF routines for computing runoff from rainfall on pervious and impervious land areas. 
Specifically, the program is intended to size stormwater detention and infiltration ponds, 
as well as calculate runoff treatment flow rates and volumes, to meet the requirements of 
Ecology’s Stormwater Management Manual for Western Washington (SWMMWW). Do not 
use it for conveyance design unless the conveyance system is downstream of a stormwater 
pond. (See Appendix 4A for a link to a detailed example of this modeling approach and 
for information on how to obtain a copy of the public domain program.) 

MGSFlood does not include routines for simulating the accumulation and melt of snow, and its 
use should be limited to lowland areas where snowmelt is typically not a major contributor to 
floods or to the annual runoff volume. In general, these conditions correspond to an elevation 
below approximately 1,500 feet. MGSFlood can be used to model drainage basins up to 320 
acres (about one-half square mile). If a drainage basin falls outside the modeling guidelines 
above, contact region or HQ hydraulics staff for assistance. 

Several factors must be considered in the design of a stormwater flow control facility. Based 
on the proposed project improvements, you can determine watershed and drainage basins and 
apply precipitation and runoff parameters to them. The continuous simulation model uses this 
information to simulate the hydrologic conditions at the site and estimate runoff. You can 
then size the flow control facility to detain the runoff in a way that closely mimics the runoff 
from the predeveloped site conditions. You must verify that the flow control performance is 
in accordance with Minimum Requirement 6 in Section 3-3.6. Key elements of continuous 
simulation modeling are presented below. 

Predevelopment Land Cover 

The first consideration when modeling project site runoff for flow control BMP sizing is the 
amount of pervious cover versus impervious surface in the overall basin. The hydrologic 
analysis for flow control to protect a receiving water body is based on mitigating floods and 
erosion. The predeveloped land cover assumptions for modeling effective impervious surfaces 
for both eastern and western Washington can be found in Chapter 3, Minimum Requirement 6. 
(See the Glossary for the definitions of “historic land cover” and “existing land cover.”) For 
information on the predeveloped condition for stormwater retrofits, see Figure 3-4 and 
Section 3-4.  

Reversion of Existing Impervious Surface Areas 

Opportunities may emerge to remove an existing impervious surface due to roadway 
realignment, roadway abandonment, or other project condition rendering the existing 
impervious surface obsolete. Under these circumstances, reverting an impervious surface 
to a pervious surface may improve the hydrological functions of an area, thereby providing 
a proportional reduction in the amount of runoff generated.  

http://www.ecy.wa.gov/programs/wq/stormwater/manual.html
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Note: At this time, when determining minimum requirement applicability, the concept of 
reversion of existing impervious surfaces only applies to flow control thresholds; it does not 
apply to runoff treatment thresholds. 

Follow the two-step approach (Full Reversion and Partial Reversion) below to analyze reversion 
of existing impervious surface areas in lieu of conventional surface water flow control. You can 
only apply one of these two steps, and you cannot combine them if a flow control facility is 
required.  

Step 1: Full Reversion (minimum requirement benefits and flow modeling benefits) 

The first step involves evaluating the potential for stormwater impacts based on the concept 
and application of net-new impervious surface. Applying the net-new impervious surface 
concept requires removing existing impervious surface, incorporating soil amendments into the 
subsurface layers, and revegetating the area with evergreen trees—unless the predeveloped 
condition was prairie, which may be the case in some parts of eastern Washington. In this case, 
apply the net-new impervious surface concept at the threshold discharge area (TDA) level when 
determining if triggers for flow control (see Minimum Requirement 6) have been exceeded, as 
specified in Section 3-3.6, and then only if the following criteria can be met: 

 Existing impervious areas removed must be replaced with soils meeting the soil quality 
and depth requirements of the soil amendment criteria in Chapter 5.  

 The new pervious area must be planted with native vegetation, including evergreen 
trees. For further guidelines, see the Roadside Policy Manual and the Roadside 
Manual. 

 The new pervious area must be designated as a stormwater management area in the 
stormwater database (see Chapter 2), whether or not it receives runoff from adjacent 
areas. 

 The new pervious area must be permanently protected from development. If the area 
is sited off state right of way, it must be protected with a conservation easement or 
some other legal covenant that allows it to remain in native vegetation. 

 The outfall to which the new impervious surfaces—that are not provided with flow 
control as a result of being exempted by using a net approach—drain must be entered 
into the stormwater database (see Chapter 2) as a deficiency. 

Step 2: Partial Reversion (flow modeling benefits only) 

If you conclude that triggers for that particular TDA have been exceeded and any of the above 
criteria cannot be fully implemented (only low-lying native vegetation can be planted due to 
clear-zone restrictions), then using the net-new impervious surface concept is not applicable 
and you must evaluate the reversion area strictly as a land use modification when modeling 
for flow control. In this case, if it is feasible and there is an opportunity within any TDA to 
rehabilitate an impervious area to a pervious area, you should do it, and apply techniques 
for flow control (as explained below in Modeling Best Management Practices). 

http://www.wsdot.wa.gov/Publications/Manuals/M3110.htm
http://www.wsdot.wa.gov/Publications/Manuals/M25-30.htm
http://www.wsdot.wa.gov/Publications/Manuals/M25-30.htm
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Flow Control Modeling Scenarios, Off-Site Flow, and Flow-Through Areas 

The following guidelines primarily apply to meeting flow control requirements and do not 
generally apply to meeting runoff treatment requirements unless otherwise noted. These 
guidelines deal with how to generally set up a stormwater modeling scenario, what areas need 
to be shown in the model, and how to represent the land cover of those areas in the model. 
On-site flow generally refers to flows generated from areas within WSDOT right of way that 
are also in the project limits. Off-site flow generally refers to flows that are generated outside 
of and pass through WSDOT right of way. To minimize stormwater BMP sizes, WSDOT does not 
allow, or it significantly restricts, off-site flows from entering into stormwater BMPs.  

For western Washington flow control designs, WSDOT has a spreadsheet that you are required 
to complete to track all areas in the TDA. The spreadsheet will help you capture all of the land 
cover conversions in the TDA to help set up the predeveloped and developed modeling 
scenarios in MGSFlood. Fill out the spreadsheet for each TDA and attach those completed 
spreadsheets in the Appendix of the Hydraulic Report. Access the spreadsheet here: 
 www.wsdot.wa.gov/environment/waterquality/runoff/highwayrunoffmanual.htm  

The “50 Percent Rule” allows areas to flow undetained through a flow control facility, up to 
a certain limit. The undetained flow through area (on-site and/or off-site) is allowed to pass 
through the flow control facility if the 100-year peak flow rate from the undetained flow 
through area is less than 50% of the 100-year peak flow rate from the area receiving flow 
control. Otherwise, you would have to reduce the undetained flow through area until the 
limit is not exceeded. 

Stormwater modeling generally falls under one of three scenarios presented below:  

1. Equivalent area option. When the situation arises where an area that needs to be treated 
for stormwater flow control and/or runoff treatment cannot physically be captured, the 
equivalent area option usually provides a workable solution. The equivalent area option 
allows the designer to find an equivalent area that can be treated to provide the same 
amount of required runoff treatment and flow control. Equivalent means equal in area, 
located within the same TDA, and having similar use characteristics (for example, similar 
ADT) to the impervious surface area being traded. The equivalent area should be upgradient 
of or in close proximity to the discharge from the new area. The drawing on the left side 
of Figure 4-9 shows that the flow control facility needs to be sized for 10 acres of new 
impervious surface. Using the equivalent area option, runoff from the existing impervious 
areas and new impervious areas would be routed to the facility so that 10 acres within the 
same TDA drains to the facility. This concept can also be applied to meeting the minimum 
requirement for runoff treatment. Note that the 50 Percent Rule applies for any flow 
through areas.  

 

  

http://www.wsdot.wa.gov/environment/waterquality/runoff/highwayrunoffmanual.htm
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Figure 4-9 Equivalent area option. 

2. On-site, full area option. The second option deals with the situation where on-site and 
off-site flows cannot be separated before going into a flow control facility. Note that the 
50 Percent Rule does not apply for this option. You must get prior approval from the 
Region Hydraulics Office before using this option. 

The intent of this option is to size the detention facility for just the required amount of area 
(effective impervious and converted pervious surfaces) per HRM minimum requirements, 
but additionally have both unmitigated on-site and off-site areas flow to the facility (see 
Figure 4-10). This will require two separate model runs, as follows:  

Model Run #1 – Size the detention facility and the outlet release structure initially using 
the drainage area (mitigated) for which flow control is required.  

Model Run #2 – Conduct a second modeling exercise that routes flow from unmitigated 
on-site and off-site areas through the previously designed pond and outlet structure in 
Model Run #1. If the flow can pass through the outlet structure without overtopping the 
pond (engaging the emergency overflow structure), it is a successful design. If the pond 
does overtop, then the design is inadequate. Consider the following two options for a 
successful design:  

a. Increase the distance between the design water surface elevation and the 
emergency overflow structure by raising the elevation of the emergency overflow 
structure and the pond embankment (note that a minimum of 1 foot of freeboard 
is required above the pond design water surface elevation).  

b. Redesign the outlet structure. Increase the diameter of the riser while keeping the 
orifices the same so that the higher flows can be discharged. However, you must 
demonstrate that the new outlet structure design could meet the flow control 
duration requirement if the pond were only serving the mitigated area (the initial 
design condition). This option would provide flow control for all of the impervious 
surface draining to the stormwater facility, but you would apply the duration 
standards only to the mitigated area, even though there will be higher flows 
passing through the facility. 

  

New impervious = 10 ac. 

Existing impervious 
= 16 ac. 

 

10 ac.  
equivalent 

area 
 

16 ac. existing and 
new impervious area 

Flow control facility 



Chapter 4   Hydrologic Analysis 

WSDOT Highway Runoff Manual  M 31-16.04  Page 4-17 
April 2014 

The on-site, full area option does not meet a retrofit standard and is applicable for flow 
control facilities only. If the pond also provides runoff treatment, size the dead storage 
volume for the entire area flowing to the pond. Once Model Run #2 is complete, verify 
that the pond still meets the flow control standards for the mitigated area by rerunning 
Model Run #1 analysis with the updated pond structure and geometry. 

Figure 4-10 shows a detention pond that is initially sized for 10 acres, as required by HRM 
Minimum Requirements. After, the full 10 acres plus 22 acres (nonmitigated area) areas 
are modeled to show that the pond does not go into emergency overflow.  

 

 

 

 

 

 

Figure 4-10 Full area option. 

3. Point of Compliance option. There may be instances when some of the area that 
must be captured to meet the flow control requirement cannot be captured and not 
enough equivalent area can be captured to make up the difference. The following option, 
as depicted in Figure 4-11, provides a way to meet the overall intent of the flow control 
requirement for the total area that must be mitigated while allowing some of the required 
area to bypass the flow control facility. The analysis focuses on a point of compliance 
downstream where flows from the flow control facility and the bypass area combine.  

To use this scenario, all of the following conditions must be met. These criteria apply only 
to that portion of the area that must be mitigated and for the area that is bypassed. (See 
Appendix 4A for a link to an example that explains how a point of compliance analysis can 
be modeled using MGSFlood.) 

 Runoff from both the bypass area and the flow control facility converges within 
¼ mile downstream of the project site discharge point. 

 If the bypass area flows to the point of compliance via overland flow, the 
100-year developed peak flow rate from the bypass area will not exceed 0.4 cfs. 
If the bypass area flows through a constructed conveyance channel or pipe, then 
the 0.4 cfs criteria does not apply. 

 Runoff from the bypass area will not create a significant adverse impact to 
downstream drainage systems or properties. 

 Runoff treatment requirements applicable to the bypass area are met. 

   New impervious = 10 ac. 

Existing impervious 

 

   

22 ac. nonmitigated area 

10 ac. mitigated area 

 

Flow control facility 
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Figure 4-11 Point of Compliance option. 

Existing flow control ponds that were designed using the 1995 HRM method can now be 
modified to accept additional runoff from roadways that require widening. Contact the 
HQ Hydraulics Office for current modeling guidance. 

Modeling Best Management Practices (BMPs) 

Flow control BMP design focuses on infiltrating, dispersing, and, as a last resort, detaining and 
discharging stormwater. In contrast to conventional BMPs that receive runoff at one location 
on the site, low-impact development (LID) BMP applications manage stormwater in small-scale 
dispersed facilities located as close to the source of the runoff as possible. Due to the many 
different factors affecting both stormwater runoff treatment and flow control, there is no one 
technique that will work in all situations. Consider the following list of modeling strategies 
when modeling BMPs: 

1. General modeling guidelines: In determining the appropriate modeling approach, it is 
important to understand how stormwater infiltration, dispersion, and runoff occurred 
historically on the site. The site analysis (see Section 4-2) provides information on how 
the site and the surrounding areas currently process stormwater and how they processed 
stormwater before any land use changes had altered them. This information should aid 
you in determining the best site layout and deciding on appropriate BMPs that will either 
maintain or restore the natural predeveloped stormwater process. Use the following items 
from the site analysis to determine appropriate site layouts and BMPs: 

 Location and quantity of off-site drainage entering and on-site drainage leaving 
the site, if any. 

 Slopes throughout the site.  

 Locations of existing mature vegetation (trees and shrubs) that retains intact 
upper soil profiles for stormwater processing. 

 Small depressions on site that retain stormwater runoff. 

 Depths and conditions of the upper soil profile (the A and B horizons), along 
with the identification of the lower soils. 

Existing Impervious = 16 ac. 

New Impervious = 10 ac. 

Flow control facility 

Nonmitigated area 

 
Mitigated area 

Bypass 
area 

¼ mile 
downstream 

Point of 
Compliance 
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2. Modeling and sizing in western Washington: Modeling and sizing of multiple BMPs with 
a readily available continuous simulation model is possible with MGSFlood. In order to 
incorporate low-impact development (LID) BMPs into the MGSFlood model, Table 4-1 and 
Table 4-2 have been created to show what land covers to assume for each BMP. Table 4-1 
lists the assumed land covers broken down by outwash or till soils. Outwash soils would 
represent soils in Hydrologic Soil Group A and some uncompacted soils in Hydrologic Soil 
Group B. Till soils would represent some compacted soils in Hydrologic Soil Group B, as 
well as soils in Hydrologic Soil Groups C and D. 

Table 4-1 Flow control modeling techniques based on land use.  

BMP Type: 
Land Use 

Assume the TDA is Composed of the Following: 
 Outwash Soil       Till Soil 

Reversion of impervious surface[1] 100% Pasture 100% Pasture 

Landscaped with amended soils[2] 100% Pasture 100% Pasture 

Permeable pavement without perforated 
drain pipe[3] 

Represented in MGSFlood 
internally as its own land use 

Represented in MGSFlood 
internally as its own land use 

Permeable pavement with perforated 
drain pipe[3] 

100% Impervious  100% Impervious 

Reverse slope sidewalks 100% Grass  100% Grass  

[1] See Step 2 in the preceding section titled “Reversion of Existing Impervious Surface Areas” and Section 5-4.3.2, 
Soil Amendments. 

[2] See Section 5-4.3.2, Soil Amendments. 
[3] See BMP IN.06, Permeable Pavement Surfaces, in Chapter 5. 

3. For sites with multiple types of BMPs, soil types, and/or land covers, modeling must 
incorporate multiple TDAs. Alternatively, a weighted average of the modeling techniques 
can be calculated for the combination of BMPs. Note that these techniques are for flow 
control only, and must model the postproject conditions in order to determine the 
appropriate runoff treatment volume. Once this is complete, you can then apply these 
modeling techniques to land use to determine the appropriate flow control volume. 

Table 4-2 Flow control modeling techniques for LID BMPs. 

BMP Type: 
Structural 

Assume the Following Process for the Interim: 
      Outwash Soil       Till Soil 

CAVFS, Bioretention Area, 
Infiltration Pond, Infiltration 
Trench, Infiltration Vault* 

Represented in MGSFlood internally 
as its own land use 

Represented in MGSFlood internally 
as its own land use 

Drywells See BMP IN.05 See BMP IN.05 

*These BMPs can be modeled using MGSFlood. Contact the Region Hydraulics Office first to obtain procedures, or 
access the following link:  www.wsdot.wa.gov/design/hydraulics/training.htm 

  

http://www.wsdot.wa.gov/design/hydraulics/training.htm
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Flow Control Facility Design 

Complete flow control facility design by: defining the pond hydraulics in the Pond Hydraulics 
Excel Spreadsheet ( www.wsdot.wa.gov/design/hydraulics/programdownloads.htm) or using 
an optimization routine available in a proprietary version of MGSFlood. (See Appendix 4E for 
a more detailed discussion of these two methods.) Regardless of the method you use for sizing 
a flow control facility, your detention pond design must take into account the effect that the 
actual pond will have as a land use change in the postdeveloped condition. Therefore, your flow 
control analysis should also include the pond surface area in the postdeveloped condition as an 
impervious surface, since the precipitation falling on the detention pond surface will result in 
a runoff volume that will contribute directly to the flow control facility. In the predeveloped 
condition, represent the detention pond top surface area by its existing land cover condition. 
This will require at least two iterations using MGSFlood to properly size the facility. Use the 
water quality flow rates determined from this analysis to size runoff treatment BMPs that are 
downstream of the flow control facility. Use a separate model without the pond area for sizing 
runoff treatment BMPs that are upstream of the flow control facility, since the runoff volume 
from this pond area will not contribute to the runoff treatment BMP. 

Flow Frequency and Duration Statistics Check 

To analyze a stormwater pond’s effectiveness at reducing postdevelopment flows to pre-
developed levels, first route flows through the pond. Compute statistics and create graphs to 
show the performance graphically. Assess pond performance by comparing the flow frequency 
and duration statistics for the pond outflow with the statistics computed for the predeveloped 
condition. The designer must also check the 100-year peak flow for flood control and property 
damage. Review the history file and verify that the postdeveloped 100-year peak is less than 
the predeveloped 100-year peak flow. If the postdeveloped peak flow is not less than the 
predeveloped 100-year peak flow, field-verify that property damage will be prevented. 

4-4 Eastern Washington Design Criteria 
This section provides a discussion of the methodologies used for calculating stormwater runoff 
from project sites in eastern Washington. The hydrologic analysis method for most WSDOT 
project sites in eastern Washington is either the SCS or SBUH method. The input required 
for a single-event hydrograph method includes pervious and impervious areas; times of 
concentration; pervious and impervious curve numbers; design storm precipitation; and 
a design storm hyetograph. An approved single-event model, such as StormShed, should 
be used for calculating runoff characteristics. Single-event models are explained in more 
detail in Section 4-4.6. 

Note: The threshold discharge area concept must also be applied to projects in eastern 
Washington (see Section 4-2.5). 

http://www.wsdot.wa.gov/design/hydraulics/programdownloads.htm
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After you compute the existing and postdeveloped hydrographs for the project site, route the 
results through a level pool reservoir. The level pool reservoir is a model of either a detention 
or an infiltration facility. If a detention facility is proposed, the design includes a flow control 
structure consisting of one or more orifices in a riser or baffle wall that slowly releases the 
outflows. If an infiltration facility is proposed, the model input includes the infiltration 
pond/trench area, design infiltration rate, and outlet control facility parameters—if only 
a portion of the design storm hydrographs will infiltrate and some flow will be released to 
a surface conveyance system. Use the level pool routing method to optimize the size of 
the facility with the space and depth available and meet the design criteria from Minimum 
Requirement 6 (see Section 3-3.6). 

4-4.1 Runoff Treatment Flow-Based and Volume-Based BMPs 
Runoff treatment BMPs are used to treat the stormwater runoff from pollutant-generating 
surfaces and should be designed in accordance with Minimum Requirement 5 (see Section 
3-3.5). Some treatment BMPs are sized based on flow rate, while others are sized based on 
volume of runoff. For example, a bioswale or proprietary filtration BMP is sized based on flow 
rate, whereas an infiltration pond is sized based on runoff volume. Sizing is dependent on flow 
rates or volumes, as detailed in the following sections. The criteria for sizing runoff treatment 
facilities in eastern Washington are summarized in Table 3-4. 

4-4.1.1 Flow-Based Runoff Treatment 

The design flow rate for these types of facilities is dependent on whether the treatment facility 
is located upstream of a flow control facility and whether it is an on-line or off-line facility (see 
Section 4-3.1.1 for examples). You can design most treatment facilities as on-line systems, with 
flows greater than the runoff treatment design flow rate simply passing through the facility as 
overflow, with lesser or no pollutant removal. However, it is sometimes desirable to restrict 
flows to treatment facilities and bypass the remaining higher flows around them. These are 
called off-line systems. 

4-4.1.2 Volume-Based Runoff Treatment 

Runoff treatment facilities are designed based on volumes and must be sized for the entire flow 
volume that is directed to them. Use the following method to derive the storage volume: 

 Wetpool and Infiltration: The NRCS curve number equations (see Hydraulics Manual, 
Section 2-6.3) can be used to determine the runoff treatment design storm runoff 
volume. This is the volume of runoff from the storm noted in Table 3-4. WSDOT 
prefers that StormShed, an SBUH-based program, be used for this method to size 
volume-based runoff treatment BMPs. The size of the wetpool or infiltration storage 
volume is the same whether it is located upstream or downstream of a flow control 
facility or coupled with the flow control facility. 

  

http://www.wsdot.wa.gov/Publications/Manuals/M23-03.htm


Hydrologic Analysis  Chapter 4 

Page 4-22  WSDOT Highway Runoff Manual M 31-16.04 
  April 2014 

If the runoff from the new impervious surfaces and converted pervious surfaces is not 
separated from runoff from other surfaces on the project site, and/or is combined with 
run-on from areas outside the right of way, the runoff treatment facilities must be sized for 
the entire flow volume that is directed to them. Infiltration facilities must infiltrate 6-month, 
24-hour total runoff volume within 72 hours after precipitation has ended. 

4-4.2 Flow Control BMPs 
An approved single-event model must be used when designing flow control BMPs, in 
accordance with Minimum Requirement 6 (see Section 3-3.6). WSDOT prefers that StormShed 
be used for designing flow control BMPs in WSDOT right of way. Stormwater discharges to 
surface waters must match developed peak flows to predeveloped peak flows for the range 
of predeveloped discharge rates noted in Table 3-7. 

4-4.3 Temporary Construction Site Erosion and Sediment Control 
Refer to the Temporary Erosion and Sediment Control Manual for information on designing 
construction stormwater BMPs. 

4-4.4 Exemptions for Flow Control 
WSDOT has developed a standardized process to aid you in producing an acceptable hydraulic 
analysis for determining flow control exemptions. The process will help you determine how 
extensive an analysis must be for a particular project. (See Chapter 3 for a process that has 
been established for lakes and some river systems.) Please refer to Minimum Requirement 6 
(see Section 3-3.6) for further details on exemptions, flow dispersion, and flow control 
thresholds. 

4-4.5 Hydrologic Analysis Methods for Flow Control and Runoff 
Treatment Facility Design 

This section presents the general process involved in conducting a hydrologic analysis using 
single-event hydrograph methods to (1) design retention/detention/infiltration flow control 
facilities and (2) determine runoff treatment volumes. The exact step-by-step method for 
entering data into a computer model varies with the different models and is not described 
here (see the Documentation or Help modules of the computer program). Predeveloped and 
postdeveloped site runoff conditions must be determined and documented in the Hydraulic  
Report.  

The process for designing retention/detention/infiltration flow control facilities in eastern 
Washington is presented below. Review Minimum Requirement 6 (see Section 3-3.6) to 
determine all the requirements that will apply to the proposed project. 

1. Determine rainfall depths for the site (see Appendix 4A or WSDOT GIS Environmental 
Workbench). 

  



Chapter 4   Hydrologic Analysis 

WSDOT Highway Runoff Manual  M 31-16.04  Page 4-23 
April 2014 

 2-year – 24-hour 

 25-year – 24-hour 

 100-year – 24-hour 

2. Determine predeveloped soils type and hydrologic group (A, B, C, or D) from SCS maps. 

3. Determine predeveloped and postdeveloped pervious and impervious area (in acres) 
contributing to the BMP (see Section 4-2.5 for more details). 

4. Determine curve numbers for pervious and impervious area using hydrologic soil groups 
for both the predeveloped and postdeveloped conditions (see Section 3-3.6.4, Appendix 4B, 
and Equations 4-1 and 4-2). 

5. Determine predeveloped and postdeveloped time of concentration. StormShed will do this 
calculation if you enter length, slope, roughness, and flow type. 

6. Select storm hyetograph and analysis time interval. Check that the analysis time interval is 
appropriate for use with storm hyetograph time increment (see Appendix 4C). 

7. For each BMP, input the data obtained above into the computer model for each 
predeveloped and postdeveloped storm event. 

8. Have the computer model compute the hydrographs. 

9. Review the peak flow rate for the predeveloped conditions in the 2-year and 25-year 
storm events. The allowable release rate is listed in Table 3-7. Note: In some cases, the 
predeveloped 2-year peak flow rate may be 0 cfs, which means there is no discharge from 
the site. The 2-year postdeveloped flows in this situation must be retained as dead storage 
that will ultimately infiltrate or evaporate. 

10. Review the peak flow rate for postdeveloped conditions in the 2-year and 25-year storms.  

11. Assume the size of the detention facility and input the data into the computer model. 
Refer to the volume of the postdeveloped design storm hydrograph computed in Step 8 
for a good initial assumption of the detention volume required. 

12. Assume the size of the orifice structure and input the data into the computer model. 
A single orifice at the bottom of the riser may suffice in some cases. In other projects, 
multiple orifices may result in decreased pond sizes. A good approximation would be 
to assume a 1-inch-diameter orifice per 0.05 cfs outflow for a typical pond. 

13. Use the computer model to route the postdeveloped hydrographs through the detention 
facility and orifice structure. Compare the postdeveloped peak outflow rates to allowable 
release rates from Step 9. 

14. If the postdeveloped peak outflow rates exceed the allowable release rates, adjust 
detention volume, orifice size, orifice height, or number of orifices. Keep running the 
computer model and adjusting the parameters until the post-developed outflow rates 
are less than or equal to the allowable release rates. 
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15. In the flow control analysis for detention pond design, include the detention pond surface 
area as impervious surface. The detention pond design must take into account the effect 
that the actual pond will have as a land use change in the postdeveloped condition. 
Therefore, in the flow control analysis, you should also include the pond surface area in the 
postdeveloped condition as an impervious surface, since the precipitation falling on the 
detention pond surface will result in a runoff volume that will contribute directly to the 
flow control facility. In the predeveloped condition, represent the pond top surface area by 
its existing land cover condition. This will require at least two iterations using StormShed to 
properly size the detention facility. Use the water quality flow rates determined from this 
analysis to size runoff treatment BMPs that are downstream of the flow control facility. 
Use a separate model without the pond area for sizing runoff treatment BMPs that are 
upstream of the flow control facility, since the runoff volume from this pond area will 
not contribute to the runoff treatment BMP. 

16. Check the 100-year release rate and compare to predeveloped conditions, and check for 
potential property damage. 

17. Calculations are complete. 

Examples can be found through the web links, which are provided in Appendix 4A. 

Following is the process for calculating runoff treatment design volumes or flow rates. Note 
that the data for many of the initial steps matches the data used in designing retention/ 
detention flow control facilities described above. 

1. Review Minimum Requirement 5 (see Section 3-3.5) to determine all requirements that will 
apply to the proposed project. 

2. Determine the climatic region and Mean Annual Precipitation (MAP) (see Appendix 4A). 

3. Determine the rainfall for the site depending on the treatment BMP (see Appendix 4A and 
Section 4-4.1). 

4. Multiply the rainfall by the appropriate coefficient to determine the 6-month precipitation 
(see Appendix 4C). 

5. Determine the existing soils type and hydrologic group (A, B, C, or D) from SCS maps (see 
Hydraulics Manual, Section 2-6.2). 

6. Determine postdeveloped pervious and impervious area (in acres) requiring treatment that 
contributes flow to the treatment BMP. 

7. Determine curve numbers for pervious and impervious area using the hydrologic soil group 
for the postdeveloped condition (see Appendix 4B). 

8. Determine postdeveloped time of concentration; StormShed computes this when you input 
length, slope, roughness, and flow type (see the Hydraulics Manual, Section 2-6.2). 

9. If modeling the short-duration storm hyetographs, select the short-duration rainfall type in 
StormShed. Determine that the analysis time interval is appropriate for use with the storm 
hyetograph time increment (see Appendix 4C). 

http://www.wsdot.wa.gov/Publications/Manuals/M23-03.htm
http://www.wsdot.wa.gov/Publications/Manuals/M23-03.htm
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10. Input data obtained from above into StormShed for the postdeveloped storm event. 

11. Have the model compute the hydrograph. 

12. For the design of flow-based treatment BMPs, note that the computed peak flow from 
the 6-month, 3-hour hydrograph is the design flow. 

13. For the design of volume-based treatment BMPs, note that the computed volume from 
the 6-month, 24-hour storm is the design volume. 

Examples can be found through the web links, which are provided in Appendix 4A. 

4-4.6 Single-Event Hydrograph Method 
In eastern Washington, a single-event hydrograph method is typically used for calculation of 
runoff, with an integrated set of hydrology design tools developed to address the needs of 
conventional engineering practice. There are many single-event models based on the SCS (Soil 
Conservation Service) and SBUH methodologies that include level pool routing, pipe and ditch 
conveyance system analysis, and backwater computation. Appendix 4A provides a link to the 
approved WSDOT single-event model. Single-event models are described in more detail in 
Chapter 2 of the WSDOT Hydraulics Manual. Runoff curve numbers and the precipitation data 
differ considerably in eastern and western Washington (see Appendix 4B). Refer to Appendix C 
for a discussion on the eastern Washington design storm events.  

4-4.7 Eastern Washington Design Storm Events 
When rainfall patterns during storms were analyzed in eastern Washington, it was concluded 
that the SCS Type II rainfall does not match the historical records. Two types of storms were 
found to be prominent on the east side of the state: short-duration thunder storms (later 
spring through early fall seasons) and long-duration winter storms (any time of year, but most 
common in the late fall through winter period and the late spring and early summer period). 
The short-duration storm normally generates the greatest peak discharges from small 
impervious basins; use it to design flow-based BMPs. The long duration storm occurs over 
several days, generating the greatest volume; use it to design volume-based BMPs. 

When using the long-duration storm, note that eastern Washington has been divided into 
the following four climatic regions: 

1. East Slope Cascades 

2. Central Basin 

3. Okanogan, Spokane, Palouse 

4. NE and Blue Mountains 

The long-duration storms in Regions 2 and 3 are similar to the SCS Type 1A storm. Designers 
in those regions can choose to use either the long-duration storm or the SCS Type 1A storm. 
Eastern Washington design storm events are further discussed in Appendix 4C. 

http://www.wsdot.wa.gov/Publications/Manuals/M23-03.htm
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4-4.8 Modeling Using Low-Impact Development Techniques in 
Eastern Washington 

Low-impact development (LID) is a BMP application that manages stormwater on a small scale 
and disperses it into a facility as close as possible to the source of runoff. This is in contrast to 
conventional BMP applications that manage stormwater at one location on the project site. 

Design of low-impact development BMP drainage features in eastern Washington requires 
a different approach than in western Washington, since the sizing of these systems is based on 
a single-event hydrologic model. Adjustments to site runoff parameters are based on the SCS 
Curve Numbers (CNs) applicable to the site ground cover and soil conditions. Appendix 4B 
presents the adjusted runoff CNs for selected soil and ground cover combinations, reflecting 
the reduced values for situations where pervious areas drain to low-impact BMPs. (See the 
Hydraulics Manual, Section 2-6.2, for soil type definitions and more discussion on CN values.) 
Note: The analysis described in this section typically uses StormShed. 

Composite custom CN values are calculated using a weighted approach based on individual land 
covers, without considering disconnectivity of the site’s impervious surfaces. This approach is 
appropriate because it places increased emphasis on minimal disturbance to, and retention of, 
site areas that have potential for runoff storage and infiltration. This approach also provides an 
incentive to save more trees and shrubs and maximize the use of Type A and B soils for 
recharge. 

If the impervious surface coverage on the site is less than 30% of the site area, the percentage 
of unconnected impervious areas within the watershed influences the calculation of the CN 
value. For linear transportation systems, evaluate the percentage of impervious surface based 
on a “unit length” method, such as a drainage area 30 feet wide that is bound by the crown of 
the roadway centerline to the right of way limit. 

Use Equation 1 when disconnectivity of impervious areas is not considered. 
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where: CNc = Composite Curve Number 
Aj = Area of each land cover in ft2 
CNj = Curve number for each land cover 

  

http://www.wsdot.wa.gov/Publications/Manuals/M23-03.htm
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Use Equation 2 for sites with less than 30% impervious surface coverage where those 
impervious surfaces are disconnected. 
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+=
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where: CNc = Composite Curve Number 
CNp = Composite pervious Curve Number 
Pimp = Percentage impervious site area 
R = Ratio of unconnected impervious area to total impervious area* 

*Unconnected impervious areas are impervious areas without any direct connection to a 
drainage system or other impervious surface. 

After your calculation of the CNc is complete, use the SBUH method to determine stormwater 
runoff volumes and rates from the unit length of roadway basin (for example, 30-foot width 
for continuous roadway prisms with consistent soils/vegetation) for the applicable runoff 
treatment and flow control design storms. You can also apply this method to specific 
roadway lengths (noncontinuous width) where soils and roadway character vary.  

It is extremely important to verify soil infiltration capacity and vegetative cover in all areas 
where the SBUH method is to be applied. Determine the natural infiltration capacity of the 
roadside area where runoff will be distributed. The WSDOT Materials Lab should provide the 
infiltration rates, although you can use the initial estimates based on published NRCS data for 
rough sizing estimates (see Section 4-5.4). If the resultant infiltration rate (Q) of the receiving 
area is greater than the peak 25-year design flow rate of the contributing drainage basin, all 
stormwater will be infiltrated along the roadside and no further analysis is needed. Perform 
the calculation of the infiltrative flow rate (Qi) as follows: 

Calculation of Infiltrative Flow Rate 

sft
hrin

AFQi

/
/43200

×
=

 (E-3) 

where: Qi = Flow rate in cfs 
A = Area available for infiltration in ft2 

 F = Saturated (long-term) infiltration rate in inches/hour 

Should peak flow rates of the contributing drainage basin exceed the infiltrative flow rate of 
the receiving roadside area, further analysis is required and some storage of stormwater will 
be necessary. In semiarid nonurban areas, formalized detention ponds are usually not the best 
solution. Storage of minor to moderate amounts of stormwater runoff can be accomplished by 
using natural depression storage. This includes depressions in the roadside topography, swales, 
and even roadway ditches. Each of these features can accommodate stormwater storage and 
allow for releasing runoff through infiltration over a longer time scale. 
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To determine the needed runoff retention volume, subtract the continuous saturated 
infiltration rate from the 25-year storm hydrograph produced from the SBUH method. The 
resulting quantity represents the runoff volume that needs to be detained until infiltration can 
“catch up” with the runoff. Check to see if this volume can be accommodated in the existing 
roadside landscape or roadway ditches. If roadside hydraulic conveyance capacity allows, you 
may place check dams in ditches to detain stormwater in noncentralized locations. This method 
for small-scale flow detention will require a site-specific analysis; a continuous linear approach 
may not be valid. 

4-5 Infiltration Design Criteria and LID Feasibility 
LID is a stormwater and land use management strategy that strives to mimic predisturbance 
hydrologic processes of infiltration, filtration, storage, evaporation, and transpiration by 
emphasizing conservation and use of on-site natural features, site planning, and distributed 
stormwater management practices that are integrated into a project design. Road and highway 
projects rely on infiltration to meet LID requirements.  

Infiltration facilities provide stormwater flow control by containing excess runoff in storage 
facilities, then percolating runoff into the surrounding soil. Infiltration facilities can provide 
runoff treatment and flow control, but to do so requires certain site and soil characteristics. 
Sections 4-5.1 and 4-5.2 provide a detailed discussion of the site and soil characteristics 
needed to determine which types of infiltration facilities are most appropriate for the site. 

Surface infiltration BMP designs and subsurface infiltration BMP designs follow different 
criteria. Infiltration ponds, infiltration vaults, infiltration trenches (designed to intercept sheet 
flow), dispersion, and CAVFS are considered surface infiltration BMPs and are based on 
infiltration rates. In order to compute these infiltration rates, make a determination of the soil 
saturated hydraulic conductivity. Infiltration trenches designed as an end-of-pipe application 
(with underdrain pipe) and drywells are considered subsurface infiltration BMPs and regulated 
by the Underground Injection Control (UIC) Rule, which is intended to protect underground 
sources of drinking water. As a result, subsurface infiltration BMPs are known as underground 
injection facilities and designed dependent on the treatment capacity of the subsurface soil 
conditions or have pretreatment BMPs to pretreat the stormwater prior to injection. 

The sections that follow provide detailed information on site suitability criteria, LID feasibility, 
determination of saturated hydraulic conductivity, determination of infiltration rates, and 
underground injection facilities. 
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4-5.1 Site Suitability Criteria (SSC) 
This section specifies the site suitability criteria that must be considered for siting infiltration 
treatment systems. When a site investigation reveals that any of the following eight applicable 
criteria cannot be met, you must implement appropriate mitigation measures so that the 
infiltration facility will not pose a threat to safety, health, or the environment. 

For infiltration treatment, site selection, and design decisions, a qualified engineer with 
geotechnical and hydrogeologic experience should prepare a geotechnical and hydrogeologic 
report. A comparable professional may also conduct the work if it is under the seal of a 
registered Professional Engineer (PE). The design engineer may use a team of certified or 
registered professionals in soil science, hydrogeology, geology, and other related fields. 

To design infiltration facilities, follow SSC 1, when applicable, in addition to those SSCs 
described in the infiltration BMP descriptions in Chapter 5. Figures 4-12 through 4-15 are 
flow charts of the Site Suitability Criteria, and you can use them to determine the suitability 
of a site for infiltration facilities. 

SSC 1 – Setback Requirements 

Setback requirements for infiltration facilities are generally provided in local regulations, 
Uniform Building Code requirements, or other state regulations. Use the following setback 
criteria unless otherwise required by Critical Area Ordinance or other jurisdictional authorities. 

 In general, locate infiltration facilities 20 feet downslope and 100 feet upslope from 
building foundations and 50 feet or more behind the top of slopes steeper than 15%. 
Request a geotechnical report for the project that would evaluate structural site 
stability impacts due to extended subgrade saturation and/or head loading of the 
permeable layer, including the potential impacts to downgradient properties 
(especially on hills with known side-hill seeps). Ensure the report addresses the 
adequacy of the proposed BMP locations and recommend any adjustments to the 
setback distances provided above, either greater or smaller, based on the results 
of this evaluation. 

 Set infiltration facilities back at least 100 feet from drinking water wells, septic tanks 
or drain fields, and springs used for public drinking water supplies. Ensure infiltration 
facilities upgradient of drinking water supplies and within 1-, 5-, and 10-year time of 
travel zones comply with health department requirements (Washington Wellhead 
Protection Program, WAC 246-290-135). 

 Consider additional setbacks if roadway deicers or herbicides are likely to be present 
in the influent to the infiltration system. 

 Locate infiltration facilities at least 20 feet from a native growth protection easement 
(NGPE). 

 Locate infiltration facilities a minimum of 5 feet from any property line and vegetative 
buffer. You may increase this distance based on permit conditions required by the 
local government. 

http://apps.leg.wa.gov/WAC/default.aspx?cite=246-290-135
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SSC 2 – Seepage Analysis and Control 

Determine whether there would be any adverse effects caused by seepage zones near 
building foundations, roads, parking lots, or sloping sites. Infiltration of stormwater is not 
allowed on or upgradient of a contaminated site where infiltration of even clean water can 
cause contaminants to mobilize. If contaminants are known or suspected to be on site, do 
not use infiltration facilities without the concurrence of the Region Hydraulics Engineer, the 
ESO Hazardous Materials Unit, and the WSDOT geotechnical engineer.  

Sidewall seepage is not usually a concern if seepage occurs through the same stratum as the 
bottom of the facility. However, for engineered soils or soils with very low permeability, the 
potential to bypass the treatment soil through the sidewalls may be significant. In those 
cases, the sidewalls must be lined, either with an impervious liner or with the same depth 
of treatment soil as on the pond bottom, to prevent seepage of untreated flows through 
the sidewalls. 

SSC 3 – Groundwater Protection Areas 

A site is not suitable if the infiltrated stormwater will cause a violation of the Ecology water 
quality standards for groundwaters (WAC 173-200). Consult local jurisdictions to determine 
applicable pretreatment requirements and whether the site is located in an aquifer-sensitive 
area, a sole-source aquifer, or a wellhead protection zone. 

SSC 4 – Depth to Bedrock, Water Table, or Impermeable Layer 

The base of all infiltration basins or trench systems must be ≥ 5 feet above the seasonal high 
water mark, bedrock (or hardpan), or other low-permeability layer. Consider a separation down 
to 3 feet if the design of the overflow and/or bypass structures is judged by the site professional 
to be adequate to prevent overtopping and meet the SSC specified in this section. 

SSC 5 – Soil Infiltration Rate 

For runoff treatment infiltration facilities, the maximum soil infiltration rate is 9.0 inches per 
hour. Calculate the long-term infiltration rate as described in Appendix 4D, Section 4D-3.1 using 
the “Detailed Approach,”  or the “Simplified Approach” (see Appendix 4D, Section 4D-3.2). This 
infiltration rate is typical for soil textures that have sufficient physical and chemical properties 
for adequate treatment, particularly for soluble pollutant removal.  The soil should have 
characteristics similar to those specified in SSC 7. 

SSC 6 – Drawdown Time 

For western Washington, the 91% percentile, 24-hour runoff volume must be infiltrated within 
48 hours. Runoff treatment in eastern Washington is designed to completely drain ponded 
runoff within 72-hours in order to meet the following objectives: 

 Enhance the biodegradation of pollutants and organics in the soil. 
 Aerate vegetation and soil to keep the vegetation healthy and prevent anoxic 

conditions in the treatment soil. 

http://apps.leg.wa.gov/WAC/default.aspx?cite=173-200
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In general, this drawdown requirement is applicable only if it is intended for the infiltration 
facility to provide treatment. It is also used to address storage capacity if a single-event 
hydrograph model is used. Drawdown time criteria are not applicable for infiltration 
facilities designed for flow control in western Washington. 

SSC 7 – Soil Physical and Chemical Suitability for Treatment 

Consider soil texture and design infiltration rates, along with the physical and chemical 
characteristics specified below, to determine whether the soil is adequate for removing the 
target pollutants. Carefully consider the following soil properties in making this determination: 

 Cation exchange capacity (CEC) of the treatment soil must be >5 milliequivalents 
CEC/100 g dry soil (U.S. EPA Method 9081). Consider empirical testing of soil sorption 
capacity, if practicable. Ensure soil CEC is sufficient for expected pollutant loadings, 
particularly heavy metals. CEC values of >5 meq/100g are expected in loamy sands, 
according to Rawls et al. (1982). Consider lower CEC content if it is based on a soil 
loading capacity determination for the target pollutants that is accepted by the 
local jurisdiction. 

 The sodium adsorption ratio (SAR) can have a dramatic effect on the long-term 
performance of an infiltration facility. Soils with an excess of sodium ions, compared 
to calcium and magnesium ions, remain in a dispersed condition, almost impermeable 
to water. A dispersed soil is extremely sticky when wet, tends to crust, and becomes 
very hard and cloddy when dry. An SAR value of 15 or greater indicates that an excess 
of sodium will be adsorbed by the soil clay particles and severely restrict infiltration. 
Montmorillionite, vermiculite, illite, and mica-derived clays are more sensitive to 
sodium than other clays and could develop problems if the SAR is greater than 5. 
If runoff contains high levels of sodium in relation to calcium and magnesium, it 
may also present problems in the future. You can add gypsum (calcium sulfate) 
to the soil to free the sodium and allow it to be leached from the soil. 

 Depth of soil used for infiltration treatment must be a minimum of 18 inches, 
except for designed, vegetated infiltration facilities with an active root zone, such 
as bioinfiltration swales. 

 The organic matter content of the treatment soil (ASTM D 2974) can increase the 
sorptive capacity of the soil for some pollutants. The site professional should evaluate 
whether the organic matter content is sufficient for control of the target pollutant(s). 
The minimum organic content is 1.0 percent. 

 Do not use waste fill materials as infiltration soil media, nor should you place such 
media over uncontrolled or nonengineered fill soils. 

 Use engineered soils to meet the design criteria in this chapter and the runoff 
treatment targets in Table 3-1. (See Soil Amendments in Chapter 5.) 
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SSC 8 – Cold Climate and Impacts of Roadway Deicers 

 For cold climate design criteria (snowmelt/ice impacts), refer to the D. Caraco and 
R. Claytor document, Stormwater BMP Design Supplement for Cold Climates, U.S. EPA, 
December 1997. 

 Consider the potential impact of roadway deicers on potable water wells in the siting 
determination. Implement mitigation measures if infiltration of roadway deicers can 
cause a violation of groundwater quality standards. For assistance, contact region or 
HQ hydraulics staff. 
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Figure 4-12 Soil Suitability Criteria 1 Flow Chart.  
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Figure 4-13 Soil Suitability Criteria 2-4 Flow Chart. 
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Figure 4-14 Soil Suitability Criteria 5-6 Flow Chart. 
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Figure 4-15 Soil Suitability Criteria 7-8 Flow Chart. 
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4-5.2 LID Feasibility 
There are many types of LID and infiltration BMPs listed in Chapter 5. They include natural 
and engineered dispersion, compost-amended vegetated filter strips (CAVFS), continuous 
inflow compost-amended biofiltration swales (CICABS), media filter drains (MFD), bioretention 
areas, bioinfiltration ponds, natural depression areas, infiltration ponds, vaults, trenches, and 
drywells. Each BMP has its own distinct set of LID infeasibility criteria that is listed in the BMP 
descriptions in Chapter 5. There are some LID infeasibility criteria that are shared among all 
of the BMPs; they are listed below. 

The following criteria describe conditions that make LID BMPs infeasible to meet the LID 
requirement per the BMP selection process in Section 5-3. It is important to note that even 
though a LID BMP is infeasible to meet the LID requirement, you can still design and use the 
LID BMP to meet the runoff treatment and/or flow control requirement for the TDA. Base the 
citation of any of the below infeasibility criteria on an evaluation of site-specific conditions and 
document in the project’s Hydraulic Report via the LID Feasibility Checklist, along with any 
applicable written recommendations from an appropriate licensed professional (e.g., engineer, 
geologist, hydrogeologist). Refer to Appendix 4A for a link to the LID Feasibility Checklist. 

Scoping-Level Feasibility 

 Does the area have groundwater that drains into an erosion hazard or landslide hazard 
area? 

 Does the only area available for siting the LID BMP threaten the safety or reliability of 
preexisting: underground utilities, underground storage tanks, structures, or road or 
parking lot surfaces? 

 Are there houses or buildings in the project area that may have basements that might 
be threatened by infiltrating stormwater from the area?  

 Would the LID BMP be within setbacks from structures as established by the local 
government with jurisdiction? 

 Is the land for the LID BMP within an area designated as an erosion hazard or landslide 
hazard?  

 Is the LID BMP within 50 feet from the top of slopes that are greater than 20% and 
over 10 feet of vertical relief?  

 Is the proposed site on property with known soil or groundwater contamination 
(typically federal Superfund sites or state cleanup sites under the Model Toxics 
Control Act (MTCA))?  

 Is the proposed LID BMP within 100 feet of an area known to have deep soil 
contamination? 

 Would the LID BMP be within any area where it would be prohibited by an approved 
cleanup plan under the state Model Toxics Control Act or federal Superfund law, or 
an environmental covenant under Chapter 64.70 RCW? 

http://apps.leg.wa.gov/rcw/default.aspx?cite=64.70
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 Is the LID BMP within 100 feet of a closed or active landfill? 

 Is the LID BMP within 100 feet of a drinking water well or a spring used for drinking 
water supply? 

 Is the LID BMP within 10 feet of a small on-site sewage disposal drain field, including 
reserve areas, and grey water reuse systems? For setbacks from a “large on-site 
sewage disposal system,” see Chapter 246-272B WAC. 

 Is the LID BMP within 10 feet of an underground storage tank and connecting 
underground pipes when the capacity of the tank and pipe system is 1,100 gallons or 
less OR within 100 feet of an underground storage tank and connecting underground 
pipes when the capacity of the tank and pipe system is greater than 1,100 gallons? 
An underground storage tank means any tank used to store petroleum products, 
chemicals, or liquid hazardous wastes of which 10% or more of the storage volume, 
including the volume in the connecting piping system, is beneath the ground surface.  

Project-Level Feasibility 

 Is there insufficient space for a LID BMP within the existing public right of way on 
public road projects? 

 Does the only area available for siting the LID facility not allow for a safe overflow 
pathway to the municipal separate storm sewer system?  

 Is the LID BMP not compatible with surrounding drainage system as determined by 
the local government with jurisdiction (e.g., project drains to an existing stormwater 
collection system whose elevation or location precludes connection to a properly 
functioning bioretention facility)? 

 Is the LID BMP within 10 feet of an underground storage tank and connecting 
underground pipes when the capacity of the tank and pipe system is 1,100 gallons or 
less OR within 100 feet of an underground storage tank and connecting underground 
pipes when the capacity of the tank and pipe system is greater than 1,100 gallons? 
An underground storage tank means any tank used to store petroleum products, 
chemicals, or liquid hazardous wastes of which 10% or more of the storage volume, 
including the volume in the connecting piping system, is beneath the ground surface. 

 Does a professional geotechnical/geologic evaluation recommend infiltration not 
be used due to reasonable concerns about erosion, slope failure, or downgradient 
flooding? 

 Would infiltrating water threaten shoreline structures such as bulkheads?  

 Does field testing indicate that LID BMP areas have a measured (a.k.a., initial) native 
soil saturated hydraulic conductivity less than 0.30 inches per hour?  

 For properties with known soil or groundwater contamination (e.g., federal Superfund 
sites), does groundwater modeling indicate infiltration will likely increase or change 
the direction of the migration of pollutants in the groundwater? 

http://apps.leg.wa.gov/wac/default.aspx?cite=246-272B
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 Properties with known soil or groundwater contamination (e.g., federal Superfund 
sites), where surface soils have been found to be contaminated, need to be removed 
within 10 horizontal feet from the infiltration area/LID BMP. Would there be any 
problems keeping this 10 horizontal foot distance from contaminated surface soils? 

 A minimum vertical separation of 1 foot is required between the seasonal high water 
table, bedrock, or other impervious layer to the bottom of the LID BMP that would 
serve a drainage area that is: (1) less than 5,000 sq. ft. of pollution-generating 
impervious surface, (2) less than 10,000 sq. ft. of impervious surface, and (3) less 
than ¾ acres of pervious surface. Are there any problems achieving this separation? 

 A minimum vertical separation of 3 feet is required between the seasonal high water 
table, bedrock or other impervious layer to the bottom of the LID BMP that: (1) would 
serve a drainage area that meets or exceeds 5,000 square feet of pollution-generating 
impervious surface, OR 10,000 sq. ft. of impervious surface, OR ¾ acres of pervious 
surfaces; and (2) cannot reasonably be broken down into amounts smaller than 
indicated in (1).  Are there any problems achieving this separation? 

4-5.3 Saturated Hydraulic Conductivity 
Once a site is determined suitable for infiltration, you can begin the infiltration design. The 
sizing of an infiltration BMP is dependent on the infiltration rate of the soils over which the 
BMP is located. Section 4-5.4 discusses the various ways to determine an infiltration rate. 
Infiltration rates are based on two components: the soil’s saturated hydraulic conductivity 
and the hydraulic gradient. This section explains how to determine saturated hydraulic 
conductivity, which is based on the porosity of the underlying soil when saturated. 

There are two ways to determine saturated hydraulic conductivity. The first methodology, 
called the Detailed Approach, was developed from research conducted by Massmann (2003). 
The second methodology is the use of the Guelph Permeameter and is only allowable in eastern 
Washington. 

4-5.3.1 Detailed Approach to Determine Saturated Hydraulic Conductivity 

The geotechnical investigation will typically provide a computation of the saturated hydraulic 
conductivity (Ksat) for the area proposed for infiltration. In those cases where the Ksat is not 
provided, use the gradation information from the geotechnical investigation and the process 
equations in Appendix 4-D to compute the Ksat value. 

Use the Ksat derived using the Detailed Approach to design the following:  

 Bio-infiltration pond (BMP IN.01) 

 Infiltration pond (BMP IN.02) 

 Infiltration trench (BMP IN.03) 

 Infiltration vault (BMP IN.04) 

 Underlying soils of CAVFS (BMP RT.02) 
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 Drywell (BMP IN.05) 

 Natural dispersion (BMP FC.01)  

Refer to Appendix 4D, Section 4D-1, for more information on Ksat determination. 

4-5.4 Determination of Infiltration Rates 
An overview of the design procedure is provided in Figures 4D-1 through 4D-4 in Appendix 4D. 
The focus of these design procedures is to size the facility. For other geotechnical aspects of the 
facility design, including geotechnical stability of the facility and constructability requirements, 
see Chapter 5 and the Design Manual. A multidisciplinary approach is required to design 
infiltration facilities, as described in Chapter 2. This section describes the three methods for 
determining infiltration rates. 

1. Detailed Approach for Determining Infiltration Rates. A detailed analysis that allows you 
to consider the type of hydrograph used (continuous or single-event); the depth to the 
groundwater table; the Ksat of the underlying soils of the facility; the site-specific hydraulic 
gradient for the facility; and the facility geometry. 

2. Simplified Approach for Determining Infiltration Rates. This method generally follows 
Ecology’s SWMMWW and commonly produces a more conservative facility size. 

3. Determining Infiltration Rates for Soil Amendment BMPs. This method follows a standard 
ASTM and has been accepted by Ecology. 

Refer to Appendix 4D, Section 4D-1, for more information on infiltration rate determination, 
and Section 4D-3 for more details on determining infiltration rates.  

4-5.5 Underground Injection Facilities 
Infiltration is one of the preferred methods for disposing of excess stormwater in order to 
preserve natural drainage systems in Washington. Subsurface infiltration is regulated by the 
Underground Injection Control (UIC) Rule, which is intended to protect underground sources 
of drinking water ( www.ecy.wa.gov/programs/wq/grndwtr/uic/index.html). By definition, 
a UIC facility includes a constructed subsurface fluid distribution system or a dug hole that is 
deeper than the largest surface dimension. For the purposes of this section, infiltration systems 
include drywells (BMP IN.05) and infiltration trenches with perforated underdrain pipes (BMP 
IN.03) designed to discharge stormwater directly into the ground. The following are not 
regulated as stormwater underground injection facilities:  

 Infiltration trenches that do not include perforated underdrain pipes 

 Infiltration vaults (BMP IN.04) 

 Buried pipe and/or tile networks that serve to collect water and discharge that water 
to a conveyance system or a surface water  

 Any facilities that are designed to receive fluids other than stormwater  

http://www.wsdot.wa.gov/Publications/Manuals/M22-01.htm
http://www.ecy.wa.gov/programs/wq/stormwater/manual.html
http://www.ecy.wa.gov/programs/wq/grndwtr/uic/index.html
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For additional guidance and design criteria for protection of groundwater, see “Guidance for 
UIC Wells that Manage Stormwater Activities” published by Ecology: 
 www.ecy.wa.gov/programs/wq/grndwtr/uic/index.html 

Vadose zones, the area between the bottom of a facility and the top of the groundwater table, 
vary widely in their ability to remove stormwater pollutants based on their thickness and soil 
texture. This section provides instructions on how to identify the conditions under which the 
vadose zone may be presumed to provide sufficient treatment for a given pollutant loading 
surface. This section also identifies the types of pretreatment that are required to meet 
Minimum Requirement 5 when the vadose zone alone cannot be presumed to adequately 
treat runoff. Following the requirements of this section will ensure a facility meets the non-
endangerment standards in the UIC Rule and Minimum Requirement 5, Runoff Treatment, in 
Section 3-3.5 under the presumptive approach. The demonstrative approach in Section 1-2.2 
may be used if WSDOT can document that alternative methods will protect water quality. Data 
requirements for using the demonstrative approach in association with underground injection 
facilities are also described in Ecology’s “Guidance for UIC Wells that Manage Stormwater 
Activities” (see website above). 

All new underground injection facilities must meet the requirements of this section under the 
presumptive approach. If an existing facility is within the limits of an improvement project, 
and the project triggers Minimum Requirement 5 or 6, you must bring it into compliance with 
the requirements or replace it with a different BMP type if feasible. In the Hydraulic Report, 
document the reason(s) that bringing the facility into compliance is not feasible. No flows from 
new PGIS shall be allowed to enter existing underground injection facilities that do not meet 
the requirements of this section. 

Registering Underground Injection (UIC) Facilities 

The UIC Rule requires WSDOT to assess and register all underground injection facilities. Region 
Hydraulics offices are primarily responsible for the registration and assessment of existing 
facilities. Contact the appropriate office whenever existing facilities are encountered in the 
field to determine whether they have already been registered and assessed. If any UIC facilities 
(such as drywells and infiltration trenches with perforated underdrain pipes) within the limits 
of a project have not been registered, the Project Engineer’s Office, in coordination with the 
Region Hydraulics Office, shall complete the registration and assessment forms.  

Coordinate with the Region Hydraulics Office for technical support when collecting data to 
register proposed underground injection control facilities and to establish pretreatment 
requirements. You must collect the following information: physical location, pollutant-
generating properties of the drainage area, and the depth and texture of vadose zone soils. 

  

http://www.ecy.wa.gov/programs/wq/grndwtr/uic/index.html
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Collect physical location information, including latitude, longitude, and state route, in 
accordance with the Roadside Features Inventory Program’s Field Procedures Manual 
( http://wwwi.wsdot.wa.gov/gis/roadwaydata/pdf/rfip_field_procedures_manual.pdf). 
This manual contains specific instructions regarding drywells and vaults, but not infiltration 
trenches; however, infiltration trenches must be inventoried in the same manner described for 
drywells using the manhole lid or other identifiable surface feature as the point from which to 
identify its location. Observe the surrounding landscape characteristics like topography and 
presence of nearby water bodies when performing field work. Such observations can help 
confirm the accuracy of geotechnical data about the depth of the vadose zone. 

Download the Underground Injection Control Registration Spreadsheet at the HQ 
Environmental Services Office (ESO), Stormwater and Watersheds Program’s website: 
 www.wsdot.wa.gov/environment/waterquality/#facilities. Provide information for each 
well as shown on the Example row of the Excel file. If you need assistance completing the 
spreadsheet, contact the Region Hydraulics Office. Email the completed table to the Region 
Hydraulics Office and the HQ ESO Stormwater and Watersheds Program. Submitted 
spreadsheet information will be forwarded to Ecology; project offices do not need to directly 
register the UIC facilities. Include the UIC registration information in the design justification 
section of the Hydraulic Report. Contact the Water Quality Team Leader (360-570-6648) at 
the HQ ESO Stormwater and Watersheds Program for questions about UIC registration.  

Establishing Treatment Capacity Class  

Characterize vadose zone properties to establish the treatment capacity class of the vadose 
zone using Table 4-3. Existing WSDOT data may provide sufficient information about the depth 
to groundwater and the vadose zone soil texture. UIC wells shall not directly discharge into 
groundwater. The minimum vertical separation is 5 feet between the bottom of the UIC well 
and the seasonal high water table. If the minimum separation cannot be met, you may use the 
demonstrative approach for rule authorization. (See the “Guidance for UIC Wells That Manage 
Stormwater” document from Ecology for additional information on minimum separation and 
the demonstrative approach.) Contact the Regional Materials Engineer (RME) for assistance 
locating and evaluating WSDOT’s geotechnical data in the vicinity of the proposed facility. If 
WSDOT does not have data regarding depth to groundwater and vadose zone soil texture, 
consider the following sources: 

 Washington State Department of Ecology drinking well log database containing water 
table levels:  apps.ecy.wa.gov/welllog/index.asp    

 Washington State Department of Health Source Water Assessment Program: 
 http://www.doh.wa.gov/ehp/dw/sw/assessment.htm  

 USGS groundwater reports:  wa.water.usgs.gov/pubs/    

 Local health departments 

 Local municipalities 

http://wwwi.wsdot.wa.gov/gis/roadwaydata/pdf/rfip_field_procedures_manual.pdf
http://www.wsdot.wa.gov/environment/waterquality/#facilities
mailto:SimonC@wsdot.wa.gov?subject=UIC%20registration
http://www.ecy.wa.gov/programs/wq/grndwtr/uic/index.html
http://www.ecy.wa.gov/programs/wq/grndwtr/uic/index.html
http://apps.ecy.wa.gov/welllog/index.asp
http://www.doh.wa.gov/ehp/dw/sw/assessment.htm
http://wa.water.usgs.gov/pubs
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The RME may consider the available data to be adequate for establishing vadose zone 
treatment capacity class. If not, vadose zone soils will have to be tested. (See Step 4 in 
Appendix 4-D, Section 4-D-3.1 for geotechnical testing requirements.) 

Use Table 4-3 to determine the level of treatment that will be provided by the underground 
injection facility given the thickness and texture of vadose zone materials. 

Table 4-3 Treatment capacity class based on vadose zone properties. 

Treatment Capacity Class and  
Minimum Thickness* Description of Vadose Zone Layer 

HIGH 
Minimum thickness of 5 feet  

 Average grain size <0.125mm  
 Sand to silt/clay ratio of 1:1 and sand plus gravel < than 50% 
 Lean, fat, or elastic clay 
 Sandy or silty clay 
 Silt 
 Clayey or sandy silt  
 Sandy loam or loamy sand 
 Silt/clay with interbedded sand 
 Well-compacted, poorly sorted materials 
 Includes till, hardpan, caliche, and loess 

MEDIUM 
Minimum thickness of 10 feet 

 Average grain size 0.125mm to 4mm  
 Sand to silt/clay ratio from 1:1 to 9:1 and percent sand > 

percent gravel 
 Fine, medium, or coarse sand 
 Sand with interbedded clay and/or silt 
 Poorly compacted, poorly sorted materials 
 Includes some alluvium and outwash deposits 

LOW 
Minimum thickness of 25 feet 

 Average grain size 4mm to 64mm 
 Sand to silt/clay ratio > 9:1 and percent sand < percent gravel 
 Sandy gravel, gravelly sand, or sand and gravel 
 Poorly-sorted, silty, or muddy gravel 
 Includes some alluvium and outwash deposits 

NONE  
Minimum thickness not applicable 

 Average grain size > 64mm 
 Total fines (sand and mud) < 5% 
 Well-sorted or clean gravel 
 Boulders and/or cobbles 
 Fractured rock 
 Includes fractured basalt, other fractured bedrock, and 

cavernous limestone 

*Assume NONE for treatment class if minimum thickness is not met. 
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Determine Pollutant Loading Class  

Runoff is categorized into pollutant loading classes based on ADT. Criteria for establishing 
pollutant loading classes are included in Table 4-4. ADT data are available in WSDOT’s 
Annual Traffic Reports:  www.wsdot.wa.gov/mapsdata/travel/annualtrafficreport.htm. 
The GIS Workbench also contains a data layer showing where the different ADT thresholds 
are met. Contact the Transportation Data & GIS Office (TDGO) for intersection ADT data 
( www.wsdot.wa.gov/mapsdata/tdgo_home.htm ). Parking area use levels and their 
relationship to building size are not tracked by WSDOT. Contact maintenance staff for 
an estimate of parking area use levels at maintenance and park and ride facilities. 

Table 4-4 Stormwater pollutant loading classifications for UIC facilities receiving stormwater 
runoff. 

Pollutant Loading  
Classification 

Proposed Land Use or Site Characteristics* 

INSIGNIFICANT 
 Impervious surfaces not subject to motorized vehicle traffic, deicing sand, or deicing 

compounds 
 Unmaintained open space 

LOW 

 Parking areas with < 40 trip ends* per 1,000 s.f. of gross building area or < 100 trip ends 
 Highways Inside Urban Growth Management Areas (UGMA) 
⁪ - Fully or partially controlled limited access highways with < 15,000 ADT* 
⁪ - Other highways with < 7,500 ADT 
 Highways Outside UGMA 

⁪ All highways with < 15,000 ADT 

MEDIUM 

 Parking areas with 40–100 trip ends per 1,000 s.f. of gross building area or 100–300 total 
trip ends 

 Intersections controlled by traffic signals where the main highway is not > 25,000 ADT and 
there is not > 15,000 ADT on the intersecting highway 

 Transit center bus stops 
 Highways Inside UGMA 
⁪ - Fully or partially controlled limited access highways between 15,000 and 30,000 ADT 
⁪ - Other highways with 7,500–30,000 ADT 
 Highways Outside of UGMA 
⁪ - All highways between 15,000 and 30,000 ADT 

HIGH 

 Eastern Washington highways with > 30,000 ADT 
 Intersections controlled by traffic signals where the main highway has > 25,000 ADT and 

the intersecting highway has > 15,000 ADT 
 Parking areas with > 100 trip ends per 1,000 s.f. of gross building area or > 300 total trip 

ends 
 Highway rest areas 

*Average daily traffic (ADT) count and trip ends must be calculated for an assumed 20-year project design life. Contact the 
Transportation Data & GIS Office, Travel Data and Analysis Branch, for assistance: 
 www.wsdot.wa.gov/mapsdata/tdgo_home.htm 

  

http://www.wsdot.wa.gov/mapsdata/travel/annualtrafficreport.htm
http://www.wsdot.wa.gov/mapsdata/tdgo_home.htm
http://www.wsdot.wa.gov/mapsdata/tdgo_home.htm
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Determine Treatment Requirements  

Use Table 4-5 to determine the required level of treatment based on the treatment capacity 
and pollutant loading classes associated with each facility. All new facilities must provide the 
appropriate level of treatment as defined in Table 4-5.  

Table 4-5 Matrix for determining pretreatment requirements. 

                Treatment 
              Capacity 

 
Pollutant                
Loading                 

HIGH MEDIUM LOW NONE 

INSIGNIFICANT None None None None 

LOW None None None Basic treatment[2] 
MEDIUM Two-stage drywell[1] Two-stage drywell[1] Basic treatment Basic treatment 

HIGH Oil control[3] Oil control[3] Basic treatment 
and oil control[3] 

Basic treatment 
and oil control[3] 

[1] A two-stage drywell includes a catch basin or spill control structure that traps small quantities of oils and 
solids; the spill control device may be a turned-down pipe elbow or other passive device. This pretreatment 
requirement applies to all UIC facilities, not just drywells. Catch basins or other presettling spill control devices 
must be inspected and cleaned regularly. 

[2] For low-pollutant loading sites, implementation of appropriate source control BMPs may be employed in lieu 
of structural treatment BMPs. 

[3] At high-density intersections and at commercial or industrial sites subject to an expected average daily traffic 
count (ADT) of 100 vehicles/1,000 ft² gross building area, sufficient quantities of oil will be generated to justify 
operation of a separator BMP. 

At other high-use sites, designers may select a basic runoff treatment BMP that also provides adsorptive capacity, 
such as a biofiltration swale, bioinfiltration pond, a filter strip, or a compost-amended vegetated filter strip 
(CAVFS), or other adsorptive technology, in lieu of a separator BMP.  

The requirement to remove oil for all highways with ADT > 30,000 applies only in eastern Washington. For those 
highways in eastern Washington, an oil control facility is not required; instead a basic treatment facility with 
adsorptive characteristics (listed above) is required.  

This requirement to apply a basic treatment facility with adsorptive characteristics also applies to commercial 
parking and to highways with ADT > 7,500; alternatively, a simple passive oil control device such as a turned-down 
elbow may be used.  

To preserve infiltration rates and provide some solid removal and spill protection, all UIC 
facilities should be preceded by a catch basin with a turned-down elbow or tee and/or a pre- 
settling basin. Presettling basins should be as large as site constraints allow. They do not have 
to meet the requirements of BMP RT.24, but should provide 4–6 inches of storage prior to 
overflow into the UIC facility.  

Existing underground injection facilities that meet the treatment requirements in Table 4-5 
are presumed to provide adequate groundwater protection. Existing wells that do not meet 
the treatment requirements in Table 4-5 are considered deficient. The treatment requirements 
in Table 4-5 identify the retrofit requirements for deficient facilities. 
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Application and Limitations 

For UIC facilities, evaluate the infiltration capacity to determine whether the facility will be 
able to accommodate the necessary volume of water. Infiltration rates lessen over time due 
to clogging, so the long-term infiltration rate under the worst-case scenario should be 
accommodated by the design. The amount of time it takes for water to drain out of a UIC 
facility depends on how fast the soil allows water to infiltrate and how much water the UIC 
facility holds. For eastern Washington, design facilities to completely drain ponded runoff from 
the flow control design storm within 48 to 72 hours after flow to the UIC facility has stopped.  

Siting Criteria and Treatment Requirements  

Prior to evaluating runoff treatment considerations, be certain that the site meets the criteria 
for infiltration found in Chapters 4 and 5 and the requirements of this section. Refer to 
Appendix 4D, Section 4D-4, for subsurface geological data requirements. For treatment capacity 
and pollutant loading definitions, see Tables 4-4 and 4-5. All project proponents should read 
Section 4-5.1 for exceptions or other requirements that apply in certain situations. Appropriate 
pretreatment and presettling requirements must be determined using the information 
provided in Section 5-3, BMP Selection Process. 

4-6 Wetland Hydroperiods 
An important consideration in the stewardship of certain wetland functions is the protection 
and control of a wetland’s hydroperiod. The hydroperiod is the pattern of fluctuation of water 
depth and the frequency and duration of water levels on the site. This includes the duration 
and timing of drying in the summer. A hydrologic assessment is useful to measure or estimate 
elements of the hydroperiod under existing preproject and anticipated postproject conditions. 
This assessment involves reviewing and applying the best available science to assess potential 
impacts and deciding whether hydrological modeling is warranted. 

Wetland hydroperiod analysis is of concern when proposing to discharge stormwater into or 
detract stormwater from a natural wetland (not constructed). The purpose of the analysis is 
to determine whether the stormwater will change the natural hydroperiod beyond the limits 
allowed. When this is an issue on a project, see Ecology’s SWMMEW, Appendix I-D Guidelines 
for Wetlands when Managing Stormwater. Refer to Minimum Requirement 7 (see Section 
3 3.7.3) for the process, if applicable. 

  

https://fortress.wa.gov/ecy/publications/summarypages/0410076.html
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4-7 Closed Depression Analysis 
Analysis of closed depressions requires that you carefully assess the existing hydrologic 
performance in order to evaluate a proposed project’s potential impacts. Thoroughly review 
the applicable flow control requirements (see Minimum Requirement 6, Section 3-3.6) and the 
local government's Sensitive Areas Ordinance and Rules (if applicable) prior to proceeding with 
the analysis. Use a calibrated continuous simulation hydrologic model for closed depression 
analysis and design of mitigation facilities. Where an adequately calibrated continuous 
simulation model is not available, follow the procedures listed below. 

4-7.1 Analysis and Design Criteria 
Determine the infiltration rates used in the analysis of closed depressions according to the 
procedures in Section 4-5. For closed depressions containing standing water, perform soil 
texture tests on dry land adjacent to, and on opposite sides of, the standing water (as 
practicable). Ensure the elevation of the testing surface at the bottom of the test pit is  
1 foot above the standing water elevation. Perform a minimum of four tests to estimate 
an average surface infiltration rate. 

Projects proposing to modify or compensate for replacement storage in a closed depression 
must meet the design criteria for detention ponds as described in Chapter 5. 

4-7.2 Western Washington Method of Analysis 
Analyze closed depressions using hydrographs routed as described in Section 4-5. Address 
infiltration where appropriate. In assessing the impacts of a proposed project on the 
performance of a closed depression, there are three cases that dictate different approaches 
to meeting Minimum Requirement 6 (see Section 3-3.6) and applicable local requirements. 
Note: Where there is a flooding potential, concern about rising groundwater levels, or local 
sensitive area ordinances and rules, this analysis may not be sufficient and local governments 
may require more stringent analysis. 

Case 1 

The 100-year recurrence interval storm runoff from an approved continuous simulation 
program, flowing from the TDA to the closed depression, is routed into the closed depression 
using only infiltration as outflow. If predevelopment runoff does not overflow the closed 
depression, then no runoff may leave the closed depression at the 100-year recurrence 
interval following development of a proposed project. This may be accomplished by 
excavating additional storage volume in the closed depression, subject to all applicable 
requirements (for example, providing a defined overflow system). 
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Case 2 

The 100-year recurrence interval storm runoff from an approved continuous simulation 
program, from the TDA to the closed depression, is routed into the closed depression using 
only infiltration as outflow. If runoff overflows the closed depression under existing conditions 
during the 100-year recurrence interval storm, the performance objective can be met by 
excavating additional storage volume in the closed depression, subject to all applicable 
requirements (for example, providing a defined overflow system). 

Case 3 

The 100-year recurrence interval storm runoff from an approved continuous simulation 
program, from the TDA to the closed depression, is routed into the closed depression using 
only infiltration as outflow, and both cause overflow to occur. The closed depression must then 
be analyzed as a detention/infiltration pond. The required performance, therefore, is to meet 
the runoff duration standard specified in Minimum Requirement 6 (see Section 3-3.6), using 
an adequately calibrated continuous simulation model. This will require a control structure, 
emergency overflow spillway, access road, and other design criteria. Also, depending on who 
will maintain the system, it will require placing the closed depression in a tract dedicated to 
the responsible party. 

4-7.3 Eastern Washington Methods of Analysis 

The Stormwater Management Manual for Eastern Washington (SWMMEW) states that local 
jurisdiction guidelines should be followed. The Spokane County Guidelines are included below. 
Other eastern Washington regions are encouraged to provide comment on their local guidelines 
and compare them to those stated below. 

Depending upon soil characteristics, a closed depression may or may not accumulate surface 
water during periods of the year. Some closed depressions may be classified as wetlands. The 
design team must coordinate its stormwater design with consideration of any wetland area, 
as defined by applicable regulations that may govern wetland areas. If the proper authorities 
agree that none of these closed areas is a wetland, and the design team desires to fill these 
natural depressions, the designer evaluating the site and formulating a stormwater disposal 
concept will consider these natural depressions and replace any disturbed depressions. 
Normally, the natural storage volume lost due to the proposed earthwork must be replaced 
using a 1:1 ratio as a minimum. A higher ratio may be required if the new area infiltrates 
water at a lower rate than occurred in the natural depression. The road and drainage plans 
must include: (1) a grading plan of the closed depression area to be filled in, (2) both existing 
and finished grade contours, and (3) compaction and fill material requirements. 

1. For natural depressions that are capable of complete water disposal within 72 hours by 
infiltrating the runoff generated from a 100-year, 24-hour storm event, a properly designed 
grassed percolation area, or combination grassed percolation area/drywell that is equal 
or greater in volume and that will also completely infiltrate the runoff from a 100-year, 
24-hour storm event within a 72-hour time period, could be an acceptable substitution. 

https://fortress.wa.gov/ecy/publications/summarypages/0410076.html


Hydrologic Analysis  Chapter 4 

Page 4-48  WSDOT Highway Runoff Manual M 31-16.04 
  April 2014 

2. For natural depressions that do not drain within 72 hours, it is acceptable to consolidate all 
the volumes of the depressions from the subject site that are proposed for filling into one 
or more infiltration/evaporative ponds that will emulate the natural condition. If the site 
has a disposal area that will allow increased percolation from the natural condition, a 
Design Deviation may be granted for increased infiltration if it can be demonstrated that 
the groundwater levels in the area will not be adversely affected and runoff treatment 
problems will not increase. 

3. For sites with natural depressions, clearly identify the location of all depressions that could 
contain more than 50 cubic feet of stormwater. For these types of depressions, survey 
each depression and show the maximum volume that each could hold, as well as show 
the maximum storage capacity water elevation contour line on the predeveloped condition 
basin map. Ensure the basin map shows adequate survey data points to demonstrate 
that accurate volume calculations can be made from them. If the site contains many 
small depressions that will hold water, but are smaller than 50 cubic feet in size, adjust 
the runoff factors to allow for this retention of stormwater or make other adjustments 
to the runoff model that are approved in writing by region or HQ hydraulics staff. If the 
site had depression storage in its historic natural state, and grading and filling have been 
done to these natural features, you must reasonably estimate the depression storage 
that was on the site and comply with the provisions of this section. 

If the total storage capacity of a closed depression exceeds the maximum volume used (as 
computed using the water budget method), clearly identify both volumes in the Hydraulic 
Report, and show both of these water surface elevation contour lines in the basin map. 

If a closed depression is to remain or be replaced, ensure the lowest floor elevation or 
road grade of any building or road adjacent to it is at or above the maximum water 
elevation and outside the limits of the closed depression. Compute the maximum water 
elevation using the water budget method as per the standards for an evaporative systems 
design unless the pond can naturally drain within 72 hours following a 100-year, 24-hour 
storm event. If the depression can drain within the 72-hour time period, compute the 
maximum water elevation as the elevation containing the runoff from a 100-year, 24-hour 
storm event. If the limits of the high water in the infiltration facility are considered in the 
design, provide a geotechnical report that shows site-specific infiltration testing results and 
verifies that each depression being used will drain within the 72-hour period unless waived 
by region or HQ hydraulics staff based on knowledge of approved soils under the site. Ensure 
the closed depression is placed in a drainage easement or separate tract if the development 
is noncommercial. The easement must be granted to WSDOT and any other entity responsible 
for maintaining the closed depression. 
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