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APPENDIX "M" 
SWMPs&BMPs 

A. GENERAL DISCUSSION General legal issues relating to stonn water quality were 
presented in Section ill. In Section IX, an expanded treatment was given,to Stonnwater 
Quality, including discussion of EPA and CDH regulations, NPDES/CDPS Pennitting, Best 
Management Practices (BMPs) and general concepts relating to construction activity, and 
Stonnwater Management Plans (SWMPs). In this Appendix, focus is on application of all 
these principles as they relate to Construction Activity Permits. 

B. STORMWA TER MANAGEMENT PLAN (SWMP) Guidance is provided in Section IX 
regarding site and construction factors to consider in preparing a SWMP, and also a planning 
and design approach. The Colorado Department of Health (CDH) has prepared a guideline 
for preparing SWMPs that must be submitted to them for review. A slightly modified version 
of that document is provided herein as Exhibit "M-1" on page M-8 for reference. 

C. NPDES/CDPS CONSTRUCTION ACTIVITY PERMIT The CDH pennit application for 
construction activity may change from time to time, and prior to preparation of an application, 
CDH should be contacted to detennine the latest version for use. However, the version 
current as ofMay 1994, prepared 11/93, is provided herein as Exhibit "M-2" on page M-23 
as infonnation that may be ofbenefit. 

D. BEST MANAGEMENT PRACTICES (BMPs) The SWMP, which is required by the 
pennitting process, requires use of BMPs for water quality control. The bal~ce of this 
appendix deals with BMPs. 

Best Management Practices (BMPs) are defined as nonstructural and structural practices 
which, when properly implemented, operated, and maintained, provide the most efficient and 
practical means of reducing or preventing pollution ofstonnwater. 

E. BMP SELECTION FACTORS Selection of the most appropriate combination ofBMPs 
for a specific project should be based upon a careful review of the characteristics of the site 
that affect its potential for erosion and controllable erosion factors. The~ controllable factors 
are: 

• Good Planning and design 

• Construction scheduling 

• Limiting, exposed areas 

• Runoff velocity reduction 

• Sediment trapping 
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• Good operational procedures 

For each of the six controllable factors there are many tactics available for effectively reducing 
the volume and yelocity of stonnwater runoff, the amount of the site exposed to runoff, and 
the potential for non-sediment pollution. BMPs are organized on the matrix shown in Table 
"M-I" on page M-7 according to these six controllable factors. Each BMP is also 
cross-referenced to the type(s) of controls which the individual BMPs provide. Many of the 
BMPs achieve control in more than one categoty which should be taken into account when 
selecting BMPs for maximum effectiveness. The type of controls are: 

• Perimeter controi!diversion 

• Slope protection 

• Sediment trapping 

• Drainageway and· stream protection 

• Temporaty stabilization 

• Pennanent stabilization 

• Non-sediment pollution control 

SELECTION PROCESS The site designer should select the control tactics which are best 
suited to the site, then select from suggested BMPs based upon consideration of cost, material 
availability, topography, location, and duration of exposure. In selecting BMPs suitable for 
a site and developing a SWMP, a five-step selection process may be used. A discussion of this 
step-by-step approach follows. · 

Step 1: Consiruction Scheduling The first step in selecting BMPs is to compare the 
project schedule with on-site management measures that can limit the exposure of the 
project site to erosion and sedimentation. The management measures to be examined 
all have a similar goal, which is to minimize the amount of site subject to erosion. 
Consider the following strategies: 

• Sequence construction activities so that denuded areas are not exposed for 
long periods of time. 

• Schedule landscaping and other work that permanently stabilizes the area to 
be done immediately after the land has been graded to its final contour. 

• Alter the project schedule to minimize the amount of denuded areas during the 
wet summer months of July, August, and September and the winter months 
ofNovember, December, and January. 
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• Construct pennanent stonnwater control facilities early in the project schedule 
and then utilize these structures for controlling erosion and sedimentation. For 
example, stormwater detention basins could be built early in a large project 
and used as sedimentation basins during the rest of the construction period. 

Step 2: Limiting Exposed Area The second step is to examine the site plan to 
determine appropriate methods for reducing the volume of stormwater which will run 
across the denuded areas of the project site. Limiting the exposure of graded areas to 
off-site runoff may involve vegetative and structural controls as well as on-site 
management options. To effectively detennine appropriate volume control measures, 
the designer should review a map of the project site with sufficient topographic detail 
so that existing and proposed drainage patterns can be identified and existing and 
proposed permanent stormwater control structures located. On this map, identifY the 
following: 

• Locations wijere stormwater enters and exits the site. Include both sheet and 
channel flow for the existing and final grading contours. 

• 

• 

Locate permanent stonnwater collection, drainage and control structures . 

IdentifY locations subject to high rates of erosion, areas of steep slopes, and 
unlined channels. Long slopes over 1 00' in length are considered as areas of 
moderate to high erosion potential. 

• Categorize slopes as.: 

Low Erosion Potential 
Moderate Erosion Potential 
High Erosion Potential 

0-5% 
5-10% 
>10% 

• IdentifY those areas where existing vegetation will not be disturbed by 
construction activity, and establish clearing limits. 

• IdentifY the boundaries between drainage basins if your site has more than 1 
drainage outlet, and then calculate the approximate area of each drainage 
basins. · 

Methods for reducing the volume of runoff affecting your construction site: 

a. Runoff Volume Reduction: 

1) Divert upslope water from entering the unvegetated areas of the 
construction site by constructing dikes and swales. 

·M-3 



M-4 

2) Divert or intercept stonnwater before it reaches long and/or steep 
slopes. Use temporary dikes, swales, or pipe slope drains. 

3) Release captured stonnwater at a slow and controlled rate to prevent 
damage to downstream drainageways and structures. 

b. Vegetative Controls: 

1) Increase the soil's ability to absorb moisture through vegetative means, 
surface roughening, and mulching. 

2) Stage gra~ing so the native vegetation provides a buffer to slow and 
disperse runoff. 

Step 3: Runoff Velocity Reduction The third step involves selecting BMPs to 
reduce the velocity of runoff across denuded areas, steep slopes, and drainage 
channels. Structural practices to be considered are listed under the "Runoff Velocity 
Reduction" portion ofTable "M-1" on page M-7. Appropriate applications of these 
BMPs should include: 

• 

• 

Limit length of slopes to 50 feet Construct mid-slope diversion (swales) on 
longer slopes to intercept runoff. 

Build check dams or other energy dissipation structures in unlined drainage 
channels to slow runoffvelocity and encourage settlement of sediments. 

• Roughen slopes to increase the absorption of rainfall and slow runoff. 

• Limit slopes to 3H: IV, where practical. 

• Provide for spreading of concentrated stonnwater flows into overland sheet 
flow. 

• · Intercept runoff before it reaches steep slopes using diversion dikes, swales, 
or other baniers. 

• Protect slopes with mulches, matting, or other types of temporary or 
permanent soil stabilization. 

• Provide velocity reducing structures or riprap linings at stonnwater outfalls. 

Step 4: Sediment Trapping Once measures have been taken to limit exposure, 
runoffvolume, and velocity, the last step in controlling erosion and sedimentation is I'll 
to separate as much sediment from the stormwater as possible before the water leaves ~ 
the project site. The appropriate controls for doing this all work on the same principle 't 
of slowing runoff velocity with temporary barriers or basins which pond the 
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stonnwater to allow sediments to settle out. Appropriate strategies for implementing 
sediment trapping controls include: 

• Direct sediment-laden stonnwater to temporary sediment traps. 

• Direct off-site stormwater away from denuded areas and away from 
temporary sediment traps. 

• Construct temporary sediment traps or basins at the drainage outlet for the 
'site. When more than one basin is required due to the size of the site, 
construct these basins to operate in parallel. Do not allow the discharge from 
one basin to enter the inlet of another basin. 

• When permanent stormwater detention basins are to be constructed, convert 
these basins to temporary use as a sediment trap or basin. 

• Construction sites with relatively flat slopes that produce sheet flow runoff are 
appropriate for temporary sediment barriers such aS, silt fences, straw bale 
barriers, sand bag barriers, and· gravel filter' berms. 

• Protect municipal storm drainage structures from sediment clogging by 
providing inlet protection for area drains and curb inlets. 

Step 5: Operational Procedures The fifth step in selecting practices to control 
stonnwater pollution deals with preventing contamination of stormwater by materials 
other than sediment. Table "M-1" on page M-7 provides several methods for 
preventing non-sediment stormwater pollution by construction materials, equipment, 
and wastes. Not all of these practices will apply to every construction site. The 
suitability of a BMP depends upon how the operator conducts his or her. activities. 
For example, the BMP on Equipment Maintenance Procedures may or may not apply 
to a given project if maintenance work is done off-site. The SWMP designer should 
consider all of the suggested Good Operation Practices and select those which are 
appropriate for the project. For a particular project, the contractor may develop other 
BMPs which would better meet the specific site needs. 

After the SWMP designer has reviewed the five controllable factors and selected 
appropriate BMPs, the final stage of the process is to review the site map. All BMPs 
should be located with all major structural and non-structural controls, and areas of 
perinanent or temporary stabilization shown. 

The BMP exhibits in this manual provide design, construction, inspection, and 
maintenance standards for temporary controls. In using these BMPs, the designer 
should be· aware that these standards are temporary measures and are not for 
permanent drainage improvements. Other BMPs may be utilized which are pennanent. 
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Flow·diversions should not adversely impact off-site properties The historic flow ~
patterns should be maintained. ~ 

G. B:MP EXHIBITS Many BMP exhibits are provided in Maricopa County, Vol Ill, and UD 
& FCD, Vol Ill, both of which are excellent sources of information on erosion control and 
BMPs. For convenience, a sample ofBMPs from those sources are modified or reproduced 
and presented herein consisting of Exhibits M-3 through M-30 beginning ,on page M-32. 
However, the BMPs presented herein are by no means all-inclusive. 
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This table is modified from Maricopa County, Vol. Ill 
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~--------------------------------~~ 
This Exhibit is a reproduction of a CDH WQCD document of same title prepared 
3/94, except that a few portions that are redundant of other material presented in 
this manual have been omitted, and any references thereto revised. 

A. INTRODUCfiON 

Stormwater Management Plans (SWMPs) are a required item mder the Construction 
Stormwater Discharge Pennit. This document is designed to help you develop a 
SWMP for your construction project It explains what each of the SWMP 
requirements means, and gives some options for you to consider in developing Best 
Management Practices (BMPs) that are best suited to your site during construction .. 

This guidance document primarily addresses the SWMP requirements in the 
construction general permit. Other requirements and limitations, such as chemical use, 
sampling, annual reporting, etc., are detailed in the pennit. Also note that the SWMP 
and the stormwater permit only cover discharges of stormwater. 

Construction dewatering is a separate issue, and must be covered by the Division's 
general pennit for construction dewatering (regardless of the size of the construction 
project). Pumpmg or draining groundwater that has infiltrated into an excavation 
requires a construction dewatering pennit Stormwater that mixes with groundwater in 
an excavation is subject to the controls in the construction dewatering peimit 

This guidance document assumes that the SWMP will be completed and implemented 
at the time the project breaks ground, and will be revised if necessary as construction 
proceeds. 

B. GENERAL GUIDANCE 

BM&: Best Management Practices (BMPs) can describe a wide range of management 
procedures, schedules of activities, prohibitions on practices, and other management 
practices. BMPs also include operating procedures, treatment requirements and 
practices to control site nmoff, drainage from materials storage, spills or leaks, etc. 

Nonstructural BMPs, such as preventive maintenance or preserving natural vegetation, 
are mainly definitions of operational or managerial techniques. In addition, there are a 
multitude of structural BMPs which should be considered, depending upon the 
construction activity. Structural BMPs include physical processes ranging from 

CONSTRUCTION GUIDANCE DOCUMENT: Exhibit M-la 
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diversion structures to silt fences to retention ponds. 

Most of the BMPs referenced here are widely used in the construction industry. They 
generally involve a simple and low cost approach, and can be very effective when 
properly installed and maintained. 

The stomiwater permit requires the use of self -designed SWMPs. These plans are 
based on the use ofBMPs. For construction sites, there are several types ofBMPs: 
those that prevent erosion, those which prevent pollutants from the COfi:Struction 
materials from mixing with stonnwater, and those which trap pollutants before they 
can be discharged. 

Sediment controls typically include: 
• minimizing the amount of disturbed soil 
• preventing runoff from off-site areas from flowing across disturbed areas 
• slowing down the runoff fl'owing across the site 
• removing sediment from on-site runoff before it leaves the site 

hnpleroentation: While erosion and sediment controls are not new ideas in 
construction, the timing of installation may now differ. The SWMP focus is primarily 
on controls used during earth disturbing activities. This means that hay bales, silt 
fences, etc. should be in place before grading begins, not after. 

Common Sense Approach: Your SWMP is intended to be a usable document, not a 
· paper exercise. Therefore, do not include measures which may sound good, but are 
unreasonable or not feasible for your site. Failure to implement your SWMP, even if 
the BMPs listed do not make sense, puts you in automatic Violation of your permit. 
For example, a blanket statement that runoff from all disturbed areas will be controlled 
by silt fences, even if the slope or channels are too steep/narrow for this particular 
BMP, would be unreasonable. 

On the other hand, if a particular BMP is listed in the SWMP, but then later turns out 
to be impractical or ineffective, the SWMP should be amended to reflect the 
changes/improvements made. 

SWMP Items. Format: When preparing your plan, make sure to address each item. 
If it is not applicable to your site, briefly explain why. A simple "Not Applicable" is 
not enough. 

In addition, your SWMP should follow the same format as the SWMP requirements 

CONSTRUCTION GUIDANCE DOCUMENT: Exhibit M-1 b 
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b) Describe the sequence of events involved in the construction project, such as grading, 

excavation, etc. 
c) This information, which is also required in the application, is useful in determining the 

extent of control measures needed. 
d) The runoff coefficient ("C" value) is the percentage of precipitation volwne ~ch will 

not be absorbed by the surface. Typical"C" values are shown in Appendix B of the 
SWMM manual. 

e) It is necessmy to include the percentage of existing vegetative ground cover in order to 
determine, after construction, when the site has been fmally stabilized. See Part I.B.4 
of the pennit for :final stabilization criteria. Final stabilization of the site is necessmy 
before coverage under the pennit can be terminated. 

f) Describe the actiVities which wiiJ take place at the site which may have an impact on 
stormwater. These may include such things as the following: equipment or vehicle 
washing; fertilizers, chemicals, or other materials storage; vehicle maintenance or 
fueling; waste incineration, treatment, storage or disposal; haul roads; off-site vehicle 
tracking; loading/unloading areas, etc. 

g) Will there be any discharge from the project site, during construction, which is not 
from stormwater? If so, describe the source and how it will be handled. 

h) This information is also required in the application. For example, "runoff from the 
east side of the site will go to a roadside ditch which discharges to Jimmy Smith 
Gulch; runoff from the west side of the site will go to an unnamed tributmy to 
Westerly Creek." 

J.B.2. Site Mao 

Each plan shall provide a generalized site map or maps which indicate: 
-construction site boundaries 
- all areas of soil OlSturbance 
-areas of cut and flU 
- areas used for storage of building materials, soils or wastes 
-location of any dedicated asphalt or conerete batch plants 
-location of major erosion control facilities or structures 
-springs, streams, wetlands and other surface waters 
-boundaries of 100-year flood plains, if determined 

A site map must be developed for each construction project The site map must show those 
items listed above. It does not need to be drawn tb scale, but it should be legible and easy 
to read. [An example of a site map is provided in Section IX of the SWMM manual.] 

CONSTRUCTION GUIDANCE DOCUMENT: Exhibit M-le 
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The constructioq plans may be used, if they are amended to include all required information. 
Local municipalities may also have maps suitable as bases to begin mapping procedures. If 
no other suitable base maps are available, one must be developed. Regardless of the source 
of the base map, the site map needs to be of suitable scale to show the construction portion 
of the site and the features within it. 

In addition to ihe items specifically mentioned above, it is useful to also indicate on the map 
the following: . 

• Drainage basins for each outfall: 
Field inspection can usually accomplish this task with acceptable accuracy. Look for 
high areas such as crests of hills, parking lots, roads, etc. which would form the 
division between drainages. Gullies and swales are indicators of stormwater flow 
directioa Obviously, if runoff is observed during a storm, most uncertainties can be 
eliminated The drainage areas shown should include the portions of the site where 
the activities described in I.B.l.f (above) occur, as well as those portions (such as 
upslope areas) contributing stormwater that mixes with runofffrom the construction 
area. 

• Surface water bodies (including dry water courses): 
Mark on the site map any surface water bodies, including lakes, streams, springs, 
wetlands, detention ponds, roadside or irrigation ditches, etc. These do not 
necessarily need to be within the construction portion of the site, but may be adjacent 
to it or impacted by stormwater runoff. Also include any existing storm sewers. 

• Existing and planned structural stormwater pollution control measures: 
Show on the map the location of any structural stormwater pollution control 
measures, such as detention ponds, diversion ditches, covered material storage areas, 
fuel fann secondary containment structures, etc. 

• Areas where industrial activities take place, as identified in Part I.B.l.a, above. 
• Paved and unpaved areas where the runoff coefficient may be different. 

In addition, other features could be included to make the SWMP a more comprehensive and 
usable plan. For example, a later section of the SWMP includes requirements for material 
handling and spill prevention procedures, which could include a site map showing where 
materials are stored. By including materials handling, loading and storage areas on the site 
map, all information would be in one place on a single base map. 

CONSTRUCTION GUIDANCE DOCUMENT: Exhi·bit M-lf 
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LB.3. BMPs (or Stormwater Pollution Prevention 

The plan shall include a narrative description of appropriate controls and 
measures that will be implemented before and during construction aaivities 
at the fadlity. 
The plan shall dearly describe the relationship between the phases of 
construction and the implementation and maintenance of controls and 
measures. For example, which controls will be implemented during each of 
the following stages of construction: clearing and grubbing necessary for 
perimeter controls, initiation of perimeter controls, remaining clearing and 
grubbing, road grading, storm drain installation, final grading, 
stabilization, and removal of control measures. 

The description of controls shall address thefiJllowing minimum 
components: 

a) Erosion and Sediment Controls 

1) Structural Practices. A description of structural site management 
practices which will minimize erosion and sediment transport. 
Such practices may include: straw bales; silt fences, earth dikes, 
drainage swales, sediment traps, subsurface drains, pipe slope 
drains, inlet protection, outlet protection, gabions, and temporary 
or permanent sediment basins. 

2) Non-Structural Practices. A descT.iption of interim and permanent 
stabilization practices, including site-specific scheduling of the 
implementation of the practices. Site plans should ensure that 
existing vegetation is preserved where possible and that disturbed 
areas are stabilized. Non-structural practices may indude: 
·temporary seeding, permanent seeding, mulching, geotextiles, sod 
stabilization, vegetative buffer strips, protection of trees, and 
preservation of mature vegetation. 

Best Mana-gement Practices (BMPs) 

This is the key part of the SWMP - a narrative description of the appropriate stormwater 
management practices for the permittee's site. 

CONSTRUCTION GUIDANCE DOCUMENT: 
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The first thing to do is assess the potential of various sources at the site to contribute pollutants to 
stormwater discharges associated with industrial activity. In addition to the actual construction and 
ground disturbance activities, evaluate the following types of activities for the reasonable potential 
for contributing pollutants to runoff: loading and unloading operations; outdoor storage activities; 
vehicle and equipment maintenance and fueling; significant dust or particulate generating processes; 
and on-site waste disposal practices. Some of the factors to consider include the quantity of 
chemicals used or discharged, site conditions (slope, soil permeability, etc.), and the likelihood of 
contact with stonnwater. 

--+ In each case where stormwater pollution potential exists, appropriate preventive 
measures (that ii, B.MPs) must be taken and documented. 

When selecting BMPs, the most important ones to evaluate first are those which limit the 
source of the pollutant. It is much more efficient, froni both a cost and environmental 
standpoint, to prevent the pollution ·in the flfSt place than to clean up contaminated 
stormwater. For example, mulching disturbed ground to reduce erosion, in most cases, is 
easier and more effective than trying to capture and treat the sediment-laden runoff before it 
reaches state waters. As another example, a BMP requiring that any vehicle maintenance 
that involves fluid exchange must take place under a roof, results in the removal of a 
pollutant source (i.e., oil/hydraulic fluids) from possible contact with stormwater. 

Once source reduction B.MPs have been evaluated, then more costly options, such as 
mitigation of impacts, or stormwater treatment through detention storage, should be 
considered if necessmy. The BMPs selected are up to the judgment of the individual 
permittee, based on the conditions at the site. However, it is important to keep in mind that 
a fully implemented SWMP will constitute compliance with Best Available Technology 
(BAT) and Best Conventional Technology (BCT), as mandated under the Federal Clean 
Water Act. Basically, this ~eans that, in order to·comply with your permit, the appropriate 
measures must be taken in keeping with the pollutant(s) involved and the risk potential at 
the facility. 

Based on an assessment of the potential of various sources at the site to contribute 
pollutants to stormwater, the plan should describe the control measures that are reasonable 
and appropriate. Estimated dates of compliance for the chosen BMPs to ~ implemented 
and maintained are also needed. Any existing con~ols should also be discus~. The plan 
.shall identify both structural and non-structural control measures that are necessmy to limit 
erosion. 
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A list of conunon BMPs, for construction and other industrial activities, is provided in 
Section G of Appendix "M", SWMM. 
LB.3.b) Materials Handling and Spill Prevention 

The SWMP shall identify any procedures or significant materials handled 
at the site that could contribute pollutants to runoff. These could include: 
exposed storage of building materials,fertilizers or chemicals,· waste 
piles,· and equipment maintenance or fueling procedures. Areas or 
procedures where potential spills can occur shall have spill prevention . 
and response procedures identified 

Measures to control stormwater pollution from dedicated concrete batch 
plants or dedicated asphalt batch plants covered by this certification, must 
be identified in the SWMP. 

This area will involve all industrial activities at the site (except Construction practices 
covered under the erosion and sediment controls) which have the potential to contaminate 
stormwater. This includes routine maintenance activities involving fertilizers, pesticides, 
detergents, fuels, solvents, oils, etc. It is a good idea to discuss each activity separately. 
Judge the potential for the material to·be found in stonnwater using, at a minimwn, the 
following criteria: 

• the intensity of the activity (i.e., does it occur every day, or just once a month, etC.) 
(;an it be scheduled to occur only during diy weather? 

• the size of the area over which the activity takes place, the surface type (pavement, 
gravel, vegetation, etc.), and other physical characteristics such as slope 

• ability of product storage and loading/unloading facilities (fuel tanks, drum storage, 
etc.) to contain spills and leaks 

• the concentration and toxicity of materials which can be expected to be found in the 
site's stormwater runoff 

• the contamination of storage facilities with the substances being stored (e.g, used oil 
dnuns or tanks coated with spilled oil) 

(Obviously, if no chemicals, fuels or other materials are stored or handled on site, the part 
of the SWMP dealing with potential spills is not necessary. The SWMP should then 
include a statement to this effect.) · 

Where materials can impact stormwater runoff, existing and planned practices that reduce 
the potential for contamination shall be described. For example, materials should be stored 
and handled in covered areas to prevent contact with stormwater, and chemicals should be 

CONSTRUCTION GUIDANCE DOCUMENT: Exhibit M-li 
PREPARING A STORMWATER MANAGEMENT PLAN 

M-16 DEC 1994 



.J 
stored within benns or secondary containment devices to prevent leaks and spills from 
entering stormwater runoff. 

In general, spill prevention and response procedures should include the following: 

• notification procedures to be used in the event of an accident. At the very least, the 
SWMP Administrator should be notified. Depending on the nature of the spill and the 
material involved, the Colorado Dept. of Health, downstream water users, or other 
agencies may also need to be notified. 

• instructions for clean-up procedures 
• provisions for absorbents to be made available for use in fuel areas, and for containers 

to be available for used absorbents. 
• prohibition on the washing of concrete trucks and other equipment into the storm 

drainage system 

LB4. Final Stabilization and Longterm Stormwater Manaeement 

A description of the measures used to achieve final stabili1.0tion and 
measures to control pollutants in stormwater discharges that will occur after 
construction operations have been completed 

Final stabili1.0tion is reached when all soil disturbing activities at the site 
have been completed, and uniform vegetative cover has been established 
with a density of at least 70 percent of pre-disturbance levels or equivalent 
permanent, physical erosion reduction methods has been employed The 
Division may, after consultation with the permittee and upon good cause, 
amend the final stabili1.0tion criteria for specific operations. 

Typically, the stormwater discharge associated with construction activity is eiUitinated when 
the site is finally stabilized. As soon as practicable after construction activities have been 
completed in a disturbed area, permanent stabilization should be started to prevent further 
erosion of soil from that area. All disturbed areas (except those portions covered by 
pavement or a structure) should be finally stabilized once all construction activities are 
completed. 

Stormwater management controls to prevent or oontrol pollution ofstormwater after 
construction is completed should be addressed here .. They typically include retention or 
detention ponds, infiltration measures, vegetative swales, and natural depressions. 
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New developments, buildings, etc., will incorporate elements of stormwater quality control 
into their design. The SWMP must be prepared consistent with these structural and 
nonstructural controls. Many of the temporary controls used for sediment control can be 
modified into permanent structural controls. Where possible, permanent stormwater quality 
controls can be constructed at the initial stages of construction, or modified at the end of 
construction. This can increase the efficiency of the controls by using them during both the 
building and operational phases of the project. 

LB.S. Other Controls 

A description of other measures to control pollutants in stormwater 
discharges, including plans for waste disposal and limiting off site soil 
tracking. 

See the discussion in Appendix C, Exhibit M-In. 

LB.6. Inspection and Maintenance 

A description of procedures to inspect and maintain in good and effective 
operating condition the vegetation, erosion and sediment control measures 
and other protective measures identified in the SWMP. 

The permit requires that a thorough inspection of the stonnwater management system be 
perf01med at least every 14 days, and after any precipitation or snowmelt event that causes 
surface erosion. Part I.C.6 of the permit outlines the inspection requirements. 

Additionaliy, this part of the SWMP should also include maintenance of the BMPs which 
are discussed in Part 4 .f. Set up a schedule appropriate to the activity and the BMP. 
Preventive maintenance should be coupled with periodic inspections. If there are already 
~ons/preventive maintenance programs or practices or equipment in place, include 
them here. 
Preventive maintenance involves the regular inspection and testing of site equipment and 
operational systems. These inspections should uncover conditions, such as ctacks or slow 
leaks, which could cause breakdowns or failures that result in discharge of pollutants Jp 
storm sewers and surface waters. The program should prevent breakdowns and failures by 
adjustment, repair or replacement of equipment. An eff~tive preventive maintenance 
program should include the following elements, at a m.inimum: 
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• identification ofequipment, sediment and erosion controls, and site areas that should 
be inspected 

• appropriate and timely maintenance, repair or replacement of control measures and 
equipment 

• maintenance of complete records on inspections, equipment, and systems 

In order to adequately defme a preventive maintenance program, review the information 
gathered so far in terms of materials handling, risk assessment, etc., to determine where 
equipment failure could result in spills or leaks of contaminants. This section will be highly 
specific to each site. 

An effective and efficient recordkeeping system is an important item of the SWMP because 
it will serve many functions. Perhaps the easiest way of setting up a good recordkeeping 
system is to create a SWMP Daily Log in which all items can be entered. Entries into the 
log could include anything relating to the SWMP, stormwater contamination, contacts with 
suppliers, etc. 

Keeping accurate and complete records serves several functions. First, keeping records of 
spills, leaks, SWMP implementation, etc. is a requirement of the general permit; therefore, 
enforcement action, including fines, could result if records are not adequate. Second, by 
keeping accurate and detailed records, you will have documentation of events which could 
prove invaluable should complications arise concerning the permit, lawsuits, etc. And third, 
it will make compiling your annual report to the Division much easier. 

The foiiowing list includes the types of activities and information you may want to include 
in a SWMP Log Book: 

• records of spills, leaks, or overflows, including time and date, weather conditions, etc. 
• implementation of specific items in the SWMP 
• training events (given or attended) 
• events involving materials handling and storage 
• contacts with regulatory agencies and personnel 
• notes of employee activities, contact, notifications, etc. 
• maintenance and repair of stormwater management controls 
• preventive maintenance activities 
• inspection activities 

Additional information such as dated photographs, field notebOOks, drawings and maps, etc. 
can also be included where appropriate. 
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APPENDIXC 

Good Housekeeping/Operation and Maintenance Techniques: 

Good housekeeping is an important pollution control measure. It requires the maintenance 
of a clean, orderly site. This part of the SWMP should address cleaning and maintenance 
schedules, trash disposal and collection practices, grounds maintenance, etc. 

Most construction operations already adhere to some fonn of "Good Housekeeping" 
routine, whether they realize it or not. Permittees must now put these practices down in 
writing and ensure that they are adequate to meet the needs of the site. To prepare this 
section, begin by summarizing any activities which already take place, such as trash 
removal, oil recycling, etc. 

Most good housekeeping practices involve simple common sense. The basic pollution 
prevention concept is that a clean site will have less potential for stonnwater contamination. 
The following checklist can serve as a starting point for the assessment of existing or 
needed good housekeeping practices. Since each project is different, include any additional 
items pertinent to your site . 

• is there evidence of drips or leaks from equipment or machineJY at the site? 
• is garbage/trash/construction debris removed regularly? · 
• are proper clean-up procedures used for spilled materials? 
• are there abandoned machinery, parts, etc. around the site? 
• is every effort made to order only materials that are required, thus minimizing the 

amounts of materials stored? · 
• what other practices routinely perfonned constitute good housekeeping? 
• are signs posted at appropriate locations indicating where to dispose of waste oils and 

refuse? 
• are locations where spill clean-up equipment and materials are stored appropriately 

marked? 
• are fertilizers and other chemicals applied to landscaped areas judiciously applied, 

using only that quantity required? 
• are portable toilet facilities properly maintained? 
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The following good housekeeping BMPs are recommended methods for the storage of 
materials, including lubricants, hydraulic fluids, grounds revegetation materials (fertilizers, 
pesticides, herbicides, etc.), refuse, etc.: , 

Material Stora&e and InventOty; 

• the centralized used oil tank shall be emptied frequently enough to ensure it never 
reaches capacity (e.g., at least once per month). This area will be kept free of trash and 
spilled oil. 

• all refuse dumpsters and receptacles shaJI be equipped with functional lids to prevent 
precipitation from entering. 

• storage containers, drums, and bags shall be stored away from direct traffic routes to 
prevent accidental spills. 

• empty drums shaJI be covered to prevent collection of precipitation. 
• containers shall be stored on pallets or similar devices to prevent corrosion of the 

containers, which can result when containers come in contact with moisture on the . 
ground 

• all chemical substances present at the site shall be identified 
• all of the chemical substances used in the workplace shall be listed, and the Material 

Safety Data Sheet (MSDS) obtained for each. The MSDSs will be readily available 
for use; i.e., posted at the locations where the materials are stored and handled 

• all containers shall be labeled to show the name and type of substance, stock number, 
expiration date, health hazards, including reactivity, corrosivity, ignitability and 
toxicity, suggestions for handling, aixf first aid infonnation. (This infonnation can 
usually be found on the MSDS. Unlabeled chemicals and chemicals with deteriorated 
labels are often disposed of unnecessarily or improperly.) 

Employee Training: An important non-structural BMP is training of facility personnel. 
Even the most comprehensive SWMP is useless if no one knows about it In order to make 
the SWMP an effective management tool, personnel must be infonned of the procedures 
and how they are to be implemented. Any training session should include actual field 
observations of the BMPs being discussed. 

New or temporruy personnel and sub-contractors working at the site also need to be trained 
in the SWMP procedures as soon as possible. Sub-contractors should be provided with a 
copy, as well as being infonned if they are liable for ronditions set forth within it. 
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This is a reproduction of a CDR WQCD document entitled "Stormwater 
Discharges Associated with Construction Activity". 

This application is for use by all stormwater dischargers engaged in consbuction activities. 
Construction activities include clearing, grading, excavation, and other ground disturbance 
activities. Construction does not include routine maintenance performed by public 
agencies, or their agents to maintain original line and grade, hydraulic capacity, or original 
purpose of the facility. 

Application Due Dates: At least ten days prior to the anticipated date of discharge (start 
of construction), the owner or operator of the construction activity shall submit an 
application as provided by the Water Quality Control Division (the "Division"). This form 
may be reproduced. 

Permit Fee: Do not send any payment with this application. You will be billed once you 
are covered under a permit. 

•· · Application Completeness: All items of the application must be completed accurately and 
in their entirety or the application will be deemed incomplete, and processing of the permit 

· ·· · · · will not begin until all information is received. Each application shall be submitted by 
certified mail or hand delivered, only to: 

Colorado Department of Health 
Water Quality Control Division 
WQCD.PE-B2 
4300 Cheny Creek Drive South 
Denver, Colorado 80222·1530 
Attention: Permits and Enforcement Section 

If you have questions on completing this application, you may contact the Section at (303) 
692·3590. 

INSTRUCTIONS 

Item I • Provide the name and address of the permit applicant, including the company 
name, local contact, and mailing address. Indicate whether the applicant is the 
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owner, developer or contractor of the construction site, and the status as a private, ~ederal, 
state, county or other public entity. Include the applicant Federal taxpayer identification 
nwnber (nine digits). Public entities should use their Federal employer identification 
nwnber. This nwnber will be used as an identifier for billing purposes. 

Item 2 - Provide the street address ofthe construction site. For the approximate center 
point of the property, both types of descriptions (legal, in tenns of Township, 
Range and~ section, and longitude/latitude, to the nearest 15 seconds) must be 
included. This infonnation is easily. obtainable from a U.S. Geological Survey 
topographical map, available at area map stores. Also include the name of the 
construction project. 

Item 3 - Briefly describe the nature of the construction activities. Include such things as 
what is being constructed, the ultimate land use, construction methods, or other 
factors which might affect stormwater quality. 

Item 4 - Provide the current estimated start and completion dates for the construction 
project. 

Item 5 - Provide the total area of the construction site and the area that will undergo 
disturbance, in acres. Note: aside from clearing, grading and excavation 
activities, disturbed areas also include areas receiving overburden, and areas 
with heavy equipment/vehicle traffic. 

Item 6 - Identizy the receiying water. Receiving waters are any waters of the state of 
Colorado. These include any and all surface waters that are contained in or flow 
in or through the state of Colorado (except for water withdrawn for use until use 
and treatment have been comp1eted). This definition includes all water courses, 
even if they are usually dry. 

If stormwater from the construction site enters a di~h or storm sewer system, 
identizy that system and indicate the ultimate receiving water for the ditch or 
storm sewer. Note: a stormwater discharge.permit does not allow a discharge 
into a ditch or municipal storm sewer system without the approval of the 
owner/operator of that system. 
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Item 7 - Indicate any other environmental permits, such as cicy or county grading or 
erosion control permits or dredge and fill (ACOE 404) permits, that are held for 
this construction site. Include the permit numl:>er. 

If you currently have a discharge permit from the Division for the discharge of 
process water (such as construction dewatering), include the number here. 

If this item does not apply to you, enter ''Not Applicable" to show that you 
considered the question. 

Item 8 - The certification of completion of a Stormwater Management Plan (SWMP) 
must be signed by the applicant or their authorized agent. Appendix A [of this 
Exhibit] contains the requirements for the SWMP during the period of 
construction (as listed in the general permit). Submittal of the SWMP is not 
required, however it must be developed and implemented and kept at the 
construction site. The Division reserves the right to request the SWMP at any 
time. 

Item 9 - The application must be signed to be considered complete. ·In all cases, it shall 
be signed as follows: 

DEC 1994 

a) In the case of corporations, by a principal executive officer of at least the 
level of vice-president or his or her duly authorized representative, if such 
representative is responsible for the over-all operation of the facility from 
which the discharge described in the application originates. 

b) In the case of a partnership, by a general partner. 

c) In the case of a sole proprietorship, by the proprietor. 

d) In the case of a municipal, state, or other public facility, by either a 
principal executive officer, ranking elected official, or other duly 
authorized employee. 
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GENERAL PERMIT APPI:JCA TION 
FOR AGENCY USE ONLY 

STORMW A TER DISCHARGES 
Ccniroc:alloa Hvlllbe< 

ASSOCIATED WITH: clolal.lol3 ,I I I 
n.te Received Fee c-.ory 

CONSTRUCTION ACTIVI1Y 

(Pennie No. COR-GlOOOO) Year Moedo Doy 

Please print or type. AJI items must be c:omplded acanatdy llld ia tbeir r:atirety or the application will be deemed 
incomplete and proc:essiag of the permit will DOt begia until all informatioll is received •. Please refer to the instructions for 
informatioo about the required items. AD originalaignature of the 1pplicant b required. 

J. Name and addnss of the permit applicant: 

Company Name 

Mailinr Addrcs$ 

City, State and Zip Code 

l'booe Number ( ) ·Who is ~pplying? Owner D Developer D Contractor 0 

~~~~~-~~---------
Entity Type: Private D Federal D. StateD eouotyD CityD Other: 

Local Contact (famDiar widi facility) 

Tide Phone Number 

2. Location or Che construdioa sim 
Street Address 

City, State and Zip Code 

County Name of plan or development 

Legal Location (ToWDShip, Range, aec:tion, l/4 &CCCion): 

Latitude and Longitude 

3. Briell1 describe the nature of the t:OnStruction adh•U1: 

' 
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4. 

s. 

6. 

7. 

8. 

9. 
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Antidpated cxinstrudion schedule: 

Commencement date: Completion date: 

Area of the construction lite: Total are.a (acre£) 

Area to und~ro disturbance (acres) 

~ name oC the rec:eiTiug atream(s). (If disdw-Je Is to a dildl or atonn sewer, also Include the name or the 

ultimate rec:ehin& water): 

Other environmental permits held for this c:onslrudlon adiTJty (include perrnll number): 

-
Stonnwater Management PlaD Certlftc:aelon: 

·1 certify under penalty of Jaw that a mm111n~ Sllmll~~ Mi!!!li:m!Mllll!l. ~ d§c:ri~ io AJm!31dil A g[ Sb~ 
appHcatkln hM been prepared for my faci1iiY. Based on my inquiry of the person or persons who manage the 
system, or those peuoiiS directly responsible for pthering the information. the Stonnwater Management Plan is, to 
the best of my bowled:e and belief, true, accurate, and complete. I am aware that there are sirnifiCUit penalties 
for falsely certifying the completion of Aid SWMP, includmg lhe possibUity of fine and imprisonment for knowing 
violations. • 

Signature of Applicant Date Sipled 

Name (printed) Title 

Signature of Applicant (legally rtSponsible person) 

·1 certify under peoalty of law that I have personally examined and am famlliar with tbe information submitted in 
this application and all anachments and that, based on my inquiry of those individuals Immediately responsible for 
obtaining the information, I believe that the information is true, accurate and complete. I am aware that there are 
significant penalties for submitting false information, including the possibility of fmc or imprisonment. • 

Signature of Applicant Date Signed 

Name (prioted) Title 
. -
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APPENDIX A 

CONTENTS OF THE STORMW A TER MANAGEMENT PLAN (SWMP) 

The SWMP shall be prepared in accordance with good engineering, hydrologic and 
pollution control practices. (The SWMP need not be prepared by a registered 
engineer.) The main objective of the plan is to identify Best Management Practices 
(BMPs) which when implemented will meet the terms and conditions of the general 
permit. ~: The Division has a guidance document available on construction 
SWMP preparation (call 303-692-3590). 

The plan shall identify potential sources of pollution (including sediment) which 
may reasonably be expected to affect the quality of stormwater discharges 
associated with construction activity from the facility. In addition, the plan shall 
describe and ensure the implementation ofBMPs which will be used to reduce the 
polllitants in stormwater discharges associated with construction activity. The 
BMPs must be implemented before construction/grading begins. Construction 
operations must implement the provisions of the SWMP required under this part as 
a condition of this permit 

The SWMP shall include the following items, at a minimum: 

I. Site Description 

Each plan shall provide a description of the following: 
a) A description of the construction activity. 
b) The proposed sequence for major activities. 
c) Estimates of the total area of the site, and the area of the site that is expected 

to undergo clearing, excavation or grading. 
d) An estimate of the runoff coefficient of the site before and after construction 

activities are completed and any existing data describing the soil, soil erosion 
potential or the quality of any discharge from the site. 

e) A description of the existing vegetation at the site and an estimate of the 
percent vegetative ground cover. 
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f) The location and description of any other potential pollution sources, such as 
vehicle fueling, storage of fertilizers or chemicals. etc. 

g) The location and description of any anticipated non-stormwater components 
of the discharge, such as springs and landscape irrigation return flow. 

h) The name of the receiving water(s) and the size, type and location of any 
outfall or, if the discharge is to a municipal separate storm sewer, the name 
of that system, the location of the storm sewer discharge, and the ultimate 
receiving water(s). 

2. SiteMap 

Each plan shall provide a generalized site map or maps which indicate: 
- construction site boundaries 
- all areas of soil disturbance 
- areas of cut and fill 
- areas used for storage of bUilding materials, soils or wastes 
- location of any dedicated asphalt or concrete batch plants 
- location of major erosion control facilities. or structures 
- springs, streams, wetlands and other surface waters 
- boundaries of I 00-year flood plains, if determined 

3. BMPs for Stonnwater Pollution Prevention 

The plan shall include a narrative description of appropriate controls and 
measures that will be implemented before and during construction activities at 
the facility. 

The plan shall clearly describe the relationship between the phases of 
construction and the implementation and maintenance of controls and measures. 
For example, which controls will be implemented during each of the following 
stages of construction: clearing and grubbing necessmy for perimeter controls, 
initiation of perimeter controls, remaining clearing and grubbing, road grading, 
storm drain installation, final grading, stabilization. and removal of control 
measures. 
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The description of controls shall address the following minimum compopents: 

a) Erosion and Sediment Controls 

1) Structural Practices. A description of structural site management 
practices which will minimize erosion and sediment transport. Such 
practices may include: straw bales, silt fences, earth dikes, drainage 
swales, sediment traps, subsurface drains, pipe slope drains, inlet 
protection, outlet protection, gabions, and temporary or permanent 
sediment basins. 

2) Non-Structural Practices. A description of interim and permanent 
stabilization practices, including site-specific scheduling of the 
implementation of the practices. Site plans should ensure that existing 
vegetation is preserved where possible and that disturbed areas are 
stabilized. Non-structural practices may include: temporary seeding, 
permanent seeding, mulching, geotextiles, sod stabilization, vegetative 
buffer strips, protection of trees, and preservation of mature "vegetation. 

b) Materials Handling and SpiJI Prevention 

The SWMP shall identify any procedures or significant materials handled at 
the site that could contribute pollutants to runoff. These could include: 
exposed storage of building materials, fertilizers o~ chemicals; waste piles; 
and equipment maintenance or fueling procedures. Areas or procedures 
where potential spills can occur shall have spill prevention and. response 
procedures. identified. 

Measures to control stormwater pollution from dedicated concrete batch 
plants or dedicated asphalt batch plants covered by this certification, must be 
identified in the SWMP. 
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4. Final Stabilization and Lon:;erm Stonnwater Manaeement 

A description of the measures used to achieve final stabilization and measures to 
control pollutants in stonnwater discharges that will occur after construction 
operations have been completed. 

Final stabilization is reached when all soil disturbing activities at ihe site have 
been completed, and uniform vegetative cover has been established with a 
density of at least 70 percent of pre-disturbance levels or equivalent permanent, 
physical erosion reduction methods has been employed. The Division may, 
after consultation with the permittee and upon good cause, amend the final 
stabilization criteria for specific operations. · 

5. Other Controls 

A description of other measures to control pollutants in stormwater discharges, 
including plans for waste disposal and limiting off site soil tracking. 

6. Inspection and Maintenance 

A description of procedures to inspect and maintain in good and effective 
operating condition the vegetation, erosion and sediment control measures and 
other protective measures identified in the SWMP. 
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CHECK 

M-32 

DESCRIPTION 

Small temporary dams constructed across a swale or drainage ditch. 

PURPOSE 

Check dams reduce the velocity of concentrated stonnwater flows, thereby reducing erosion 
of the swale or ditch, and slow water velocity to allow sediment capture. 

CONDITIONS WHERE PRACTICE APPLIES 

_ Perimeter control 
_ Slope protection 
~ Sediment trapping 
~ Drainageway & stream protection 
_ Tempormy stabilization 
_ Permanent stabilization & exposure limits 
_Non-sediment pollution control appropriate 

APPROPRIATE APPLICATION 

Check dams are used to reduce the velocity of channel flow in smaller channels and 
tempormy swales. This practice is limited to use in small open channels which drain I 0 
acres or less. 

LIMITATIONS 

Check dams should not be used in live streams. Do not install in channels which have 
already been lined or vegetated. 

PLANNING CONSIDERATIONS 

Check dams only perform their function of reducing velocities of concentrated flows and 
energy if they have been sized and constructed correctly and are maintained properly. 

C.D. 
CHECK DAMS 1_._ 1-1·--- Exhibit M-3a 

Symbol 

DEC 1994 

... 



0 

CHECK 

+ Advantages: 

• Check d~ reduce the need for more stringent erosion control practices in the 
swale due to the decreased velocity and energy of runoff. 

DESIGN & SIZING CRITERIA 

Check darns can be constructed of either rock or logs. Provide a deep swnp immediately . . 

upstream. 

The maximum spacing between the dams shall be such that the toe of the upstream darn is 
at the same elevation as the top of ~e downstream dam. 

Rock check dams shall be constructed ofappropriately sized rock ofD50 equal to 8"-12" 
minimum. The rock must be placed by hand or mechanical placement (no dumping of rock 
to form dam) to achieve complete coverage of the ditch or swale and to ensure that the 
center of the dam is lower than the edges. The rock used must be large enough to stay in 
place given the expected design flow through the channel. 

Log check dams shall be constructed of 4 to 6-inch diameter logs .. The logs shall be 
embedded into the soil at least 18 inches. 

In the case of grass-lined ditches and swales, check dams shall be removed when the grass 
has matured sufficiently to protect the. ditch or swale unless the slope of the swale is greater 
than 4 percent. The area beneath the check darns shall be seeded and mulched immediately 
after dam removal. 

MAINTENANCE REQIHREMENTS . 

Check darns shall be monitored for performance and sediment accumulation during and 
after each runoff producing rainfall. Sediment shall be removed when it reaches on half the 
sump depth. 

C.D. 
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CON. ENT. 

DESCRIPTION 

A stabilized pad of aggregate underlain with filter cloth located at any point where traffic 
will be entering or leaving a construction site to or from a public right-of-way, street, alley, 
sidewall: or parking area 

PURPOSE 

The purpose of a stabilized construction entrance is to reduce or eliminate the tracking of 
sediment onto public rights-of-way or streets. Reducing trackout of sediments and other 
pollutants onto paved roads helps prevent deposition of sediments into local stonn drains 
and production of airborne dust. 

CONDITIONS WHERE PRACTICE APPLIES 

.! Perimeter control 
_ Slope protection 
_ Sediment trapping 
.! Drainageway & stream protection 
_ Tempormy stabilization 
.! Permanent stabilization & exposure limits 
_Non-sediment pollution control appropriate 

APPROPRIATE APPLICATIONS 

A stabilized construction entrance should be used at all points of construction ingress and 
. egress. NPDES pennits require that appropriate measures be implemented to prevent 

trackout of sediments onto pav~ roadways. 

LIMITATIONS 

The stabilized construction entrance plan should be reviewed as part of the project traffic 
control plan. 

• Construct on level ground. 
• Stabilized construction entrances are rather expensive to construct and when a 

wash rack is included, a sediment trap of some kind must also be provided to 
collect wash water runoff. 

CONSTRUCTION 
ENTRANCE. 

STABILIZATION 
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PLANNING CONSIDERATIONS 

Stabilized construction entrances are not very effective in removing sediment from 
equipment leaving a construction site. Efficiency is greatly increased, though when a 
washing rack is included as part of a stabilized construction entrance. Build on level ground. 

+ Advantages: 

• Does remove some sediment from equipment and serves to channel construction 
traffic in and out of the site. 

DESIGN & SIZING CONSIDERATIONS 

The aggregate for stabilized construction entrance aprons shall be I to 3 inches in size, 
washed, weD-graded gravel or crushed rock The apron dimensions recommended are 30 ft x • 
50 ft. and 6 inches deep. 

• Entrance must be properly graded to prevent runoff from leaving the construction 
site. 

• When wash areas are provided washing shall be done on an area stabilized with 
crushed stone which drains into a properJy constructed sediment trap or basin 
(pond). 

MAINTENANCE REQUIREMENTS 

• Inspect monthly and after each rainfall. 
• Replace gravel mat when surface voids are no longer visible. Periodic top dressing 

with additional stone will be required 
• All sediments deposited on paved roadways must be removed within 24 hours. 
• Remove gravel and filter fabric upon completion of construction. 

CONSTRUCTION 
ENTRANCE 

STABILIZATION 
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CON. RD. 

DESCRIPTION 

The temporary stabilization of access roads, subdivision roads, parking areas, and other 
on-site vehicle transportation routes with gravel or by chemical stabilization immediately 
after grading. 

PURPOSE 

To reduce erosion of temporary road beds by construction traffic. 

CONDITIONS WHERE PRACTICE APPLIES 

~ Perimeter control 
_ Slope protection 
_ Sediment trapping 
_ Drainage\.vay & stream protection 
~ Temporary stabilization 
_Permanent stabilization & exposure limits 
_Non-sediment pollution control appropriate 

APPROPRIATE APPLICATIONS 

• Wherever parking areas are constructed, whether pennanent or temporary, for use by 
construction traffic. 

• For phased construction projects where roadways are graded for utility installations, but 
will not be paved inunediately. 

• Detour roadways. 
• When roadway construction occurs in wet weather. 

LIMITATIONS 

Measures on tempormy roads must be cheap to install and also to remove. Application of 
aggregate or chemical stabilization to construction roads may need to be made more than 
once during a construction period. 

PLANNING CONSIDERATIONS 

Roads graded for construction vehicles are especiaiiy susceptible to erosion. The exposed 
soil surface is continually disturbed resulting in erosion, dust problems, .and transport runoff 
waters along their surfaces. During wet weath~, the roads may generate significant 

CONSTRUCITON ROAD 
STABILIZATION ~ Exhibit M-5a 
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Permanent roads and parking areas should be paved as soon as possible after grading. As an 
alternative where construction will be phased, the early application of gravel or chemical 
stabilization may solve potential erosion and stability problems. 

DESIGN & SIZING CRITERIA 

A 6-inch course of2 to 4-inch crushed rock, gravel base, or crushed surfacing base course 
shall be applied immediately after grading or the completion of utility installation within the 
right-of-way. A 4-inch course of aggregate base course may be used in lieu of the crushed 
rock. Chemical stabilization may also be used upon compacted native sub-grade. 
Acceptable chemical stabilization methods are listed in the Dust Control BMP fact sheet. 
These chemical controls should be applied per the manufacturers directions. 

Temporary roads should follow the contour of the natural terrain to the maximum extent 
possible. Slope should not exceed l.S percent. Roadways should be carefully graded to drain 
transversely. Provide drainage swales on each side of the roadway for a nonnal crown 
section, or to the downstream side for a super-elevated section. Simple gravel berms 
without a trench can also be used. Installed drainage inlets shall be protected to prevent 
sediment-laden water entering the drain sewer system. 

MAINTENANCE REQUIREMENTS 

Inspect stabilized areas regularly, especially after large storm events. Add rock or gravel if 
necessary to stabilize any erosion. 

CONSTRUCTION ROAD 
STABILIZATION 
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DESCRIPTION 

A temporary benn or ridge of compacted soil, located in such a manner as to chailnel water 
to a desired location. , 

PURPOSE 

The purpose of an earth dike is to direct runoff to a sediment trapping device or stabilized 
outlet, to reduce the potential for erosion. Earth dikes can also be used for diverting clean 
water away and sheet flows away from distwi>ed areas and unprotected slopes. 

CONDITIONS WHERE PRACTICE APPLIES 

.! Perimeter control 

.! Slope protection 
.... Sedimegt trapping 
_ Draffi.~geway & stream protection 
_ Temj)Ormy stabilization 
_ Permanent stabilization & exposure limits 
_Non-sediment pollution control appropriate 

APPROPRIA IE APPLICATIONS 

Earth dikes are often constructed upstream of disturbed areas and around construction sites. 
The dikes should remain in place until the disturbed areas arc permanently stabilized. The 
dikes must be on-site and maintain the inflow and outflow conditions at the site to the 
historic drainage pattern. 

LIMITATIONS 

Limit to upstream drainage areas of I 0 acres or less and for slopes less than 5 percent. For 
larger areas more permanent structures should be built. 

• Often times earth dikes create more distur~ area on site and become barriers to 
construction equipment. 

• Earth dikes must be stabilized immediately wJ.,Uch adds cost and maintenance 
concerns. 

• Diverted stormwater flow may cause flood damage to adjacent areas. 

DIVERSION DIKE Exhibit M-6a 
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D. DIKE 

PLANNING CONSIDERATIONS 

An earth dike i~e1f does not control erosion or remove sediment from runoff, rather it 
directs runoff to an erosion control device such as a sediment trap or directs runoff away 
from an erodible area. Temporary diversion dikes should not adversely impact adjacent 
properties and must conform to local floodplain management regulations. 

+ Advantages: 

• Earth dikes can handle flows from large drainage areas and are easy to install. 
• Also, once stabilized, earth dikes require little maintenance. 
• Uses on-site materials. 

DESIGN & SIZING CRITERIA 

Temporary Diversion Dikes 

I. All dikes shall be compacted by earth-moving equipment. 

2. All dikes shall have positive drainage to an outlet 

3. Top width may be wider and side slopes may be flatter if desired to facilitate crossing 
by construction traffic .. 

4. Location should be adjusted as needed to utilize a stabilized safe outlet. 

5. Earth dikes shall have an outlet that functions with a minimum of erosion. Runoff shall 
be conveyed to a sediment trapping device such as a sediment trap or sediment basin 
when either the &e channel or the drainage area above the &e are not adequately 
stabilized. 

DIVERSION DIKE Exhibit M-6b 
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6. Temporary stabilization, when necessary, shall be as scheduled below: 

FLQW OIANNEL STABILIZATION 

TYPE OF 
TREATMENT 

1 
2 
3 
4 

CHANNEL 
GRADE 

0.5-1.00/o 
1.1-2.00/o 
2.1-4.0% 
4.1-5% 

ROCK(D50) 
STABILIZATION 

4"Rock 
6" Rock 
8" Rock 

Rip-Rap 8-12" 

A. Stone or recycled concrete equivalent, in a layer at least 8 inches in thickness and be 
pressed into the soil with construction equipment. 

B. Riprap to be in a layer at least tWo times the 050 and pressed into the soil. 

C. Approved equivalents can be substituted for any of the above materials. 

7. Filter cloth may be used for dikes in use for long periods. 

MAINTENANCE REQUIREMENTS 

Inspection and required maintenance must be provided after each rain event. 

DIVERSION DIKE Exhibit M-6c 
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I 1/Z : I SLOPE 
OR FLATTER 

GRADE LINE 

I . B 

REQUIREMENTS BASED ON UPSTREAM DRAINAGE AREA 

DIKE I ·DIKE 2 
15 ACRES OR LESS! lS-10 ACRES) 

A -DIKE HEIGHT 18" 36M 

B-OIKE WIDTH 241" 36M 

C-FLOW WIDTH 4' o' 
0-FLOW DEPTH 8" ISH 

TEMPORARY DIVERSION PIKE 
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DESCRIPTION 

A temporary drainage way with a lining of grass, stone, asphalt, concrete, or other material. 
Pennanent channels must be designed and constructed in accordance with appropri~te local 
design standards. 

PURPOSE 

Drainage swales are used as perimeter controls or slope protection to convey runoff without 
causing erosion by intercepting runoff from above wtprotected slopes or at the perimeter 
and directing the runoff to a stabilized outl_et, sediment trapping device or stabilized outlet. 

CONDITIONS WHERE PRACTICE APPLIES 

! Perimeter control 
! Slope protection 
_ Sediment trapping 
_ Drainageway & stream protection 
_Temporary stabilization 
_ Permanent stabilization & exposure limits 
_Non-sediment pollution control appropriate 

APPROPRIATE APPLICATION 

Drainage swales are placed to divert upland flows away from a disturbed area or exposed 
slope and to direct on-site sediment-laden water to a trapping device. The temporary 
drainage swales must be on-site and maintain the historic drainage patterns for inflow and 
outflow from the site. 

LIMITATIONS 

Temporary drainage swales or any diversion of runoff should not adversely impact 
upstream or downstream properties and must confonn to local floodplain management 
regulations. 

• Constructing the proper swale to handle the desired runoff flows often requires 
engineering design work which can be costly. 

• Swales can be expensive to construct if a liner is required. 

D.S. 
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PLANNING CONSIDERATIONS 

Drainage swales will effectively convey runoff and avoid erosion only if the proper type of 
geometry and lining is used. Care should be taken to assure that runoff leaving the swale is 
·at non-erosive velocities. 

• Drainage swales can transport large volumes of concentrated flows with little 
maintenance once established. 

DESIGN & SIZING CRITERIA 

In addition to other hydraulic design -criteria presented in this manual, the following criteria 
must be met: 

I. All temporary swales shall have uninterrupted positive grade to an outlet. 

2. Diverted runoff from a disturbed area shall be conveyed to a sediment trapping device. 

3. Diverted runoff from an undisturbed area shall outlet directly into an undisturbed 
stabilized area at non-erosive velocity. 

4. All trees, brush, stumps, obstructions, and other objectionable material shall be 
removed and disposed of so as not to interfere with the pro~ functioning of the swale. 

5. The swale shall be excavated or shaped to line, grade, and cross section as required to 
meet the criteria specified herein and be free of bank projections or other irregularities 
which will impede normal flow. 

6. Fills shall be compacted by earth moving equipment. 

7. All earth removed and not needed on construction shall be placed so that it will not 
interfere with the functioning of the swale. · 

D.S. 
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8. Stabilization shall be as per the chart below: 

FLOW STABILIZATION 

TYPE OF CHANNEL 050 D50 
TREATMENT GRADE SwaleA SwaleB 

(5 AC or Less) (5AC-10AC) 

I 0.5-1.0% 4"Rock 4"Rock 

2 1.1-2.0% 6"Rock 6"Rock 

3 2-3% 8" Rock Ripra:p 6-12" 

4 3.1-5% 8-12" Rip-Rap Engineered 

MAINTE~ANCE 

Periodic inspection and required maintenance must be provided after each rain event. 

These tempormy drainage swales are intended to fiiJ with sediment during large storm 
events, and will require maintenance. 

D.S. 
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DESCRIPTION 

A comprehensive plan. to limit off-site sedimenbltion by controlling the sites potential for 
producing air borne fugitive dust and track-out of sediments. 

PURPOSE 

·Sediments which are transported from construction sites by stormwater runoff: wind, 
erosion and vehicle trackout are often re-dispersed to the air by subsequent vehicular traffic ' 
and high winds. Likewise, these sediments· may be transported by the next rainfall into 
public storm sewer systems. Implemenbltion of control measures to minimize the generation 
of fugitive dust from construction sites will also limit quantity of sediments in stormwater. 

CONDITIONS WHERE PRACTiCE APPLIES 

_ Perimeter control 
_ Slope protection 
~ Sediment trapping 
_ Drainageway & stream protection 
~ Tempormy swbilization 

I 

_Permanent sblbilization & exposure limits 
_Non-sediment pollution control appropriate 

APPROPRIATE APPLICATJQNS 

Primacy sources of dust from development and construction activities are: 
• Grading Operations (land clearing and eartlunoving) 

· • Drilling and blasting 
• Batch drop operations (loader operation) 
• Exposed areas, cleared unstabilized area 
• Vehicle traffic on unpaved surfaces 
• Sediment tracking on paved surfaces 
• Blasting and wrecking ball operations 
• Soil and debris storage piles 

DUST CONTROL .~ Exhibit M-8a 
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PLANNING CONSIDERATIONS 

Many of the reasonably available control measures for controlling fugitive dust from 
construction sites can also be implemented as Best Management Practices for stormwater 
pollution prevention. Those best management practices include: 

• Pave, vegetate, or chemically stabilize access points to paved roads. · 
• Provide covers for trucks transporting materials that contribute dust. 
• Provide for wet suppression or chemical stabilization of exposed soils. 
• Provide for rapid cleanup of sediments deposited on paved roads. 
• Furnish stabilized construction road entrances and vehicle wash down areas. 
• Stabilize unpaved haul roads, parking and staging areas. 
• Implement dust control measures for material stockpiles. 
• Prevent drainage of sediment-laden stormwater onto paved surfaces. 
• Stabilize abandoned constrUction sites using vegetation or chemical stabilization 

methods. 
• Limit the amount of areas disturbed by clearing and earth moving operations by 

scheduling these activities in phases. 

The following Table, Dust Control Application provides guidance on the appropriate best 
management practices recommended for typical field operations and conditions 

There are many products available as dust palliatives for chemically stabilizing gravel 
roadways and stockpiles. The types of chemicals available and 
recommendations for their use are tabulated in the chart of Commonly Used Dust 
Palliatives. 

MAINTENANCE REQIDREMENTS 

Dust control is an ongoing process during site construction. Re-application of dust control 
measure may be necessmy until construction is complete. 

DUST CONTROL ~- Exhibit M-8b 
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DESCRIPTION 

Installing natural or synthetic mattings on steep slopes and/or prepared vegetative seoo 
beds. 

PIJRPOSE 

Erosion control matting is used to reduce rainfall impact, hold soil in place, and absorb and 
hold moisture near the soil surface. The matting may be used alone or with a mulch during 
the establishment of protective vegetative cover"on critical slopes. 

CONDITIONS WHERE PRACTICE APPLIES 

_ Perimeter control 
! Slope protection 
_ Sediment trapping 
_ Drainageway & stream protection 
! Tempormy stabilization 
_Permanent stabilization & exposure limits 
_Non-sediment pollution control appropriate 

APPRQPRIATE APPLICATIONS 

In channels where designed flow exceed 3 fps; on steep slopes; when planting is likely to be 
slow; and on stream banks where flow is likely to wash out new vegetative plantings. 

LIMITATIONS 

Properly installed nettings provide excellent erosion control but do so at relatively high cost. 
Typicaily netting is used in areas of concentrated channel flow and steep slopes. 

PLANNING CONSIDERATIONS 

Matting strengths and uses vary; the manufacturer specifications should be followed. In 
most cases the matting alone is not acceptable for flow velocities greater than 6 fps. The 
matting provides additional protection for flow and for revegetation. 

EROSION CONTROL 
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E.C. MATS 

DESIGN & SIZING CRJTERIA 

Jute Mat- shall be cloth of a unifonn plain weave of undyed and unbleached single jute 
yarn and weighing an average of 1.2 pounds per linear yard of cloth with a tolerance of plus 
or minus five {5) percent, with approximately 78 warp ends per width of cloth and 4I weft 
ends per linear yard of cloth. The yam shall be of a loosely twisted construction having an 
average twist of not less than 1.6 turns per inch and shall not vruy in thickness by more than 
Y: its normal diameter. 

Straw Mat- shall be a machine produced mat consisting of70% (±3%) agricultural straw 
and 30% (:!::3%) coconut fiber. The blanket shall be of consistent thickness with the straw 
and coconut fiber evenly distributed. The blanket shall be covered on the·top side with 
polypropylene netting having an approximate 5/8" x 5/8" mesh containing ultraviolet 
additives to resist breakdown, and on the bottom with a polypropylene netting with an 
approximate W' X Y:" mesh. The blanket shall be sewn together with cotton thread. 

Excelsior Mat - shall be wood excelsior, 48 inches in width plus or minus one inch and 
weighing 0.8 pound per square yard plus or minus ten percent The excelsior material shall 
be covered with a netting to facilitate handling and to incr~e strength. 

Glass Fiber MattinJ: - of bonded textile glass fibefs with an average fiber diameter of eight 
to twelv~ microns, two to four inch strands of fiber bonded with phenol formaldehyde resin. 
Mat shall be roll type, water penneable, minimum thickness Y4 inch, maximum thickness Y: 
inch, density not less than three pounds per cubic foot. 

Other Mulch NettinJ:s - such as paper, plastic, cotton or fiber glass matting shall be 
installed according to the manufacturer's recommendations. 

Staples - for anchors shall be Number II gaug~ wire or heavier, and the length shall be six 
to ten inches, minimum 

INSTALLATION 

Site Preparation: 

After the site has been shaped and graded to the approved design, prepare a friable seed bed 
relatively free from cJods and rocks more than I Y: inches in diameter and any foreign 

EROSION CONTROL 
MATTINGS 
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material that will prevent contact of the protective mat with the soil surface. 

Planting: 

Fertilize and seed in accordance with seeding or other type of planting plan. When using 
jute matting on a seeded area, apply approximately ~ the seed before laying the mat and the 
remainder after laying the mat. The protective matting can be laid over sprigged areas when 
grass has been planted. Where vines or other ground covers are to be planted, lay the 
protective matting first and then plant through matting. 

Erosion Stops: 

Erosion stops are made of glass fiber strips, excelsior matting strips or tightfolded jute. 
Matting blanket or strips should be used on steep, highly erodible sites. The stops are 
placed in narrow trenches six to tweive inches, deep across the ~annel and left flush with 
the soil surface. They are to cover the full cross section of designed flow. 

Laying and Securing Matting: 

Before laying the matting, all_ erosion stops should be installed and the :fiiable seed bed 
made free of clods, rocks, and roots. Most matting comes with manufacturer's 
recommendations for installation. The matting should be unrolled starting at the upper end 
of the channel, allowing a four~inch overlap ofmattings along the center of channel. To 
secure, bury the top ends of matting in a narrow trench, minimum of six inch depth. Backfill 
trench and tamp fumly to oonfonn to channel cross section. Secure with a row of staples 
about four inches down slope from trench with staples twelve inches apart. 

Where matting crosses erosion stops, reinforce with a double row of staples, six- inch 
spacing, staggered pattern on either side of erosion stop. Likewise, overlaps joining the 
length of matting together and the discharge end of the matting liner should be similarly 
secured with a double row of staples. 

Mechanical or manual laydown equipment shall be capable of handling full rolls of fabric, 
and laying the fabric smoothly, without wrinkles or folds. The equipment shall be in 
accordance with the fabric manufacturer's reco.rornendations or as approved by the 
Engineer. 

·EROSION CONTROL 
MATTINGS 
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The surface upon which the separation fabric will be placed sha11 be compacted and finished 
according to the manufacturer's recommendations. 

• Final Check: 

• Make sure matting is unifonnly in contact with the soil. 
·All lap joints are secure. 
• Ali staples are flush with the groWld. 
• Ali disturbed areas seeded 

MAINTENANCE REOUIREMENIS 

Inspect monthly and after each significant rainfall. Re·anchor loosened nettings and replace 
lost net and staples as required. 

EROSION CONTROL 
MA'ITJNGS 
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I 

On shallow slopes, strips of 
netting may be applied across 
fhe slope. . 

Where fhere Is a berm at 1he top of 1he slope, 
brina the netting over fhe berm and anchor It 
behfnd the berm. 

On steep slopes. apply strPs of 
netting parallel to the direction 
of flow and anchor securely. 

Bring netting down to a level area before 
terminating the Installation. Turn the end , under 6• 
and staple at l2" intervals. 

EROSION CONTROL 
MATIINGS 

In ditches. gppty netting 
parallel to 1he direction of 
flow. Use check slots every 
15 feet .. Do not join stnps in 
the center of 1he ditch. 
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Anchor Slot: Bury the up-channel end of the r,.et in 
a 6• deep trench. Tamp the soli firmly. Staple at 12" 
Intervals across the net. 

Overlap: Overlap edges of the 
strips at least 4•, staPle every 3 
feet down the center of the 
strip. 

• . . . 
·-.---------

Joining ~: Insert the new roll of net n a trench. 
as wHh the Anchor Slot. Overlap the up-channel end 
of the previous roD 1a• and 1um the end under 6•. 
Staple the end of 1he previous roll just below the 
anchor slot and at 1he end at 1 Z' ntervals. 

Check Slots: On erodible soils or steep slopes. check 
slots Should· be made every 15 feet. Insert a fold of 
the net nto a 6• trench and tamp firmly. Staple at 
1 'Z Intervals across 1he net. Lay the net smoothly on 
the surface of the soil - do not stretch 1he net and 
do not . allow wrinkles. 

Anchoring Ends At Struc1ures: 
Place the end of 1he net In 
a 6• slot on the up-channel 
side of the structure. Fll the 
trench and tamp firmly. RoU 
the net up the channel. 
Place staples at lZ' Intervals 
along 1he anchor end of 
the net. · 
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DESCRIPTION 

Establish a program of equipment maintenance procedures which will reduce contamination 
of on-site soils. 

PURPOSE · 

Non-sediment stormwater poliution can occur through improper disposal of equipment 
fluids and disposables such as filters, batteries, and tires. An established program of 
maintenance procedures can prevent job site poJiution and contamination of stormwater. 

CONDITIONS WHERE PRACTICE APPLIES 

_ Perimeter control 
_ Slope protection 
_ Sediment trapping 
_ Drainageway & stream protection 
_ T~my stabilization 
_Permanent stabilization & exposure limits 
! Non-sediment pollution control appropriate 

APPROPRIATE APPLICATIONS 

Applicable for large construction sites where heavy equipment and truck storage and 
maintenance yards are located on-site. 

LIMITATIONS 

Comply with local codes and ordinances regarding on-site equipment maintenance and 
disposal of fluids and oonsumables. 

PLANNING CONSIDERATIONS 

1. Properly dispOse of or recycle used oils, hydraulic fluids, and gear lubricants. J:?o not 
dump fuels and lubricants into pits or on the ground. Never place used oil in a dumpster 
or pour down a storm drain. 

2. Properly dispose of or recycle used batteries. 

EQUIPMENT 
MAlNTENANCE 
PROCEDURES 
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3. Do not bury used tires. 

4. Do not dispose of extra paints and coatings by dumping liquid onto the ground or 
throwing in dumpsters. Allow coatings to dry or harden before disposal into covered 
dumpsters. 

5. Repair leaks of hydraulic fluids, oils, and other fluids as soon as possible .. 

6. Use steam or high pressure water instead of thinners and solvents to wash down heavy 
equipment. Locate the wash down area in a contained area, and dispose of wash water 
and detergents to the sanitary sewer system only after grit is removed. 

7. Provide spill containment dikes and stored oil and chemical drums. 

MAINTENANCE REQUIREMENTS 

I. Maintain waste oil containers in leak proof condition. 

2. Clean equipment radiators to maXimize cooling efficiency and prevent boil overs. 

3. Inspect equipment for damaged hoses and leaky gaskets daily. Repair or replace as 
needed. 

EQUIP 

EQUIPMENT 
MAJNTENANCE 
PROCEDURES 
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GRAVEL 

DESCRIPTION 

A temporary berm constructed of open graded rock installed at the toe of a slope, or the 
perimeter of a developing or disturbed area 

PURPOSE 

To intercept and detain sediment laden water from an unprotected area, detain the sediment 
and release the water in sheet flow. · 

CONDITIONS WHERE PRAO'ICE APPLIES 

.! Perimeter control 
_ Slope protection .
.! Sediment trapping. 
_ Drainageway & stream protection 
_ Tempormy stabilization 
_ Permanent stabilization & exposure limits 
_Non-sediment po11ution control appropriate 

APPROPRIATE APPLJCA TJONS 

Where a temporary measure is needed to retain sediments such as: 

• Near the toe of slopes. 
• At construction site perimeters. 
• May be used as check dams across one or more Janes of construction traffic 

temporary roads, or unsurfaced rights of way subject to construction traffic. 

+ Advantages: 

• May be less costly than other temporary barriers. 
• Relatively efficient at Sediment Removal. 

+ Disadvantages: 

• Removal of tempormy gravel benns may be difficult 

GRAVEL FILTER BERM G.F.B.~~~ 
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GRAVEL 

LIMITATIONS 

• Maximmn drainage area, 5 acres. ' 
• Not recommended to be built on landscaped areas due to the difficulty of clean up . 

PLANNING CONSIDERATIONS 

• 
• 
• 

• 

Construct along_ a level contour for intercepting sheet flow . 
Provide an undisturbed or stabilized outlet suitable for sheet flow . 
Allow ample room for sediment removal equipment between the berm and 
toe-of-slope. 
Installation in stream beds requires large rock, staking of woven wire sheathing, 
and daily inspection. 

DESIGN & SIZING CRITERIA -

In Non-Traffic Areas: 

• Maximmn flow through rate per square foot ofbenn = 60 gpm 
• Height= I8 inches minimmn 
• Top width = 24 inches minimum 
• Side slopes = 2: I or flatter 
• Build on a level contour. 

· • Rock: 3/4 inch to 3 inches open graded for sheet flow and 3 to 5 inches open 
graded for concentrated flow. 

In Construction Traffic Areas: 

• Height= 12 inches maximum 
• Provide multiple berms in series, as shown. 

-evety 300 feet on slopes less than 5 percent 
-evety 200 feet on slopes ? to I 0 percent 

-evety 100 feet on slopes greater than 10 percent 

GRAVEL FJLTER BERM G.F.B.~~ 
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MAINTENANCE REQUIREMENTS 

• Remove retained sediments when depth reaches 1/3 ofbenn height or 1 foot, 
whichever occurs firsl 

• Inspect monthly and after each rainfall. Reshape benn as needed, replace lost or 
dislodged rock 

• Remove gravel filter berm at the end of construction 

i 
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CRUSHED ROCK 
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.GRAVEL BERM 

GRAVEL 

1.5' FOR NON TRAFFIC AREAS 
1.0' FOR TRAFFIC AREAS 

TRAFFIC AREAS 
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DESCRIPTION 

Providing a stabilized surface for seeding and/or prevention of erosion. Mulches include 
organic materials, straw, wood chips, bark or other wood fibers, ~ecomposed granite, 
gravels, a variety of netting or mats of organic or non-organic materials, and chemical soil 
stabilization. ' 

PURPOSE 

The pwposes of using mulch are: (a) prevent erosion by protecting the soil surface from 
raindrop impact and reducing the velocity of overland flow and (b) to foster the growth of 
vegetation by increasing available moisture and providing insulation against extreme heat 
and cold 

CONDITIONS WHERE PRACTICE APPLIES 

· _ Perimeter control 
.! Slope protection 
_ Sediment trapping 
_ Drainageway & stream protection 
.! Temporaty stabilization 
_ Permanent stabilization & exposure limits 
_Non-sediment poJiution _control appropriate 

APPROPRIATE APPLICATIONS 

1. Areas which have been permanently seeded should be mulched immediately following· 
seeding. 

2. Areas which cannot be seeded because of the season, but will be seeded at a later date 
should be mulched to provide some protection to the soil surface. An organic mulch 
(not wood fiber alone) shall be used, and the area then seeded as soon as feasible in 
spnng. 

3. Mulch should be used together with plantings of trees, shrubs, or certain ground covers 
which do not provide adequate S<>il stabilization by themselves. 

4. Mulch should be used in conjunction with temporary seeding operations when climatic 
conditions allow or tempormy irrigation is provided 

MULCHING ~ Exhibit M-12a 
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MULCH 

LIMITATIONS 

Mulching is appropriate for temporary or pennanent methods of erosion control. Organic 
mulches, straw and wood fiber are appropriate in landscaped or revegetated areas as 
temporary controls. Permanent mulches more appropriate for arid regions include gravels 
and decomposed granite. 

PLANNING CONSIDERATIONS 

Mulches are applied to the soil surface to conserve a desirable soil property or to promote 
plant growth. A surface mulch is one of the most effective means <>f controlling runoff on 
disturbed land. 

Mulches can increase the infiltration rate of the soil, reduce soil moisture loss by 
evaporation, prevent crusting and sealing of the soil surface, modify soil temperatures, and 
provide a suitable microclimate for seed germination. 

Organic mulch materials, such as straw, wood chips, bark, and wood fiber, have been found 
to be the most effective where re-vegetation will be provided by reseeding. 

Chemical soil stabilizers are less effective mulches when used alone. These materials are 
useful to bind organic mulches together or to stabilize flat areas such as roadways. 
Decomposed granite, gravels and bark are effective as ground cover in landscaped areas. 

A variety of nets and mats have been developed for erosion control in recent years, and 
these are also used as mulches, particularly in critical areas such as waterways. They may be 
used to hold other mulches to the soil surface. 

The choice of materials for mulching will be based on the type of soil to be protected, site 
conditions, landscape requirements, and economics. 

DESIGN CRITERIA 

Mulching consists of furnishing all materials, preparing the soil surface and applying the 
mulch to all soil surface areas designated on the project plans or esta~lished by the 
Engineer. 

MULCHING ~ Exhibit M-12b 
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MATERIALS 

Compliance with the requirements ofSubsection213.02 of the 1991 COOT Standard 
Specifications for Road and Bridge Construction is recommended. 

WOOD FIBER MULCH: Wood fiber mulch shall consist of a specially prepared wood 
fiber processed to contain no growth or germination inhibiting factors. The mulch shall be 
from virgin wood and be manufactured and processed so the fibers will remain in uniform 
suspension in water under agitation to form a homogeneous slurry. 

STRAW MULCH: Straw mulch shall be from the current season's crop. A letter of 
certification from the supplier shall be required to show that the straw was baled less than 
12 months from the delivery date. 

EMULSIFJED ASPHALT: Emulsified asphalt shall be type SS-1 or CSS-1. 

BINDER: Binder shall be free flowing, noncorrosive powder produced from natural plant 
gum marketed under M-Binder, M145 Binder, AZTAC or approved equal. 

PREPARATION/METHODS AND EQUIPMENT 

The equipment and methods used to distribute mulching materials shall be such as to 
provide an even and uniform application of mulch and/or other materials at the specified 
rate. The mulch can be spread by hand or by mulch-blowing equipment 

APPLYING MULCH: Mulch shall be ,immediately affixed by either crimping or tacking. 
The Engineer shall detennine.which areas are not conducive to anchoring by crimping and 
will direct the contractor to anchor such mulch by tacking. 

Within 24 hours after eacli area is planted, straw mulch shall be uniformly applied at the 
rate of approximately 2-1/2 tons per acre for crimped areas and 1-3/4 tons per acre for 
tacked areas. 

ANCHORAGE BY CRIMPING: Mulch shall be anchored into the soil with a heavy disc 
with :flat, serrated discs at least l/4 inch thiCk having dull edges and spaced no more than 
nine inches apart. Mulch· shall be anchored to a depth of at least two inches and shall not be 
covered with an excessive amount of soil. Anchoring opei:ations shall be across the slopes 
where practical with no more than two passes fJf the anchoring 
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MULCH 

equipment. hnmediately following the crimping operation the crimped area shall be tacked 
as specified under Anchorage by Tacking. ' 

ANCHORING BY TACKING: Mulch shall be anchored by tacking using either emulsified 
asphalt uniformly applied at the rate of approximately 500 gallons per acre or a sluny 
consisting of a minimum of 150 pounds of binder, 400 pounds of wood fiber mulch, and 
700 gallons of water per acre. 

MANTENANCE REOIDREMENTS 

Maintenance requirements will vmy greatly based upon the type of mul~h used and the type 
of vegetation to be established. Mulches are not usually intended to be permanent; but are 
extended only as a base for re-seeding or revegetation. Where a permanent anchor for 
vegetation is required, along steep siopes or areas of higher velocity flows, then a geotextile 
mat or net is recommended. 

1 Ton Per Acre 
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DESCRIPTION 

Protection of desirable trees from mechanical and other injury while the land is being 
developed 

PURPOSE 

To employ the necessary protective measures to insure the survival of desirable trees for 
shade, beautification. and vegetative cover. 

CONDITIONS WHERE PRACTICE APPLIES 

.! Perimeter control 
_ Slope protection 
_ Sediment trapping 
.! Drainageway & stream protection 
_ Temporary stabilization 
~ Pennanent stabilization & exposure limits 
_ Non-sediment poliution control appropriate 

APPROPRIATE APPLJC~TIONS 

Criteria for deciding upon the trees to remain on site: 

Aesthetic values: Foliage, crovvn characteristics, texture. 
Freedom from disease and rot · 
Life span of trees: Some are considered short-lived trees. 
Environmental values: Habitat; screening; and buffers. 
Space needed: For future growth and relationship to structures, utilities, driveways 
and ·streets. 

EFFECfiVENESS: 

Mature trees have extensive root systems that help to hold soil in place thus reducing 
erosion. 

ADVANTAGES: 

Saving existing mature trees on site beautifies the area and saves money by limiting the 
number of new trees required to be planted. 

PROTECTION OF 
TREES/NATURAL AREA 

IN CONSTRUCTION AREAS 
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PRO AREA 

LIMITATIONS 

Tree protection can be implemented on most construction projects where trees are present. 
For sites with diverse topography, it is often difficuJt and expensive to save existing trees 
while grading the site satisfactorily for the planned development.. 

PLANNING CONSJDERA TIONS 

Methods for protecting existing trees: 
• Stake off root system limits (drip line of tree). 
• Fence off tree along the drip line. 
• Flag or mark trees to remain in place. 
• Tree wells and retaining walls (permanent). 

DESIGN & SIZING CRITERIA 

Protecting existing trees with "Tree Wells." The work under this item shall consist of the 
materials required to construct tree wells as necessary based upon long term protection 
requireme11ts and as shown on landscape plans (see Tree Well Detail on sheet d of this 
exhibit). 

Rock Mulch 

Rock mulch shall be in accordance with the foJJowing gradation: 

Sieve Size 
3 inch 
2inch 
1.5 inch 

Wall Construction Rocks 

Percent Passinc 
75-100 
25-75 
0-25 

The rock shall be clean, durable, free from segregations, seams, cracks and other structural 
defects or imperfections as approved by the Engineer, and shall meet the following 
gradation: 

Sieve Size 
12 inch 
8 inch 
6inch 

PROTECTION OF 
TREES/NATURAL AREA 

IN CONSTRUCTION AREAS 

DEC 1994 

Percent Passing 
75-100 
25-75 
0-25 
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Mortar shall consist of one part portland cement and two parts fine aggregate by volume. 
Hydrated lime shall conform to the requirements of ASTM C-207, Type N, to the extent of 
1 00/o by volume of cement, may be added to the mortar. Hydrated lime shall be treated as an 
additive and not a replacement for cement. 

MAINTENANCE REQUIREMENTS 

Maintenance requirements are low. During construction the limits of grading or disturbance 
should be clearly marked at aJJ times. Irrigation or maintenance of native trees or vegetation 
should confonn to specifications on the Landscape Plan. 

~) 
\ 
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FROM BASE OF TREE TO BASE OF WALL 
PLUS 2 Fl •• t.ON. . 
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DESCRIPTION 

A section of rock protection placed at the outlet end of culverts, tonduits or channels. 
Grouted riprap and concrete rubble are also used for pipe outlet stabilization. 

' 

PURPOSE 

The purpose of the rock outlet protection is to reduce the velocity, and energy of water, such 
that the flow will not erode the receiving downstream reach. 

CONDITIONS WHERE PRACIJCE APPLIES 

_ Perimeter control 
_ Slope protection 
_ Sediri:lent trapping 
~ Drainagew~ & stream protection 
~ Temponuy stabilization 
_ Permanent stabilization & exposme limits 
_ Non-sediment pollution control appropriate 

APPROPRIATE APPLICATIONS 

This pr:actice applies where discharge velocities and energies at (he outlets of culverts, 
conduits or channels are sufficient to erode the next downstream reach. 

Rock outlet protection is usually less expensive and easier to install than concrete aprons or 
energy dissipators. It also serves to trap sediment and reduce flow velocities. Rock size 
s~ould be increased for·high velocity flows. 

LIMITATIONS 

Rock outlet pr~tection may need continual maintenance betause large storms often wash 
away the stone and leave the area susceptible to erosion. Grouted or wire-tied rock riprap 
can minimize maintenance requirements. 

ROCK OUTLET 
PROTECfiON 

-------~ ... ··· -------~ Elltibit M-14a 
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PLANNING CONSIDERATIONS 

Rock outlet protection is effective when the rock is sized and placed properly. When this is 
accomplished, rock outlets do much to limit erosion at pipe outlets. If runoff is 
sediment-laden, a sediment trap below the pipe outlet is recommended. 

Permanent rock riprap protection should be designed and sized by the engineer as part of 
the culvert, conduit or channel design. 

DESIGN & SIZING CRITERIA 

General recommendations for rocksize and length of outlet protection mat shown in the 
rock outlet protection figure. Best rCsults are obtained when sound, durable, angular rock is 
used. 

MAINTENANCE 

Inspect monthly and after each rainfall. Replace rocks as needed. 

• 

ROCK 

ROCK OUTLET 
PROTECTION 
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L11 • LENGTH OF' APRON 
do • INSIDE .PIPE DIAMETER 

SECTION A-A 

PIPE OUTLET TO FLAT AREA 
WITH NO DEFINED CHANNEL 

··;~ . ~1 
SECTION B-B 

PIP£ OUTLET TO WELL-DEFINED CHANNEL 

lmm 
L APRON LNNG UAY BE 

RIPRAP. GROUTED RIPRAP. 
OR CONCRETE. 

PIPE AVERAGE La 
SIZE ROCK DIA. 

12~. ·~ 12. 

JS• 10• 18' 

11. 12 .. 2f 

zr JS• u.· 
24·· JS• 30. 

3. 1111 • LS TIMES THE MAXJMUU 
STONE DIAUETER BUT NOT lESS 
THAN C INCHES. 

PIPE OUTLET CONQITIONS · 

ROCK OUTLET 
PROTECITON 
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DESCRIPTION 

A temporary beim constructed of stacked sandbags installed across a channel or right of 
way in a developing. 

PURPOSE 

The purpose of a sandbag berm is to intercept sediment-laden water from disturbed areas. 

CONDITIONS WHERE PRACTICE APPLIES 

~ Perimeter control 
_ Slope protection 
~ Sediment trapping 
_ Drainageway & stream protection 
_ Tempormy stabilization 
_ Peimanent stabilization & exposure limits 
_Non-sediment pollution control appropriate 

APPROPRIATE APPLICATIONS 

Sandbag beimS may be used during construction activities in stream beds and utility 
construction in channels, temporary channel crossing for construction equipment, etc. 
Sandbag benns may also be installed parallel to roadway construction. Sandbag berms may 
also be used to create temporary sediment traps, retention basins and in place of straw bales 
or silt fences. Examples of applications include: 

• Check dams across stream channels. 
• Barrier for utility trenches or other construction in a stream channel. 
• Temporary channel crossing. 
• Barrier on a slope in place of straw bales or silt fences. 
• Direct or divert flow. · 
• Create temporary sediment basin or retention basin. 
• Near the toe of slopes. 
• At construction perimeter. 

S.B.B. 
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+ Advantages: 

• Provides a semi-permeable barrier in potentially 'Yet areas. 
• More permanent than silt fences or straw bales. 
• Allows for easy relocation on site to meet changing needs during construction. 

LIMITATIONS 

Use should be restricted to construction of )ow benns I 8 inches or less. 

PLANNING CONSIDERATIONS 

Sandbag berms are appropriate to use when construction of check dams or smnps in a 
stream is undesirable. The sandbag berms can provide the same function as a check dam 
without disturbing the stream or vegetation. The sandbag benn will also allow a small 
sediment retention area to be created prior to construction of final detention basins. 

DESIGN & SIZING CRITERIA 

For instaJlation of a sandbag berm, the foJJowing criteria shall be observed. 

• Drainage Area - Less than I 0 acres. 
• Height of Berm- 24 inches maximum height, measured from the top ofthe existing 

ground at the upslope toe to the top ofbenn. · 
• Width ofBerm- 48 inches mfuimwn width measured at the bottom of the berm; 18 

inches at the top. . . 
• Sandbag Size- Length 24 to 30 inches, width 16 to 18 inches and thickness six (6) 

to eight (8) inches. Weight 90 to 125 pounds. 
• Sandbag Material - Polypropylene, polyethylene or polyamide woven fabric, 

minimum unit weight four ounces per square yard, mullen burst strength exceeding 
300 psi and ultraviolet stability exceeding 70 percent. 

• Grade of Sand- Coarse sand, gravel. 
• Runoff water shall flow over the tops of the sandbags or thrOugh four (4) inch 

pipes embedded below the top layer of bags. 

S.B.B. 
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MAINTENANCE REQUIREMENTS 

• · The sandbag benn shall be inspected after each rain. The sandbags shall be 
reshaped or replaced as needed dwing inspection. Additional inspections shall be 
made daily by the responsible party. 

• When silt depth reaches 6", remove and properly dispose of accwnulated 
sediments. 

S.B.B. 
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48" MIN 48,. MIN 

CROSS-SECTION ; 

WOVEN FABRIC SANDBAG FLLEO WITH 
COARSE SAND-MIN WEIGHT 40 LBS. 

4" PVC PIPE FOR DRAINAGE 
DEPENDING ON FIELD CONDITIONS 

24'" MIN 

ERONT Y!EW 

SANDBAG BERM 

S.B.B. 
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SED. BASIN 

DESCRIPTION 

A temporary basin with a controJled stonn water release structure fonned by constructing 
an embanlanent of compacted soil across a drainageway, or other suitable locations. 

PURPOSE 

To collect and store sediment :from sites cleared and/or graded during construction or for 
extended periods of time before reestablishment ofpennanent vegetation and/or 
construction of structures. It is intended to help prevent damaging erosion on the site which 
results in silt-laden runoff The basin is a temporary measure (with a design life less than 1 
year) and is to be maintained until the site area is pennanently protected against erosion or a 
pennanent detention basin is constructed. 

CONDITIONS WHERE PRACTiCE APPLIES 

_ Perimeter control 
_ Slope protection 
.! Sediment trapping 
_ Drainageway & stream protection 

. _Temporary stabilization 
_ Pennanent stabilization & exposure limits 
_Non-sediment pollution control appropriate 

APPROPRIATE APPLICATIONS 

Sedimentation basins are suitable for nearly all types of construction projects. Basins 
should be located at the stonnwater outlet from the site, A typical application would include 
temporary dikes (bemtS) and/or channel to divert runoff to the basin inlet. 

Many development projects will be required to provide a stonn water detention basin which 
may be easily adapted to service as a sedimentation pond. 

LIMITATIONS 

Sediment basins and ponds must be installed only within the property limits where failure of 
the structure would not result in loss of life, damage to homes or buildings, or interruption 
of use or service of public roads or utilities. Also, sediment basins and ponds are attractive 
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to children and can be very dangerous. Local ordinances regarding health and safety must be 
adhered to. If fencing of the pond is required, the type of fence and its location shaU be 
shown on the SWMP. ' 

• Generally temporary sedimentation basins are for disturbed upstream drainage 
areas of I 0 acres or more. 

• Because of additional detention time, sediment ponds may be capable of trapping 
smaller sediment particles than traps. However, they are most effective when used 
in conjunction with other BMPs such as seeding or mulching. 

• Ponds may become an "attractive nuisance" and care must be taken to adhere to aU · 
safety practices. 

• Sediment ponds are only practicaUy effective in removing sediment down to about 
the medium silt size fraction. Sediment-laden runoff with smaller size fractions 
(fine silt and clay) wiU pass through untreated emphasizing the need to control 
erosion to the maximum extent first 

PLANNING CONSJDERA TJONS 

+ Effectiveness 

• Sediment basins are at best only 70-80 percent effective in trapping sediment 
which flows into them. Therefore, they should be'used in conjunction with erosion 
control practices such as temporary seeding, mulching, diversion dikes, etc. to 
reduce the amotmt of sediment flowing into the basin. 

• Whenever possible, construct the sedimentation basins before clearing and grading 
work begins. 

+ Location· 

• To improve the effectiveness of the basin, it should be located so as to intercept the 
largest possible amount of runoff ftom the disturbed area The best locations are 
generaUy low areas below disturbed areas. Drainage into the basin can be improved 
by the use of diversion dikes and ditches. The basin must not be located in a stream 
but should be located to trap sediment-laden runoff before it enters the stream. The 
basin should not be located where its failure would result in the loss of life or 
interruption of the use or service of public utilities or roads. 
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+ DESIGN & SIZING CRITERIA 

The sediment basin may be fonned by partial excavation and/or by construction of a 
compacted embankment. It may have one or more inflow points carrying polluted runoff. 
Bafiles to sprea~ the flow throughout the basin should be included. A securely anchored 
riser pipe is the principal discharge mechanism along with an emergency overflow spillway. 
The riser pipe shall be solid with two l-inch diameter dewatering holes located at the top of 
the sediment storage volume on opposite sides of the riser pipe as shown in the attached 
Figure. Outlet protection is provided to reduce erosion at the pipe outlet. 

• The sediment pond volume is the sum of the sediment storage (1 foot in depth) plus 
a settling volume of2 to 4 feet in depth. The total volwne is 3,6QO cubic feet per 
acre of upstream disturbed soil for a sediment basin. 

Computinc the settlinc zone volume; The settling zone volume may be approximated by 
assuming a 2 foot depth above the sediment storage volume and extending the 3: 1 side 
slopes as necessary, or by computing the precise volume as outlined below. The maximum 
settling zone depth shall be 4 feet. 

Pond surface area: 

The settling zone volume is determined by the pond surface area which is computed 
using the following equation: (SA) = 1.2~ IV SED 

Provide a minimum of 3600 cubic feet total volume per acre of drainage. 

The settling velocity of the design soil particle which is mediwn silt (0.02 mm) has_ a 
settling velocity (V SED) Of 0.00096 ftlsec. As a rule it will not be necessary to use a 
particle size ofless than 0.02 mm for a temporary sediment basin. Note that in 
choosing V SED of 0.00096 ftlsec the surface area equates to a surface area (SA) of 1250 
sq. ft. per cfs of inflow. 

Settling depth (SD) should not be less than 2 feet and is also governed by the sediment 
storage volwne surface area and relationship to the basin length (L). The basin length is 
defined as the average distance from the inlet to the outlet of the pond. 

The ratio ofUSD should be Jess than 200. 
The settling volwne is therefore the surface area (SA) times (SD), required settling 
depth. 
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To complete the design of the sediment pond: 

Total sediment pond volume and dimension are detennined as outlined below: , 

a The details shown in the attached figure may be useful in designing the 
sediment pond. 

b. Detennine pond geometry for the sediment storage volume calculated above using 
3 feet in depth and 3: I side slopes from the bottom of the basin. Note, the basin 
bottom is level. 

c. Extend the pond side slopes (at 3:1 max.) as necessmy to obtain the settling zone 
volwne at 2 foot depth minimum or as determined above. 

d Adjust the geometry of the basin to effectively combine the settling zone volume 
and sediment storage volumes while preserving the depth and side slope criteria. 

e. Provide an emergency spil1way with a crest elevation I foot above the top of the 
riser pipe. 

f. Provide baffles to prevent short-circuiting A 6:1 aspect ratio between the basin 
length and width of the pond is desirable. 

MAINTENANCE REQIDJWMENTS 

Inspections should be made regu]arJy, especially after each stonn event of 0.5 inches or 
more. Sediment should be removed when it fills one half of the pond's total sediment 
storage area The effectiveness of a sediment pond is based less on its size than on regular 
sediment remaval. 

SEDJM.tNT BASIN 8~ >·s·~· ~ 8 Exhibit M-16d 

Symbol 

DEC 1994 

il 

" ii 
II 
ll 
I 
! 
i 

1 
I 

I 
I 
I 

I 
! 
I 
I 

I 
I 
I 
i 

i 



·) • 

I 
I 

\ 
I 
\ 
\ 

) 
I 
I 
I 
\ 
\ 
\ 
\ 
\ 

i SEDIMENTBASIN 

DEC 1994 

SED. BASIN 

8: :T.S.~. : 8 Exhibit M-16e 

Symbol 

M-83 

.i 

. ! 
I 

'i 
'' : j 

il 
!I 
l! ! ~ 

ll ,, 
II 
l! 

II li 

l 
l 

I 



. SED. TRAP 

M-84 

DESCRIPTION 

A small temporary ponding area, with a gravel outJet, formed by excavation and/or by 
constructing an earthen embankment. 

PURPOSE 

To collect and store sediment from sites cleared and/or graded during construction. It is 
intended for use on relatively small building areas, with no unusual drainage features, and 
projected quick build-out time. It should help in reducing silt-laden runoff The trap is a 
temporarv measure (with a design life of approximately 6 months) and is to be maintained 
until the site area is permanentJy protected against erosion by vegetation and/or structures. 

CONDITIONS WDEREPRACQCE APPLIES 

_ Perimeter control 
_ Slope protection 
.!. Sediment trapping 
_ Drainageway & stream protection 
_ Tempormy stabilization 
_ Permanent stabilization & exposure limits 
_Non-sediment pollution control appropriate 

APPROPRIATE APPLICATIONS 

Proposed building sites where the tributary drainage area is less than 10 acres. Typically 
installed in a drainageway and/or point of discharge from a disturbed area 

LIMITATIONS 

1. Serves only limited areas. 

2. Sediment traps are only practically effective in removing sediment down to about 
the medium silt size fraction. Runoff with sediment of finer grades (fine silt and 
clay) will pass through untreated, emphasizing the need to control erosion to the 
maximum extent first. 
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PLANNING CONSIDERATIONS 

Sediment traps shou1d be used only for small drainage areas. If the contributing drainage 
area is greater than I 0 acres, refer to Sediment Basins, or subdivide the catclunent area into 
smaller drainag~ basins. 

Sediment must be removed from the trap after each·rainfall event Plans shall detail how this 
sediment is to be disposed of: such as by use in fill areas onsite, or removal to an approved 
off-site dump. Sediment traps, along with other perimeter controls, shall be installed before 
any land disturbance takes place in the drainage area. 

Sediment traps and ponds must be installed only on sites where failure of the structure 
wou1d not result in loss of life, damage to home or buildings, or interruption of use of or 
service public roads or utilities. Also, sediment traps and ponds are attractive to children 
and can be dangerous. The following recommendations should be implemented to reduce 
risks. 

1. Install continuous fencing around the sediment trap or pond. Consu1t local ordinances 
regarding requirements for maintaining health and safety. 

2. Restrict basin side slopes to 3: I or flatter (tempormy basin). 

DESIGN & SIZING CRITERIA 

The sediment trap may be fonned completely by excavation or by construction of a 
compacted embankment. It shall have a I.5 foot deep sump for sediment storage. The outlet 
shall be a weir/spillway section, with the area below the weir acting as a filter for sediment 
and the upper area as the overflow spillway depth. 

The effectiveness of sediment traps is directly related to the size of the trap. fu Maricopa 
County the recommended sediment trap size is 3600 cubic feet per acre of disturbed 
upstream drainage area for drainage areas of I 0 acres or less. This roughly equates to a trap 
volume necessary to pond the precipitation from a 1 inch rain event. 

After determining the necessary volume, size the trap by adding an additional I Y2 _feet for 
sediment accumulation to the volume computed 
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To complete the design of the temporruy sediment trap: 

a. Calculate required trap volwne 
Required Volume= 3600 cubic feet per acre 

b. A 3: I or flatter aspect ratio between the trap length and width of the trap is 
desirable. Length is defmed as the average distance from the inlet to the outlet of 
the trap. 

c. Detennine the bottom and top surface area of the sediment storage volume to be 
pcovided using I feet in depth for sediment storage, 2 feet settling depth and 3: 1 · 
side slopes from the bottom of the trap. Note the trap bottom shouJd be level. 

d. Detennine the total trap dimensions by adding the depth required for the 2-year, 
24-hour design storm above the surface of the sediment storage volume, while not 
exceeding 3:1 side slopes (see attached figure). 
Required Depth= 3I Y: feet" (2 feet settling depth and I Y: feet sediment storage) 

MAINTENANCE REQUIREMENTS 

The key to having a functional sediment trap is continual monitoring and n;gylm: 
maintenance. The size of the trap is Jess important to its effectiveness than is regular 
sediment removal. Sediment shou1d be removed from the trap when it reaches 
approximately one foot in depth (assuming a 1.5 foot sediinent accumulation depth. 
Regular monthly inspections shouJd be done and additional inspections made after each 
large runoff-producing stomt 
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DESCRIPTION 

A temporary sediment barrier consisting of a filter fabric stretched across and attached to 
supporting posts, entrenched, and, depending upon the strength of the fabric used, with wire 
fence for support. 

PURPOSE 

I. To intercept and detain small amounts of sediment from disturbed areas during 
construction operations in order to prevent sediment from leaving the site. 

2. To decrease the velocity of sheet flows and low-to-moderate level channel flows. 

CONDITIONS WHERE PRACIJCE APPLIES 

! Perimeter control 
_ Slope protection 
! Sediment trapping 
_ Drainageway & stream protection 
_ Tempormy stabilization 
_ Pennanent stabilization & exposure limits 
_Non-sediment pollution control appropriate 

APPROPRIATE APPLICATIONS 

Filter fences must be provided just upstream of the point(s) of discharge of runoff from a 
site, before the flow becomes concentrated. They may also be used 

1. Below disturbed areas where runoff may occur in the fonn of sheet and rill erosion; 
wherever runoff has the potential to impact downstream resources. 

2. Perpendicular to minor swales or ditch lines for up to one acre contributing drainage 
areas. 

Not intended for use in detaining concentrated flows. 

Synthetic fabric filter fences are only applicable for sheet or overland flows and not the 
volumes of water in concentrated flows. 
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LIMITATIONS 

• Filter fences will create a temporary sedimentation pond on the upstream side of the 
fence which may cause temporary flooding. FenCes not constructed on a level 
contour will be overtopped by concentrated flow resulting in failure of the filter 
fence. 

• Filter fences are not practicaJ where large flows of water are involved, hence the 
need to restrict their use to drainage areas of one acre or less, and flow rates of less 
than 0.5 cfs. 

• Problems may arise .from incorrect selection of pore size and/or improper 
installation. 

• Do not allow water depth to exceed 1.5 feet at any point. 
• Improperly installed fences are subject to failure from undercutting, overtopping, or 

collapsing; 

PLANNING CONSIDERATIONS 

Laboratory work at the Virginia Highway and Transportation Research Council has shown 
,>") 

~~~.il~~~~:~C:!;!e~=:~~ ~~:a!e~=:e:=::~. ::!:e:; :~~ L . 
rate of silt fences is lower than that of straw barrierS, there are many instances locally in 't 

which silt fences have been improperly installed. The installation methods outlined here can 
improve performance. · 

• Construct along a level contour. 
• Silt fences should remain in place until the disturbed area is pennanently stabilized. 
• Provide sufficient room for sediment removal equipment between the silt fence and 

toes of slopes or other obstructions. 
• The ends of the filter fence should be turned uphill to prevent stonnwater from 

flowing around the fence. 
• Provide an undisturbed or stabilized outlet suitable for sheet flow. 
• Do not construct in live streams or intermittently flowing channels. 

DESIGN & SIZING CRITERIA 

• Upstream drainage area limited to I acre or less when used alone or in combination 
with sediment basin in a larger site. 
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• Maximum slope steepness perpendicuJar to fence line, 1: I . 

• Maximum sheet or overland flow path length to the fence <_ I 00 feet. 

• No con9Clltrated flows greater than 0.5 cfs . 

Selection of a filter fabric is based on soil conditions at the co~truction site (which affect 
the equivalent opening size (EOS) fabric specification) and characteristics of the support 
fence (which affect the choice of tensile strength). The designer shall specify a filter fabric 

·that retains the soil found on the construction site yet wiJJ have openings large enough to 
permit drainage and prevent clogging. The following criteria is recommended for selection 
of the equivalent opening size: 

I. If 50 percent or less of the soil, by weight, will pass the U.S: standard sieve No. 200, 
select the EOS to retain 85 percent of the soil. The EOS should not be fmer than EOS 
70. 

2. For all other soil types, the EOS should be no larger than the openings in the U.S. 
Standard Sieve No. 70 [0.0083 in. (0.21 mm.)] except where direct discharge to a 
stream, lake, or wetland will occur, then the EOS shall be no larger than Standard Sieve 
No. 100. · 

To reduce the chance of clogging, it is preferable to specify a fabric with openings as large 
as allowed by the criteria No fabric should be specified with an EOS smaller than U.S. 
Staridard Sieve No. 100 [0.0059 in. (0.15 mm.)]. lf85 percent or more of a soil, by weight, 
passes through the openings in a No. 200 sieve [0.0029 in. (0.074 mm.)], filter fabric shall 
not be used. Most of the particles in such a soil would not be retained if the EOS was-too 
large, and they would clog the fabric quickly if the EOS was small enough to capture the 
soil. 

Selection of fabric tensile strength and bursting strength characteristics shall be supported 
with wire mesh in and as recommended by the fabric manufacturer. Filter fabric material 
shall contain ultraviolet ray inhibitors and stabilizers to provide a minimum of six months 
of expected usable life at a temperature range of oo F. to 120° F: 

+ Typical Installation: 

DEC 1994 

Filter fences are to be constructed on a level contour to maximize the available 
pondi.ng area and prevent concentration of flow against the fence. 
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a Posts shall be spaced a maxirnwn of 6 feet apart and driven securely into the 
ground a minimwn of30 inches. 

b. A trench shall be excavated approximately 8 inches wide and 12 inches deep along 
the line of posts and upslope from the banier. 

c. When standard strength filter fabric is used, a wire mesh support fence shall be 
fastened securely to the upslope side of the postS using heavy-duty wire staples at 
least 1- inch long, tie wires or hog rings. The wire shall extend into the trench a 
minimum of 4 inches. 

d The standard strength filter fabric shall be stapled or wired to the fence, and 20 
inches of the fabric shall extend into the trench. When extra-strength filter fabric 
and closer post spacing are used, the wire mesh support fence may be eliminated 
and the filter fabric stapled or wired directly to the posts. 

e. The use of joints should be avoided. When joints are necessmy, filter cloth shall be 
spliced together only at a support post, with a minimwn 6 inch overlap and both 
ends securely fastened to the post. 

f. The trench shaiJ be backfiiJed with 3/4-inch minimwn diameter washed gravel or 
compacted native material. 

MAINTENANCE REOIDREMENTS 

Inspect monthJy during dry periods and immediate]y after each rainfall. Repair as necessmy. 
Sediment must be removed when it reaches approximate]y one third the height of the fence, 
especially ifheavyrains are expected. 

Filter fences should not be removed until the upslope area has been pennanently stabilized. 
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DESCRIPTION 

A temporary pipe or chute drain placed from the top of a slope to the bottom of a slope. 

PURPOSE 

The purpose of the structure is to convey concentrated runoff down slopes without causing 
erosiOn. 

CONDITIONS WHERE PRACfiCE APPLIES 

_ Perimeter control 
~ Slope proteCtion 
_ Sediment trapping 
_ Drainageway & stream protection 
_ Temporruy stabilization 
_Permanent stabilization & exposure limits 
_Non-sediment pollution control appropriate 

APPROPRIATE APPLICATIONS 

Pipe and chute slope drains are used where concentrated flow of surface runoff must be 
conveyed down a slope in order to prevent erosion. Typically used in conjWiction with top 
of slope diversion dikes or swales. May also be used as an emergency spiJiway for a 
sediment basin. · 

LIMITATIONS 

Maximum drainage area per pipe slope drain is 5 acres. For large areas use a paved chute, 
rock lined channel, or additional pipes or chutes~ 

• During large storms slope drains may become clogged or overcharged, resulting in 
increased slope erosion. 

• Also, dissipation of high flow velocities at the pipe outlet is required to avoid 
downstream erosion. 

• Failure of this type of temporary structure can result in flooding and severe erosion. 

SLOPE DRAIN Exhibit M-19a 
S.D. .... 

Symbol 

DEC 1994 

((--) 
f"'---'• 

' 



SLOPE 

PLANNING CONSIDERATIONS 

Slope drains are highly effective in eliminating slope erosion because water is not allowed 
to flow directly on the slope. 

• Slope drains allow no chance of erosion down a slope because all flow is confmed 
to erosion resistant conveyance facilities. 

• Slope drains are easy to install and require little maintenance. 

DESIGN & SIZING CRITERIA 

Tempormy pipe slope drains shall not be sized smaller than as shown in t,Jle following table: 

MINIMUM 
PIPE DIAMETER 

12" 
18" 
21" 
24" 
30" 

MAXIMUM UPSTREAM 
DRAINAGE AREA <ACRES) 

0.5 
1.5 
2.5 
3.5 
5.0 

The entrance shall consist of a standard flared end section for culverts 12 inches and larger 
with a minimum 6-inch metal toe plate to prevent runoff from Widercutting the pipe inlet. 
The slope of the entrance shall be at least 3 percent. The soil aroWid and under the pipe and 
entrance section shall be thoroughly compacted. The flared inlet section shall be securely 
connected to the slope drain and have watertight connecting bands. 

Slope drain sections shall be securely fastened together and anchored to the soil, and be 
waterproof. 

Interceptor dikes shall be used to direct runoff into a slope drain. The height of the dike 
shall be at least 1 foot higher at all points than the top of the inlet pipe or chute. 

The area below the outlet must be stabilized with a riprap apron per attached construction 
drawings. 

If the slope drain is conveying sediment-laden water, direct all flows into a sediment 
trapping facility. 
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MAINTENANCE REOIDREMENTS 

Check inlet and outlet points regularly, and especially after heavy stonns. The inlet should 
be free of undercutting, and no water should be going around the point of entry. If there are 
problems, the headwall should be reinforced with compacted earth or sand bags. The outlet 
point should be free of erosion and installed with appropriate outlet protection. 
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DIA STONE PLACED 14S SHOWN. 
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DESCRIPTION 

The routine collection and regular disposal of accumulated solid waste generated at the 
construction site. 

PURPOSE 

Solid waste is one of the major pollutants caused by construction Construction debris is 
solid waste generated :from trees and shrubs removed during land clearing, demolition of 
existing structures, and the installation of structures. Other waste products include wood 
and paper :from packaging and building materials, scrap metals, sanitmy wastes, rubber, 
plastic and glass pieces, masomy products, and others. Domestic waste products include 
food containers such as beverage canS, coffee cups, lunch-wrapping paper and plastic 
wrappers. 

CONDITIONS WHERE PRACJJCE APPLIES 

_Perimeter control 
_ Slope protection 
_ Sediment trapping 
_ Drainageway & stream protection 
_ Temponuy stabilization 
_ Permanent stabilization & exposure limits 
! Non-sediment pollution control 

APPROPRIATE APPLICATIONS 

Proper solid waste management is applicable to aU constuction activities. Care should be 
taken to ensure that toxic wastes and construction chemicals are not disposed of in 
dumpster desi~ated for clean construction debris or domestic waste. 

SOLID WASTE 
MANAGEMENT 
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:PLANNING CONSIDERATIONS 

The major control mechanism for these pollutants is to provide adequate disposal facilities. 
Collected solid waste should be removed and disposed of at authorized disposal areas on a 
regular basis. Sanitmy facilities must be convenient and well maintained to avoid 
indiscriminate soiling of adjacent areas. . 

A contingency plan should be developed in case toxic or hazardous materials are found 
on-site. 

DESIGN & SIZING CRITERIA 

Solid Waste Management Plan must consider volume of construction debris based upon 
area to be graded, materials to be removed and materials generated during construction. 
The Solid Waste Management Plan must also consider the number of employees on site. 
Disposal for all construction debris and all domestic garbage must be coordinated with the 
local jurisdiction and disposed of in an appropriate solid waste management facility 
permitted for the type of waste materials. 

MAINTENANCE REQUIREMENTS 

Collection of on site trash should be done on a regular basis. Trash container and dumpsters 
should be maintained on an as needed basis. Where possible provide cover for dumpsters 
and waste containers to prevent the entiy of rainwater, and loss of contents by high winds. 

Have a contingency plan in place should hazardous or toxic materials be discovered. 

SOLID WASTE 
MANAGEMENT 
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r-SP_I_L_L ____________________ ____, \ 

DESCRJPTION 

An emergency plan to contain spills of dangerous, hazardous, or toxic wastes which 
mitigates environmental damage and provides prompt notice to proper authorities. , 

PIJRPOSE 

The Spill Prevention Plan should include measures to limit the scope of the spill and 
minimize environmental damage. 

CONDITIONS WHERE PRACllCE APPLIES 

_ Perimeter control 
_ Slope protection 
_ Sediment trapping 
_ Drainageway & stream protection 
_ Temporary stabilization 
_ Permanent stabilization & exposure limits 
!. Non-seQjment pollution control 

APPROPRIATE APPLICATIONS 

This practice is applicable to all construction sites. Those sites located near natural 
watercourses, canals, and reservoirs are at highest risk of an m1contained spill 
contaminating surface waters. 

LIMITATIONS 

This plan deals with emergency spill response. Proper storage, use, and disposal of 
dangerous, hazardous, and toxic-wastes should be observed at all times to minimize the 
potential for a spill. 

PLANNING CONSIDERATIONS 

The construction site management team should develop the spill prevention plan and ensme 
that the plan is commwlicated to all field personnel. · 

All sp)Us regardless of size and/or type of spill should be reported to the proper agencies. 

SPILL CONTAINMENT 
PLAN 
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If a hazardous material spill could reach surface water, the contractor must also contact the 
''National Response Center" at 1-800 424-8802 (24 hr.). 

DESIGN & SIZING CRITERIA 

Identify the t.ypCs of hazardous materials which may be used on the project and develop a 
strategy to stop leaks at the source of the spill. Develop a strategy to contain the materials 
already spilied using avajlable materials and equipment 

Contact local Fire Marshal) to review the accuracy and adequacy of your spill containment 
plan. Request Fire Marshall to review on-site storage areas to detennine specific 
requirements and appropriate containment techniques. 

MAINTENANCE REQUIREMENTS 

- Comply with suggestions and requirements set by local Fire Department 
- Update spill contairiment plan during the course of construction as changes occur in the 

types of chemicals being stored. 
- If a spili occurs follow proper procedure as required in the Spill Containment Plan. 

Dispose of materials per agency or manufacturer's instruction. 

SPILL 
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~ST_O_R--------------------------------------~~ 

DESCRIPTION 

Provide covered storage areas for construction materials. Create a spiJI proof perimeter 
around the storage area. ' 

PURPOSE: 

Rain can wash poiJutants from improperly stored materials into local drainage systems. By 
properly covering and stOring chemicals, materials, and waste containers so that they are 
protected .from rainwater, non-sediment pollution of stonnwater can be reduced 

CONDITIONS WHERE PRACTICE APPLIES 

_ Perimeter control 
_ Slope protection 
_ Sediment trapping 
_ Dramageway & stream protection 
_Temporary stabilization 
_ Pennanent stabilization & exposure limits 
,! Non-sediment poiJution control 

APPROPRIATE APPLICATIONS; 

Locate chemical storage areas away from low areas, drainageways and stream banks. 

PLANNING CONSIDERA TJONS; 

The best method for controlling chemical pollution is to provide adequate controls at the 
points of storage and use. The following recommendations are intended to prevent the 
contamination of on-site sediments. 

I. Store .chemical drums on an angle so that the top of the drum will shed rainwater. This 
will prevent contamination of the contents of the drum as well as reduce corrosion of 
the bottom of the drum 

2. Do not- store chemicals, drums and bagged materials directly on the ground. Where 
possible, cover stockpiled materials. 

3. . Provide spill containment dikes around chemical and fuel storage tanks. Line with 
plastic film to prevent soil contamination. 

STORAGE AREA OF 
CHEMICALS& 

MATERIALS Symbol 

S.A. 
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4. Wash up waters from water-based paints may go into a sanitary sewer. 

5. Dispose of oil-based paints,solvents, thinners, and mineral spirits through a 
licensed waste management firm 

6. Follow the recommendations of the manufacturer to dispose of construction 
chemicals such as curing compounds, fonn releases, etc. 

7. Try to keep chemical products in their original containers, and keep them well 
labeled. Use proper devices to transfer chemicals from one container to another. 

8. Follow manufacturers instructions regarding uses, protective equipment, 
ventilation, flammability, and mixing of chemicals. 

DESIGN AND SIZING CRITERIA: 

The contractor should contact the local Fire Marshall to review the site materials, chemicals 
and proposed storage area to determine specific requirements. See Flammable ·and 
Combustible Liquid Code, NFPA30. 

MAINTENANCE REOIDREMENTS: 

As specified by the local Fire Deparment, revisions may be necessary to the Protected 
Chemical and Materials Storage Area Plan during the course of construction based upon 
materials to be stored on site. 

If a spill occurs which equals or exceeds the reportable quantity (RQ) for a 24-hour period 
' as defined by the EPA in 40 CFR Part 110, 40 CFR Part 117, and 40 CFR Part 302, then: 

• Report spill to the National Response Center, 1-800-424-8802, within 24 hours. 
• Revise SWMP to show corrective actions. 
• Notify EPA within 14 days. 

STOR 

STORAGE AREA OF 
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~SD __ IN_L_E_T ____________________________________ ~·~· 

DESCRIPTION 

A sediment filter or an excavated impounding area around a stonn drain, drop inlet, or curb 
inlet. 

PURPOSE 

To prevent sediment from entering stonn drainage systems prior to permanent stabilization 
of the disturbed area. 

CONDITIONS WHERE PRACTICE APPLIES 

_Perimeter control 
_ Slope protection 
.! Sediment trapping 
.! Drainageway & stream protection 
_Temporary stabilization 
_ Pennanent stabilization & exposme limits 
_Non-sediment pollution control appropriate 

APPROPRIATE APPLICATIONS 

Where storm drain inlets are to be made operational before permanent stabilization of the 
distwbed drainage area. Different typeS of structures are applicable to different conditions: 

+ Advantages: 

• 1n1et protection prevents sediment from entering the stonn drain system and 
c1ogging it. 

LIMITATIONS 

• Ponding will.occur at the inlet with possible short term fJooding. 
• Curb inlets on slopes cannot be effectively protected because the stonnwater will 

bypass the inlet and continue downgrade. 
• Filter fabric fences are limited to storm drain inlets for small drainage areas of five 

acre or less. For larger drainage areas, smaller sediment catchment areas are 
recommended 

STORM DRAIN INLET 
PROTECTION 0 l.P. Exhibit M-23a 
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SDINLET 

PLANNING CONSIDERATIONS 

Where storm sewers are made operational before their drainage area is stabilized, or where 
construction is adjacent to an existing storm sewer, large amounts of sediment may enter the 
storm sewer system. In cases of extreme sediment loading, the storm sewer itself may clog 
and lose a major portion of its capacity. To avoid these problems, it is necessary to prevent 
sediment-from entering the system at the inlets. 

This practice contains several types of inlet filters and traps which have different 
applications dependent upon site conditions and .type of inlet. Other innovative techniques 
for accomplishing the same pwpose are encouraged, but only after specific plans and details 
are submitted to and approved by the local government. 

DESIGN & SIZING CRITERIA 

Reference is made to the details that follow for the various types of protection devices. 

MAINTENANCE REOUIREMENfS 

Inspections should be made on a regular basis, especially after large storm events. If the 
fabric becomes clogged, it should be replaced. Sediment should be removed when it reaches 
approximately one-half the height of the fence, gravel, or straw bales. If a sump is used, 
sediment should be removed when it fills approximately one-half the depth of the hole. 

STORM DRAIN INLET 
PROTECTION 
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SDINLET 

Stakes_~~'~ 

Filter Fabric._~M 
Water w· ... 4---. 

Sediment Flttered Water 

Washed Gr.wel---11--. 

Specific Application 
This method of inlet protection Is applicable where the Inlet drains a relatively flat area 
(slopes no $Jreater than 5 percent) Where sheet or overtand flows (not exceeding 0.5 
cis) are typical. The method shall not apply to inlets receiVing concentrated flowS, 
suCh as In street or highway medians. 

STRAW BALE DROP INLET SEDIMENT FILTER 

STORM DRAIN INLET 
PROTECfiON 
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SDINLET 

Specific Application 
This method of inlet protection Is applicable at curb Inlets where ponding in front of the 
&trueture is not likely to cause inconvenience or damage to adjacent structures and 
unprotected areas. 
Note: Ahemate design could utilize gravel filled bags. 

Wll'e Screen 
Gravel Filter 

-.-
(Graded Gravel with 1.5" max. aggregate size) 

Filtered Water 

This method of Inlet protection is applicable at curb inlets where an overflow capability 
is necessary to prevent excessive ponding in front of the structure. 

Note: Alternate design could utilize gravel filled bags. 

STORM DRAIN INLET 
PROTECTION 
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SDINLET 
~-------------------------------------------------------------------, 

Specific Application 

Drop Inlet 
with Grate 

Wwe Mesh 

This method of inlet protection ·Is applicable where heavy concentrated flows are 
expec1ed, but not where pondi"!P around the Slructure might cause excessive 
Inconvenience or damage to adJacent structures and unprotected areas. 

Note: AHemate design could utilize gravel-filled bags. 

STORM DRAIN INLET 
. PROTECTION 

I=li.P. Exhibit M-23e 

Symbol 

M-llO DEC 1994 

\-

.. 

0 ., 

l 

I 

I ,, 



Max. 

Sediment-Laden Runoff 

Stonn Water with 
Large Particles • 
Removed 

Specific Application 
This method of inlet protection is applicable where heavy flows are expected 
and where an overflow capability and ease of maintenance are desirable. 

SDINLET 

STORM DRAIN JNLET 
PROTECI'ION 
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STRAW \-r------------------------------------------------------------------, ' 

M-112 

DESCRIPTION 

A temporary barrier of straw bales or similar material used to intercept sediment laden 
runoff from small drainage areas of disturbed soil. 

PURPOSE 

The pwpose of a straw bale dike is to reduce runoff velocity and cause deposition of the 
transported sediment load. 

CONDITIONS WHERE PRAOJCE APPLIES 

.! Perimeter control 
_ Slope protection 
.! Sediment trapping 
_ Drainageway & stream protection 
_ Temporary stabilization 
_ Pennanent stabilization & exposure limits 
_Non-sediment pollution control appropriate 

APPROPRIATE APPLJCA TIONS 

The straw bale dike is used where there are no concentrations of water in a channel or 
drainage way, and where erosion would occur from sheet flow. These barriers are typically 
constructed, below disturbed areas subject to sheet flow of runoff to intercept and detain 
sediment. 

LIMftA TJONS 

• Straw bale dikes are not to be used for extended periods of time because they tend 
to rot and fall apart. 

• Suitable only for sheet flow· on slopes of2% or flatter. 
• Not appropriate for large drainage areas, limit to one aa:e or less. 
• Straw bales lose their effectiveness rapidly due to rotting, thus constant 

maintenance is required. 
• Not recommended for concentrated flow, channel flow, and live streams. 
• Bale bindings of jute or cotton not recommended 

S.B.B. 
STRAW BALE 

BARRIERS 
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STRAW 

PLANNING CONSIDERATIONS 
' 

When installed and maintained properly, straw bale dikes remove 
approximately 67% of the sediment transported in construction site runoff. This optimum 
efficiency can only be achieved through careful maintenance with special attention to 
replacing rotted or broken bales. Barrier should be constructed on a level contour to prevent 
concentration of flow against a small portion of the barrier. 

DESIGN & SIZING CRITERIA 

1. Bales shall be placed on the contour and in a row with ends tightly abutting the adjacent 
bales. 

2. Maximize ponding by locating barrier away from the toe-of-slopes. This also provides 
access for maintenance. 

3. Each bale shall be embedded in the soil a minimum of four inches and placed so the 
bindings are horizontal. Bindings placed on soil will soon disintegrate and cause the 
barrier to fail. 

4. Bales shall be securely anchored in place by either two stakes or re-bars driven through 
the bale. The first stake in each bale shall be driven toward the previously laid bale at 
an angle to force the bales together. Stakes shall be driven flush with $e bale. 

5. Bales shall be removed when they have served their usefulness so as not to block or 
impede storm flow or drainage. 

MAINTENANCE REQUIREMENTS 

Inspect monthly and after each rain event Remove and properly dispose of -
detained sediments when silt depth reaches 6". 

STRAW BALE 
BARRIERS 
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4• VERTICAL FACE 

• PROMOTES ON SITE SEDIMEHTAnOH 
BY CREAT1NG A TEMPORARY POND. 

BEODING OETAU. 

ANGLE FIRST STAKE TOWAR 
PREVJOUSL Y LAID BALE 

FLOW 

2 2•x2• STAKES I 1/2' TfJ 2' 
tl GROUND. DRIVE STAKES FLUSH 
WITH BALES. 

SUBSTITUTION OF STEEL BARS FOR 
WOODEN STAKES IS NOT RECOMMENDED DUE 
TO POTENTIAL FOR DAMAGING CONSTRUCTION EQUIPMENT 

ANCHORING PET AIL 

STRAW BALE BARRIERS 

S.B.B. 
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DESCRIPTION 

' 
Provision of a rough soil surface with horizontal depressions created by operating a tiller or 
other suitable equipment on the contour or by leaving slopes in a roughened condition by 
not fine grading them. 

PURPOSE 

To aid in establishment of vegetative cover, reduce runoff velocity, and increase infiltration, 
and provide for sediment trapping. 

CONDITIONS WHERE PRACTiCE APPLIES 

_Perimeter control 
~ Slope protection 
_ Sediment trapping 
~ Drainageway & stream protection 
.! Temporary stabilization 
_ Permanent stabilization & exposure limits 
_Non-sediment poJiution control appropriate 

APPROPRIATE APPLICATIONS 

Ali non-vegetated, erodible slopes steeper than 3:1, and greater than 5 vertical feet, require 
surface roughening, either stair-step grading, grooving, furrowing, or tracking if they are to 
be stabilized with vegetation. 

Surface roughening provides erosion protection on bare soil while vegetative cover is being 
established by slowing the runoff and aJiowing infiltration. 

It is an inexpensive and simple erosion control measure for roadway cut slopes. 

SURFACE 
ROUGHENJNG 
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SURF ,, ___ 
.----------------------------------------------------.~ 

M-116 

LIMITATIONS 

While this is a cheap and simple method of erosion control, it is of limited effectiveness in 
anything more than a moderate stonn 

PLANNING CONSIDERATIONS 

Graded areas with smooth, hard surfaces give a false impression of "finished grading" and a 
job well done. It is difficult to establish vegetation on such surfaces due to reduced water 
infiltration and the potential for erosion. Rough slope surfaces with uneven soil and rocks 
left in place may appear unattractive or unfinished at first, but they encourage water 
infiltration, speed the establishment of vegetation, and decreased runoff velocity. 

Rough, loose soil surfaces give lime, fertilizer, and seed some natural coverage. Niches in 
the surface provide microclimates which generally provide a cooler and more favorable 
moisture level than hard flat surfaces; this aids seed gennination. 

There are different methods for achieving a roughened soil surface on a slope, and the 
selection of an appropriate method depends upon the type of slope. Roughening methods 
include stair-step grading, grooving, and tracking. Factors to be considered in choosing a 
method are slope steepness, mowing requirements, and whether the slope is formed by 
cutting or filling. 

1. Disturbed areas which will not require mowing may be stair-step graded, grooved, or 
left rough after filling. 

2. Stair-step grading is particularly appropriate in soils containing large amounts of soft 
rock. Each "step" catches material which sloughs from above, and providctS a level site 
where vegetation can become established. Stairs should be wide enough tO work with 
standard earth moving equipment. 

SURFACE 
ROUGHENING ------~~~----------
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3. Areas which will be mowed (there areas should have slopes less than 3: I) may have 
small furroWs left by discing, harrowing, raking, or seed planting machinery operated 
on the contour. 

4. It is important to avoid excessive compacting of the soil surface when scarifYing. 
Tracking with bulldozer treads is preferable to not roughening at all, but is not as 
effective as other forms of roughening, as the soil surface is severely compacted and 
runoff is increased. 

DESIGN & SIZING CRITERIA 

Graded areas with slopes greater than 3: I but less than 2:1 should be roughened before 
seeding. This can be accomplished in a variety of ways, including "track walking," or 
driving a crawler tractor up and down the slope, in leaving a pattern of cleat imprints 
parallel to slope contours. 

Graded areas steeper than 2:1 should be stair-stepped with benches as shown in the 
attached figure. The stair-stepping will help vegetation become established and also trap 
soil eroded from the slopes above. 

MAINTENANCE REOIDREMENTS 

Areas which are to be re-vegetated in this manner should be seeded as quickly as possible. 

Regular inspections should be made of the area 

SURF 
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SURF t-) 
.-------------------------------------------------------------~ ' 

DEBRIS fROM SLOPE ABOVE ---.._ 
IS CAUGHT BY STEPS '-. 

WATER. SOIL. AND FERTILIZER 
ARE HELD BY STEPS - PLANTS 
CAN BECOME ESTABLISHED ON 
THE STEPS. 

GROOVING SLOPES 

STAIR-STEPPING CUT SLOPES ANQ GROOVING SLOPES 
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DESCRIPTION 

Trees, shrubs, vines, and ground covers can provide superior, low-maintenance, and 
long-term erosion protection. They are particularly useful for site aesthetics. 

PURPOSE 

Preserving and protecting trees can often result in a more stable and aesthetically pleasing 
development. Trees stabilize the soil and help prevent erosion, decrease stormwater runoff, 
moderate temperature, provide buffers and screens, filter pollutants from the air, supply 
oxyg~ provide habitat for wildlife, and increase property values. 

CQNDITIONS WHERE PBAcrJCE APPLIES 

_ Perimeter control 
! Slope protection 
_ Sediment trapping 
_ Drainageway & stream protection 
! Temporary stabilization 
! Permanent stabilization & exposure limits 
_Non-sediment pollution control appropriate 

APPLICATIONS 

1. On steep or rocky slopes, where mowing is not feasible. 

2. Where ornamentals are desirable for landscaping pwposes. 

3. Where woody plants are desirable for soil conservation or to establish wildlife habitats. 

Because many types of woody plants and ground covers are available, and because site 
conditions and land use vary so widely, this practice consists of a set of general guidelines 
for growing trees, shrubs, vines, and ground covers on disturbed land. Much of the 
information provided in this practice regarding trees also applies to shrubs. A shrub is a 
woody plant less than 15 feet tall, usually with several trunks rising from a common base. 

TREES 

11UEES,SEDRtnBS, \11{ES 
AND GROUND COVERS 
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TREES \'-r--------------------------------------------------------------------, ' 

In addition to stabilizing disturbed soil, vegetation can: 

I. Provide attractive cover that does not need mowing. 

2. Define traffic and pedestrian areas. 

Low· growing plants that sprawl. trail, spread, or send out rimners can come in many leaf 
types, colors, and growth habits. Some are suitable only as a part of a maintained 
landscaping and some can stabilize large areas with little care. 

LIMITATIONS 

Construction activities are likely to injure or kill trees unless adequate protective measures 
are taken. Direct contact by equipment is the most obvious problem, but damage is also 
caused by root stress from filling, eXcavating, or compacting too close to trees. 

PLANNING CONSIDERATIONS 

I. On cut·and-fill slopes adjacent to paved areas of shopping centers, schools, industrial 
parks, or other non-residential projects: woody plants and ground cover can be used oil 
these slopes toe control erosion. They will also help to control foot traffic. 

2. Trees, shrubs, vines, or ground covers may be planted in residential areas, along 
rights...of·way, or easements to reduce maintenance and improve appearance. 

TREES: 

Some desirable characteristics to consider in selecting existing trees to be protected include: 
tree vigor, tree species, tree age, tree size and shape, and use as a wildlife food source and 
habitat. Trees to be saved should be clearly mmked so that no construction activity will take 
place within the drip line of the tree. 

At th,e S,l.!JDe time as exiS,ting ~ are being selected for salvage and protection on site, new 
plantings should be considered. The site where they wiil be planted should be evaluated. 
Consider the prior use of the land. adverse soil conditions such as poor drainage or acidity; 
exposure to wind; temperature extremes; location of utilities, paved areas, and security 
lighting and traffic problems. 

lltEES,SIURlnBS, ~S 
AND GROUND COVERS 
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TREES 

TRANSPLANTING TREES: 

Tree preparation - Proper digging of a tree includes the conservation of as much of the root 
system as possible. Soil adhering to the roots should be damp when the tree is dug, and kept 
moist until planting. The soil ball should be 12 inches in diameter for each inch of diameter 
ofthetrunk 

Site preparation - Refer to landscape plans and specifications for site and soil preparation. 

Supporting the tree - Newly planted trees need artificial support to prevent excessive 
swaying. 

Watering- Soil around the tree should be thoroughly watered after the tree is set in place. 
When the soil becomes dry, the tree should be watered deeply, but not often. Mulching 
around the base of the tree is helpfufin preventing roots from drying out. 

SHRUBS: 

Follow the general procedure for tree planting when planting shrubs. 

VINES AND GROUND COVERS: 

Site preparation - Ground covers are plants that naturally grow very close together, caus4tg 
severe competition for space nutrients and water. Soil for ground covers should be well 
prepared. 

The entire area should be spaded, disced, or roto-tilled to a depth of six to eight inches. Two 
to three inches of organic material, such as good topsoil or peat, should be spread over the 
entire area 

PLANTING - The following steps will help insure good plant growth: 

I. Arrange the plantings on the contour. 

2. Dig the holes 1/3 larger than the plant root ball. 

3. Plant at the same level that the plants grow. 

4. Use good topsoil or soil mixture with a lot Qf organics. 

TREES, SHRUBS, VINES 
AND GROUND COVERS 
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TREES 

5. Fill hole 1/3 to 1/2 full, shake plants to settle soil among roots, then water 

6. Leave saucer-shaped depression around the plant to hold water. 

7. Water thoroughly and regularly. 

8. Space plants according to plant type and coverage desired 

DESIGN & SIZING CRITERIA 

MATERIALS 

There are many different species of plants from which to choose, but care must be taken in 
their selections It is essential to select planting materials suited to both the intended use and 
specific site characteristics. Vegetative plans must include close-growing plants or an 
adequate mulch with all plantings of trees, shrubs, vines, and gromtd covers. 
There are vast species of plants that may be used for erosion purposes. Information can be 
obtained from local nurserymen, landscape architects, and extension agents. 

MAINTENANCE REOIDREMENTS 

Specific maintenance requirements may be listed on landscape plans and specifications. 
General requirements include: 

TREES: 

Y otmg trees should receive an inch of water each week for the first two years after planting. 
Transplanted trees should be fertilized on an annual basis. · 

SHRUBS: 

Proper pruning, watering, and application of fertilizer is necessary to maintain healthy and 
vigorous shrubs. A heavy layer of mulch reduces weeds and retains moisture. 

VINES AND GROUND COVER 

Trim old growth as needed to improve the appearance of ground covers. 

TREES, SHRUBS, VINES 
AND GROUND COVERS 
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DESCRIPTION 

A temporary pit .or benned area for washout of concrete trucks, tools, mortar mixers, etc. 

PIJRPOSE 

Improper washout of concrete trucks, tools, etc. may allow fresh concrete or cement laden 
mortar to enter a storm drainage system. 

CONDITIONS WHERE PRACJJCE APPLIES 

_ Perimeter control 
_ Slope protection 
_ Sediment trapping 
_ Drainageway & stream protection 
_ Temporary stabilization 
_ Permanent stabilization & exposure limits 
~ Non·sedirnent poilution co~trol 

APPROPRIATE APPLICATIONS 

Effective when vehicles, tools, and mixers can be moved to the pit location. Where this is 
not practical, temporary ponds may be constructed to aiJow for settling and hardening of 
cement and aggregates. Washout area/pits are appropriate for minor amounts of wash water 
which result from cleaning of aggregate materials or concrete trucks, tools, etc. 

PLANNING CONSIDERATIONS 

I. Wash out into a sluny pit which will later be backfilled. Do this only with the approval 
of the property owner. 

2. Wash out into a temporary pit where the concrete wash can harden, be broken up, and 
then properly disposed of off·site. 

WASH 

WASHOUT AREA [)u.(] Exhibit M-27a 
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.M-124 

DESIGN & SIZING CRITERIA 

I. Locate wash out pits away from stonn drains, open ditches, or stonnwater 
receiving waters. 

2. DO NOT wash out concrete trucks into stonn drains, sanitary sewers, street 
gutters, or stonnwater channels. 

MAINTENANCE REQIDREMENTS 

Properly dispose of hardened concrete products on a routine basis to prevent the buildup of 
waste materials to an unmanageable size and to maintain percolation of water. 
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DESCRIPTION 

Grass buffer strips are uniformly graded and densely vegetated areas of irrigated turf grass. 
Grass buffer strips differ from grass-lined swales as they are designed to accommodate 
overland sheet flow rather than concentrated or channelized flow. They can be used to 
remove larger sediment from sheet flow runoff flowing off impervious areas. 

Whenever concentrated runoff occurs, it should be evenly distributed across the width of the 
buffer strip via a porous pavement strip or another type of structure to achieve sheet-flow 
conditions. Grass buffers can also be combined with riparian zones in treating sheet flows · 
and in stabilizing channel banks adjacent to major drainageways and receiving waters. 
Buffer strips can be interspersed with shrubs and trees that can take up nutrients and 
provide shading. In a semiarid climate, inigation is required to maintain a healthy and dense 
grass on the grass buffer strip to withstand runoff from impervious areas. 

CONDITIONS WHERE PRAO'ICE APPLIES 

_ Perimeter control 
.! Slope protection 
_ Sediment trapping 
_ Drainageway & stream protection 
.! Temporary stabilization 
.! Permanent stabilization & exposure limits 
_ Non-sediment pollution control appropriate 

GENERAL APPLICATION 

Grass buffer strips can be used in residential and commercial areas and are located adjacent 
to impervious areas of the site. When used, they should be incorporated into site drainage, 
street drainage, and master drainage planning. Because their effectiveness depends on 
having an evenly distributed sheet flow over their surface, the size of the contributing area, 
and the associated volume ofrunoffhave to be limited. Flow can be directly accepted from 
an impervious area such as from a parking Jot and building roofs, provided the flow is 
distributed uniformly over the strip with a level spreader device. Grass buffer strips provide 
only marginal pollutant removal and require that followup structural BMPs be provided. 
They do, however, help to reduce some of the runoff vollime from very sniall storms. 

VEGETATIVE BUFFER ZONES: Exhibit M-28a 
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ADVANTAGES/DISADVANTAGES 

General. Grass and other vegetation provide aesthetically pleasing green space, which 
can be incorporated into a development landscaping plan. In addition, their use adds 
little cost to a development that has to provide open space, and their maintenance should 
be no different than routine maintenance of the site's landscaping. Eventually, the grass 
strip next to the spreader will have accumulated sufficient sediment to block runoff. At 
that point in time, a portion of the strip will need to be removed and replaced. 

When buffer strips are used over unstable slopes, soils, or vegetation, they can lead to 
the formation of rills and gullies that disrupt sheet flow. The resultant short-circuiting 
will invalidate the intended water quality benefits. Grass buffer strip areas should be 
protected from excessive pedestrian or vehicular traffic that can damage the grass cover 
and affect even sheet·flow distribution. A mixture of grass and trees may offer benefits 
for increased slope stability. 

Physical Site Suitability. The site, after fmal grading, should have a unifonn slope and 
be capable of maintaining an even sheet flow throughout Typical slopes of the site 
before fmal grading can range from 2 to I 0 percent. The allowable tributmy area 
depends on the width, length, and the soils that lay under the buffer strip. SCS 
Hydrologic Soil Groups A and B provide the best infiltration capacity, while Soil 
Groups C and D provide best site stability. The swe11ing potential of underlying soils 
should also be taken into account in how the soils may affect adjacent structures and 
pavement when water is delivered to the grassed areas. 

PoJJutant Removal. Po11utant removal depends on many factors such as soil 
permeability, site slope, the flow path length along the buffer strip, the characteristics of 
drainage area, runoff volumes and velocities, and the type of vegetation. The general 
poiJutant removal of both particulate and soluble pollutants is. projected to be low to 
moderate. Grass buffer strips rely primarily uPen the settling and interception of solids, 
and to only a minor degree, on biological uptake and runoff infiltration. 

DESIGN CRITERIA SND SIZING 

Grass buffer strip design is based primarily on maintaining sheet-flow conditions across a 
unifonnly graded, irrigated, dense grass cover strip. Genera] sizing requirements provided 
below are used to determine the design width and length of the continuous grass buffer 
strip. Other information is provided on the details. 

VEGETATIVE BUFFER ZONES: Exhibit M-28b 
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GRASS BUFFER STRIP DESIGN CONSIDERATIONS AND CRITERIA 

Criteria Design Considerations 

Design Length General guidance suggests applying a hydraulic load no greater than 
0.05 cfs/linear foot of buffer strip during a 2-year storm to maintain a 
sheet flow of Jess than I inch throughout dense grass that is at ]east 2 
inches high. 

Design Width The design width (WG) (the distance a1ong the sheet flow direction) 
shaJI be the greater of the fo11owing: 

W0 ?;0.2~ 
Where: 

~ = The length of flow path of the sheet flow over the upstream impervious 
surface. 

Geometry A rectangular shape strip is preferred and should be free of gilllies or rills 
that concentrate the overland flow. 

flow Distribution Runoff must be evenly distributed onto the grass strip. Slotted curbing 
or other spreader devices can be used to apply flows. Concentrated flow 
needs to use a level spreader to evenly distribute flow onto the strip. 

Vegetation Dense turf is needed to promote sedin)entation and entrapment and to 
protect against erosion. Irrigated turf grass should be maintained to a blade 
height of 2 to 4 inches. The strip typically needs to be irrigated during dry 
weather. Although trees and other vegetation can increase infiltration, they 
can cause uneven sheet flow across the strip. 

Outflow Collection Most of the runoff during significant events will not be infiltrated and 
will require a collection and conveyance system. A grass-lin~ swale 
can be used for this purpose and can provide another BMP level. The 
buffer strip can also drain to a storm sewer or to a street gutter. 

VEGETATIVE BUFFER ZONES: Exhibit M-28c 
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MAINTENANCE CONSIDERATIONS 

Grass buffer strips require generaJ maintenance of the turf grass cover and repair of any rill 
or gully development. A summruy of specific maintenance requirements and a suggested 
frequency of action is provided below. 

' 

ll ·, 

\ 
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Irrieated Grass Buffer Strip Maintenance Considerations 

Required Action Maintenance Objective Frequency of Action 
I 

Lawn mowing Maintain a dense grass cover at a Routine As needed or 
recommended length of 2 to 4 inches recommended by 
Collect and dispose of cuttings inspection. 
offsite or use a mulching mower. 

Lawn care Use the minimwn amount ofbiode- Routine-As needed 
gradable, nontoxic fertilizers and 
herbicides needed to maintain 
dense grass cover, free of weeds. 
Reseed and patch damaged areas. 

Irrigation Adjust the timing sequence and As needed. 
water cover to maintain the required 
minimum soil moisture for dense 
grass growth. Do not overwater. 

Litter removal Remove litter and debris to prevent Routine-As needed by 
gully development, enhance inpection. 
aesthetics, and prevent floatables 
from being washed offsite. 

Inspections Inspect irrigation, turf grass density, Annually and after each 
flow distribution, gully development, major stonn (that is, Jar-
and traces of pedestrian or vehicular ger than 0.75 inches in 
traffic and request repairs as needed percipitation). 

Turf replacement To lower the turf below the surface As needed when water 
of the adjacent pavement, use a padding becomes too 
level flow spreader, so that sheet high or too frequent a 
flow is not blocked and will not problem. The need for 
cause water to back up onto the turf replacement will be 
upstream pavement. higher if the pavement 

is sanded in winter to 
improve tire traction on 
ice. Otherwise, expect 
replacement once every 
5 to 15 years. 

VEGETATIVE BUFFER WNES: Exhibit M-28e 
GRASSBUFFERSTRWS 

DEC 1994 M-129 l 
II' !_ 



) 
VE . .=.::G:..:..:-=G~.B=.S=·~---------------------,'('--.-- ~ 

M-130 

nter Strip Width 
Wo~s·or~02l 1 

(whic ever is longer) 

Dense Grass (irrigation) 

Swale 

Maximum Unit Hydraulic 
loading during 2-year 
Storm • 0.05 clslft 

Perforated Drains in 
Gravel Trenches (optional) 

ONSITE FLOW CONTROL 

level Spreader 

'ltb20-15(A, llt ), or ~8' 
(whichever is longer) 

So<10% 

llr 
.. -+ !-

Irrigated Grass 
FJ!ter Strip 

L -+* 
ll{ * 

(other designs include gravel trenches, 
modular porous F.Vemert, and 
stabUized turf stnp) 

CONCENTRATED FLOW CONTROL 

Note: No110 Scale 
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DESCRIPTION 

Grass-lined swales are densely vegetated drainageways with low-pitched sideslopes that 
collect and slowly convey runoff. Design of their longitudinal slope and cross-section size 
forces the flow to be slow and shallow, thereby facilitating sedimentation while limiting 
erosion. Benns or check dams should be installed perpendicular to the flow as needed to 
slow it down and to encourage settling and infiltration. 

CONDITIONS WHERE PRACTICE APPLIES 

_ Perimeter control 
! Slope protection 
_ Sediment trapping 
_ Drainageway & stream protection 
! Temporruy stabilization 
! Permanent stabilization & exposrire limits 
_Non-sediment pollution control appropriate 

GENERAL APPLICATION 

Swales can be located to collect overland flows from areas such as parking lots, buildings, 
residential yards, roadways and grass buffer strips. They can be made a part of the plans to 
minimize a directly connected impervious area. Grass-lined swales can be used as an 
alternative to curb-and-gutter systems. Swales are set below adjacent ground level, and 
runoff enters the swales over grassy banks. The potential exists for wetland vegetation to 
become established if the swale experiences standing water or if there is a base flow. A site 
with a base flow should be managed as either a swale with an unlined trickle channel; or as 
a wetland bottom channel, the latter providing an additional BMP to stormwater runoff. 

In most applications, a followup BMP will be needed to enhance water quality to the 
maximum extent practicable. However, if a swale is designed to act as an extended 
detention basin for adjacent runoff, followup BMPs may not be needed, provided the runoff 
from adjacent public streets is also intercepted by the swale. 

ADVANT AGESIDISADV ANT AGES 

DEC 1994 

General. A grass-lined swale, which can be more aesthetically pleasing than 
concrete or rocklined drainage systems, is generally less expensive to construct. 
Although limited by the infiltration capacity of local soils, this BMP can also 
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M-132 

provide some reduction in runoff volumes from small storms. Dense grasses can 
reduce flow velocities and protect against erosion during larger stonn events. 
Swales in residential and commercial settings can also be used to limit the extent of 
directly connected impervious areas. 

The disadvantages of using grass swales include the possibility of soggy and wet 
areas ~ front yards, the potential for mosquito breeding areas, and the potential 
need for more right-of-way than is needed for a storm sewer. 

fhysical Site Suitability. Grass swales are practical only at sites with general 
ground slopes of less than 3 to 4 percent and are definitely not practical for sites 
steeper than 6 percent. The longitudinal slopes of a swale should be kept to less 
than 1.0 percent, which often necessitates the use of grade control checks or drop 
structures. Where the general terrain slope exceeds 3 percent, a grass swale is often 
practical only on the upslope side ofthe adjacent street. 

When soils with high permeability (for example, SCS HSG Class A or B) are 
available, the swale can be used to infiltrate a portion of the runoff into the growtd, 
but such soils are not required for effective application of this BMP. 

J>ollutant Removal. Removal rates reported in literature vruy and fall into the low to 
medium range. Under good soil conditions and low flow velocities, moderate 
removal of suspended solids and associated other constituents can be expected. H 
soil conditions pennit, infiltration can remove low to, moderate loads of soluble 
pollutants when flow velocities are very low. As a result, small frequent storms can 
benefit the most 

DESIGN AND SIZING CRITERIA 

Swales should be sized to maintain a low velocity during small storms and to collect and 
convey larger runoff events-all for the projected fully developed land use conditions. If the 
design flows are not based on fully developed land conditions, the swales will be undersized 
and will not provide the intended pollutant removal or flow attenuation. 

A hearty turf grass must be used so that it will fos~ dense vegetation, because many stonn 
events occur in early spring when the grass may still be donnant and prone to erosion. 
Irrigation, fertilization, and eJ:"PSion protection of newly planted grass or sod are also 
necessary. Pennanentirrigation:in some cases may also be necessary. Using swales can 
possibly replace both c,urb-anq-gutter systems and stonn sewer systems in the upper 

VEGETATIVE BUFFER WNES: Exhibit M-29b 
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portions of each watershed when properly designed to meet the 2-year storm. However, if 
one or both sides of the swale are to be used as grass buffers also, their design has to follow 
the requirements of Grass Buffer Strips, Exhibit M-28. 

Additional information is provided below. 
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GRASS-LINED SWALE DESIGN CONSIDERATIONS AND CRITERIA 

Criteria 

Velocity 

Swale Geomet:Iy 

Longitudinal Slope 

Grade Checks 

Vegetation 

Street and 
Driveway Crossings 

Drainage and 
Flood Control 

Design Considerations 

Maintaining low velocities in a swaJe during small, frequent 
storms encourages sedimentation and infiltration. Design the 
swale for a velocity of2 fps or Jess during the 2-year event. Use a 
Mannings roughness coefficient ofn=0.035 and set the 
longitudinal channel slope and channel cross-section dimensions 
to limit the flow velocity. 

A shallow trapezoidal or triangular channel cross-section is 
preferred. A maximum depth of3 feet.is recommended during a 
2-year storm. Swale side slopes should be no steeper than 4: I and 
preferabJ~ 5: I or flatter. 

Providing a mild slope helps maintain the flow velocities 
recommended above. Typically, longitudinal slopes will be 
between 0.2 percent and 0.5 per cent, but shall not exceed 1.0 
percent. Sites with greater slopes should use grade control checks 
or small drop structures to maintain the required longitudinal 
slope. 

Slow velocities down through the use of grade control checks in a 
swale to promote sedimentation and infiltration. Provide them as 
needed to maintain the longitudinal slope and to limit maximum 
flow velocity. 

Dense turf grass cover is recommended to promote sedimentation, 
filtration, and nutrient uptake, to limit erosion, and to h~lp 
maintain low flow velocities. 

Small culverts at each street crossing and driveway crossings may 
be usedto provide onsite stormwater capture and to use the swaJe, 
if adequate volume is available, as an extended detention basin. 

Check the water surface during larger storms such as the 1 00-year 
flood to ensure that drainage from such events is being handled 
without flooding critical areas or residential, commercial, and 
industrial structures. 
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MAINTENANCE CONSIDERATIONS 

Healthy grass can generally be maintained without using fertilizers because runoff from 
lawns and other areas contains the needed nutrients. Occasionally inspecting the graSs over 
the first few years will help to determine if any problems are developing and to plan for 
long-term restorative maintenance needs. 

Additional information is provided below. 

GRASS-LINED SWALE MAINTENANCE CONSIDERATIONS 

Required Action 

Lawn mowing and 
lawn care· 

Debris and 
litter removal 

Sediment removal 

Grass reseeding and 
mulching 

Inspections 

Maintenance Objective Frequency of Action 

Maintain irrigated grass at 2 to Routine-As needed. 
4 inches tall and nonirrigated 
native gra5s at 6 to 8 inches tall. 
Collect cuttings and dispose of 
them offsite or use a mulching 
mower. 

Keep the area clean for aesthetic Routine-As needed by inspec-
reasons, which also reduces tion, but no less than two times 
floatables being flushed down- per year. 
stream. 

Remove accumulated sediment 
near culverts and in channels to 
maintain flow capacity. Replace 
the grass areas damaged ·in the 
process. 

Routine-As needed by inspec
tion. Estimate the need to 
remove sediment from 3 to 
10 percent of total length per 
year, as determined by annual 
inspection. 

Maintain a healthy dense grass Nonroutine-As needed by 
in channel and side slope. annual inspection. 

Check the grass for uniformity Routine-Annual inspection is 
of cover, sediment aCcumulation suggested. 
in the swale, and near culverts. 
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esidual Capacity 
r larger Floods 

Side slope: 

Bottom Width (W) ,..I 
Z > 4 (Z > 5 preferred) 

TRAPEZOIDAL GRASS-LINED SWALE SECTION 
NOTTOSCALE 

Slope • 0.2% to 1.0% . 
,.. 1 I (drop toe to drop crest). 
I I ,..I 

I I 

~ 
IX. 

so 

Extend Up the Bank to 2-yr Flow 
/Depth Plus a Minimum of 0.5 Feet 

~ ~ Grade Control Checks 
I ,..I 
. I I · 

GRASS-LINED SWALE PROFILE l( 

NOTTOSCALE 

Sideslope: 
Z ~ 4 (Z > 5 preferred) 

TRIANGULAR GRASS-LINED SWALE SECTION 
NOTTOSCALE 
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DESCRIPTION 
I 

A temporary access stream crossing is a structure placed across a waterway to provide 
access for construction purposes for a period ofless than one year. 

PURPOSE 

The purpose of the temporary access waterway crossing is to provide a safe, pollution free 
access across a stream. Temporary access waterway crossings are necessary to prevent 
construction equipment from damaging the stream and tracking sediment imd other 
pollutants into the waterway. 

CONDITIONS WHERE PRACfiCE APPLIES 

_ Perimeter control 
_ Slope protection 
_ Sediment trapping 
~ Drainageway & stream protection 
_ Temporary stabilization 
_ Pennanent stabilization &·exposure limits 
~ Non-sediment pollution control 

APPROPRIATE APPLICATIONS 

+ Effectiveness: 
• Temporary Access Culvert: A temporary access culvert may be effective in 

controlling erosion. 
• Temporary Access Ford: A temporary access ford offers very little sediment and 

erosion control and is really only effective in ephemeral stream channel. 

+ Advantages: 
• Temporary Access Culvert: A temporary culvert is easily constructed and allows 

for heavy equipment loading. 
• Temporary Access Ford: A temporary ford is the least expensive waterway 

crossing and allows for maximum load limits. It also offers very low maintenance. 

WATERWAY CROSSING Exhibit M-30a 
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LIMITATIONS 

• Temporary Access Culvert: Temporary culverts need maintenance often and can 
cause erosion if the culvert becomes clogged. 

• Temporary Access Ford: A temporary ford offers little erosion control. 

NOTE:Special care must be taken for all these practices when crossing an environmentally 
sensitive streams. Oils or other potentially hazardous materials shall not be used for surface 
treatments. 

PLANNING CONSIDERATIONS 

For minor washes, no crossing may be necessary. For larger streams, the contractor should 
consider the time of year, construction schedule, and cOnstruction requirements. For 
crossing intermittently flowing streams- a shallow access ford or culvert is recommended. 

DESIGN & SIZING CRITERIA 

Temporary culvert shall be sized for the 2 year storm event. 

MAINTENANCE REQUIREMENTS 

Inspect monthly and after each significant rainfall. 

• Replace lost aggregates to restore access. 
• Clean silt deposits from culverts. 
• Inspect for erosion, undercutting and settlement. 

WATERWAY CROSSING Exhibit M-30b 

Symbol 

M-138 DEC 1994 

.-:,;: 



; 

J 

Coarse Aggregate 

1- 25' 
Minimum 

Coarse Aggregate 
6" Deep 

ElEVATION 

Top of Rrln..,--

WATERWAY CROSSING 
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Capacity of Pipe Culverts 
Together • Bank-Full flow 

Earth FIH Covered by 
Large Angular Rock 
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OBLIQUE VIEW 

~- --
. ... ....... ----. ___ .., .. 

. ,"'" Temporary access 
....:· . . ~ 

c~~~~~;;~;~;\Aner CloU1· 
Design Criteria: 

- As a mlniinum. design the structure to pass bankfull flow or peak flow, 
whlctWver is less, from a 2-year peak storm, without overtopping. 

- Ensure that design flow velOCity at the outlet of the crossing structure is 
noneroslve for the receiVing stream channel. See Vol. II, Major Drainage, Section 5.3 
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APPENDIX "N" 
DETENTION VOLUME & Tiffi MODIFIED RATIONAL METIIOD 

1. General Discussion Criteria and design requirements for detention basins are covered in 
Section VIII, and are not treated further here. However, one aspect of detention basin design 
is determining the volume required, which is integrated with outlet work design. If non
computer methods are used, procedures are usually iterative and tedious. They also are 
typically based upon the Modified Rational Method (MRM). In this appendix, procedures are 
provided which not only simplifY the manual calculation process, but which reduce the 
likelihood of misuse of the MRM. . 

2. Manual Calculation Procedures Without simplification or restriction to specific types of 
outlet facilities, hand calculations are generally iterative. While this would not pose a serious 
problem, it is realized that a few simplifYing assumptions and/or relationships could 
significantly reduce design effort, and still allow for detention/outlet facility designs that 
probably have less inaccuracy associated with them than there is with the base hydrologic data 
upon which they are based. 

Use of the simplified manual calculation procedures presented herein are not required. One 
may, if desired, pursue a more detailed design. Sophisticated procedures for certain types of 
outlets are provided in an SCS publication entitled Hydraulics of Two-Stage Risers. 
However, it is assumed that most will be interested in an allowed simplified procedure, which 
the balance of this appendix addresses. 

The simplified manual calculation procedures involve the following concepts or steps, which 
are subsequently discussed in more -detail: 

(i) Rational Method Hydrology; 
(ii) Basic Hydraulic Relationships; 
(iii) Modified Rational Method; 
(iv) Geometrically Designing the Detention Basin; 
(v) Calculating the Volume-Depth Relationship; 
(vi) Sizing the Lower Stage Outlet; and 
(vii) Designing the Upper Stage Outlet. 

a. Rational Method Hydrology The manual procedures presented herein are based 
upon use of the Rational Method for hydrological calculations. This is partly due to 
the frequent use of the Rational Method, and partly due to the fact that most 
computer programs which estimate storm runoff also contain routines for reservoir 
or pond routing of runoff, and therefore manual calculations are not necessary. 
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Procedures require only the nonnal hydrological calculations; that is, the pre- and 
post-development Tc and C values, area, and peak runoff rates. 

b. Basic Hydraulic Relationships Use of basic relationships can greatly simplify and 
even eliminate the iterative nature of detention/outlet works design. The relationships 
may not be exact, but are deemed to be sufficiently close to be within hydrological 
error. The basic relationships are presented along with a review of a few concepts. 

1) Maximum Detention Release (Omax) The total developed runoff from a 

2) 

· :site may not exceed the historic rate. Developed .runoff may consist of 
detcmtion release and flow which leaves the site directly, bypassing the 
detention facility. This is exemplified in Figure "N-1 ", where it is shown that 
the maximum release from the detention pond (Qmax) cannot exceed the 
historic peak (QJ minus bypass runoff (Qb ). 

Average Detention Release (Qr) The maximum detention release (Qmax) 
occurs when ponde4 water is at the highest level. Most of the time, the w~ter 
surface level is rising or lowering; therefore, the average release rate is 
somewhat Jess than Qmax. The average release rate is "Qr". For single stage 
outlets, Qr will occur when water depth is approximately half the maximum 
for vertical walled basins, and when water depth is approximately two-thirds 
maximum for basins with sloping sides. For multiple stage outlets, the basic 
relationship is not so simple, but may be approximated. 

The basic relationships are incorporated into the equations presented in Figure 
"N-2" on pages N-8 and N-9, which allow direct estimation ofQr for the 2 
year and 100 year storm based upon Qmax. 

c. Modified Rational Method The Modified Rational Method is a commonly used 
means of sizing detention facilities. Unfortunately, a deficiency in the method itself 
and user misapplication often result in underestimating required detention volume. 
Causes of error are: 

(i) Truncation of rainfall after the critical storm duration, which is a 
method deficiency; 

(ii) The release rate is commonly equated to the historical runoff rate, 
which is unlikely given hydraulic limitations; 

(iii) Equations commonly used do not account for the likely shift in Tc 
from pre- to post-development conditions (which may or may not be 
a problem); and 

(iv) The critical duration Td is approximated, and calculations are 
consequently based on a reduced volume. 
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Maximum relea5e from t:laentlon pond Qmax ~ Hl5toric peak Qh minu5 direct 17ypa55 runoff Qb 

. Qmax ~ Qh - Qb 

DETERMINATION OF Qmax FIGURE ·N·l· 

The first error is difficult to deal with quantitatively. Significant error is 
mitigated by the restriction tha_t the method may not be used for watersheds 
larger than 25 acres. 

The second error is caused by the user of the method. Pond release rates may 
be governed by pipe flow, or orifice or weir flow into an inlet. Outflow will 
begin at zero cfs, and is allowed to peak at Qrnax which may equal the historic . 
rate C4 minus Qb, if any, and recedes back to · zero. Acceptable 
approximations of the average release Qr during the time of interest are 
provided in subsection "b" above and Figure N-2. 

The third and fourth errors are due to the selected equation and user 
application. Both may be avoided by use of equations presented in "Applied 
Hydrology". Use ofthese equations for determining the critical duration is 
mandatory if the Modified Rational Method is used. 

The ominous looking but simple equations, modified to incorporate local and 
regional IDF data prepared by Benz Meteorological Services (Mesa County, 
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1991), along with other relationships required for using the Modified Rational 
Method, are presented in Table "N-1" on page "N-1 0". 

d. Geometrically Designing the Detention Basin With known required storage 
volumes required per subsection "c" above, Figure "N-3" on page N-11 may be used 
along with known site and desired finish conditions to size and geometrically design 
the detention basin. 

e. Calculating the Volume-Depth Relationship Available incremental and total 
volumes of the detention basin may be calculated per criteria presented in Figure "N-
4" on page N-12. By calculating available volume at incremental heights, a volume
depth (V-D) relationship may be determined and ··graphed. Usually only 2 or 3 
calculations are adequate if taken at key points, such as at the inlet and toe and top 
of embankment slopes. · · 

f. 

g. 

Lower Stage Outlet Entering the V-D graph with the V2 calculated per "c" above, 
one may directly read the ponded two year water depth, or d2• Knowing d2 and 
Qmax2> the lower stage outlet may be sized. The capacity of the lower stage outlet 
cou],d also be determined for greater depths, providing adequate information to allow 
plo~ing the·lower outlet depth-discharge (D-Q) curve. If plotted on the V-D curve, 
with 'Storage volume on the left ordinate, depth ·on the bottom abscissa, and discharge 
on the right ordinate, a handy V-D-Q graph is formed. 

IJpper Stage Outlet Although it would not minimize detention volume, one could 
provide a single stage outlet that would just meet the criteria for one design storm, 
resulting in an overdesign for the other; that is, the release rate may be below the 
historic rate for one of the design stoimS. If this approach is taken, the capacity of the 
selected outlet must be checked under both storm conditions. 

The more probable design approach, particularly for iarger watersheds, is to provide 
a two-stage outlet, with the upper stage outlet invert beginning at d2• By entering V 100 

onto the V-D (or V-D-Q) graph, one may directly read the maximum water depth 
· ponded in the 100 year storm event, or d11xr Using duxl> one may calculate the capacity 
of the lower stage outlet, or read it directly from the graph if it was plotted. The 
allowed capacity of the upper stage outlet is Qmax100 minus the lower outlet capacity 
at d100• Note that d100 is the total water depth in the pond, which is usually not the 
depth or height used in upper outlet weir or orifice calculations. Knowing the 
allowable capacity and available water depth, the upper stage outlet may be sized. (At 
this point, a few calculations at different depths would allow plotting the depth
discharge curve for the· upper outlet, and also the plotting of the composite or total 
depth discharge curve. Observation of the graph could provide a double check on the 
analysis.) 

Sizing the upper outlet so that the combined outlet capacity just meets or at least does 
not exceed historic rates is a common procedure, with an outlet pipe or channel 
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provided which does not restrict flow or result in a hydraulic gradeline which 
interferes with outlet hydraulics. However, an alternative approach is to oversize the 
upper outlet, and let the outlet pipe hydraulics govern the I 00-year flow ra:te. The 
advantage of this approach is that the oversized upper outlet is less affected by 
clogging, and the system will generally operate more often as planned. A disadvantage 
is the ability to select pipe sizes and conditions that match hydraulic gra~eline 
requirements. 

A third approach is to incorporate advantages ofboth of the other two altematives. 
This involves using an upper outlet that is not oversized and an outfall facility as with 
the first approach, but to provide, such as at the top of a riser, an overflow inlet: which 
could reduce the effect of clogging and also accept runoff in greater than I 00-year 
events. 

3. Summary of Manual Calculation Procedures The following summary not only 
outlines the steps involved in sizing a detention basin, but numerically corresponds 
with the steps provided on the worksheet in Table 11N-2" on page N-13. 

1) Detennine the entire area involved. This is the same for both the 2- and tOO
year condition. 

2) Select an appropriate historic condition runoff coefficient (C) value for the 2-
and IOO-year storms (see Appendix 11B11

). 

3) Calculate an appropriate historic condition runoff time of concentration (Tc) 
value for the 2- and I 00-year storms (see Appendix "E"). 

4) Select the appropriate intensity (I) values for the historic condition 2- and 
I 00-year storms using Table 11 A-I 11 in Appendix "A 11

• 

5) Using the Rational Method equation, calculate runoff using the equation 
Q=CIA. 

6-10) Repeat steps (1) through (5) above under developed conditions, limited to 
only the subbasin(s) having runoff that will bypass the proposed detention 
period. 

11) Qmax is equal to Qph of step (5) minus Qb of step 10. 

12) Determine the average detention pond release rate Qr from Figure "N-2ali or 
"N-2b" as appropriate. The shaded column provides direct values of Qr based 
upon the Qmax determined in step (II) . 

DECEMBER 1994 N-5 



13-15) For the developed condition of the subbasin which contributes to the Ji I 

detention pond, repeat steps (I) through (3) above. 

16-20) Using the appropriate column of Table "N-I ", calculate parameters of the 
Modified Rational Method (MRM) and required storage volumes. 

21-28) Using geometric requirements presented in Figure "N-3" and procedures 
~\ presented in Figure "N-4", calculate basin volumes and plot the corresponding . ,. 

v 

values and curve (straight line segments) on the graph. (Note that the graph 
is dimensionless, with scale to be established by the user.) 

29) Enter the Volume ordinate with the V 2 value from step (20), and proceed 
horizontally across to the detention basin Volume-Depth (V-D) curve, then 
proceed vertically down to the Depth abscissa. Obtain the maximum water 
c{epth for the 2-year stonn event (dJ. 

30) 1\.djust, as. applicable the water depth d2 from step (29) to obtain the head of 
; wat~r (HJ on the lower stage outlet (see Figure "N-2a" or "N-2b"). 

31) Having the head }\from step {30) and _Qmax2 from step (II), size/design the 
lower stage outlet using equations presented in the "Qmax" column ofFigure 
"N;..2". The "C" coefficients and other orifice and weir infonnation are ,.-_:::.. ..... 

presented in Appendix "K". Note that velocity head is not a factor for flow l_) 
from detention basins. 

32) Enter the Volume ordinate with the Vulo value from step (20), and proceed 
horizontally across to the detention basin Volume-Depth (V-D) curve, then 
proceed vertically down to the Depth abscissa. Obtain the maximum water 
depth for the I OO•year stonn event ( d100). 

33) Calcul~te the capacity~ of the lower stage outlet designed in step {30) for 
the· d100 water level condition. Calculate Q at various depths, including at 
d:;::Q, d2o arid d100> and plot the lower outlet capacity (optional). 

34) Calculate the height of water that will act on the upper outlet. Usually, the 
upper stage outlet begins at d2; consequently, the available depth would be 
d100 minus d2• Adjust from water depth "d" to head "h", as appropriate (see 
Figure "N-2"). 

35) , S~t ·the upper outlet capacity Qu equal to Qmax100 from step (II) minus Q 
(at ·d100) from step (33). 

36) flaYing the allowed outflow rate Qu from step (35) and the available head Hu 

~ ·from step (34), size/design the upper stage outlet using equations presented 
.in' the "Qmax" column ofFigure "N-2". The "C" coefficients and other orifice 

. 
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and weir infonnation are presented in Appendix "K". Note that velocity head 
is not a factor for flow from detention basins. Calculate Qu at d2, d1oo. and 
possibly at a midpoint depth, and plot the upper outlet capacity (optional). 
Also, the combined lower and upper outlet capacities may be plotted together. 

Outfall facilities must be capable of conveying outflow. The hydraulic gradient 
should be checked to ensure that backwater conditions do not affect the 
conditions upon which Qr in step (12) was originally based. 

As a safety factor against clogging or greater than I 00-year flows, a means of 
spill-over into the outflow conveyance facility or over-embankment spillway 
should be provided. 
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Qr =Average reBervoir rele.aBe rate during .a given Btorm = (L ~Fa + L ~) ~ (~ - ~) 
NOTE: Equ.ationB .aBBume that downBtream pipes or channeiB do not impede orifice or weir flow. 

2:i z 
0 
w 
0 
rr: 
Ci 
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~ z 
0 
~ 
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N-8 

DIAGRAM 

I 

r-~--~r-----~:· 

%-..:C...~------'--

I 

~ .wl , 
I , 

QMAX 

G,wc = QH1.5 

G,wc = QH1.5 

DIAMETER [l = Perimeter length] 

OR WIDTH= 

s 0.08$ + 0.35' 

Qrbased on d 

Qr = CA(2.gd)0.s 

Gr = CA(Zgd)ru; 

Gr = CLDu; 

CALCULATING APPROXIMATE STORAGE RELEASE RATES FIGURE N-2a 
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Qr = Average releaae rate during a given atot·m = (.E ~A::E + L ~) ~ (~ - ~) 
NOTE: Equatlona aavume that downvtream pipev or channelv do not Impede orifice or welr flow. 

en z 
0 
~ z 
Ci5 
~ 
0 
0 
~ 
w 
3 
0 z 
<( 
w 
0 
~ 
~ 

0 

DIAGRAM 

D= 2t,H 
H(ft) ~ 0.~ + 0.35' 
~ = Riser width or diameter(ft) 

du = 2,, hu 
~(ft) > 0.08cll +0.35' 
~ = Riser width or dlameter(ft) 

QMAX 

0w.x = ao + Ow 
= CA(2eht.5 + CLHw 

0w.x = ao + Ow 
= CA(2gh)0.5 + CLH1.5 

rh = a..,.J La= e~_ 

0w.x = ao + 0w 
= CA(2eht.5 + CLH1.5 

0w.x = ao + aw 
= CA(2ght.5 + CLH1.5 

Gw..x = ~ + Go~ 
= CA(2ghJ0.5 + CA(2ehu)0.5 

Qr based on d 

Qr=Gc +Ow 
= CA(2gof.5 + CLD1.5 

Qr=Gc +.Ow 
= CA(2edt.5 + CLD1.5 

Qr=Gc +Ow 
= CA(Zgdf.5 + CLDt5 

Qr=Gc +Ow 
= CA(2edt.5 + CLDt5 

Gb-=~+Gwu 
= Clt.(HL-Hu )1.5 + 

3 
C(lu-Lt)(.67Hu)1.5 

CALCULATING APPROXIMATE STORAGE RELEASE RATES FIGURE N·2b 
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This table is based upon equations in (Chow) and local meteorology (Mesa County, 1991) 

1 
507.82 C.A_ r~ _ l 805.3 CA l •·• _ ~-S-to_rm _____ E_v_e_nt ____ +-_______ G __ rn_n_d_V_a_lle_y __________ +-____ o_u_ts_i_de __ m_.G __ ra_n_d_V_a_lle_y ____ -t\. : 

2 
Year 

100 
Year 

Td2 = 19.0 Td2 = 18.4 
0 QrTcd- OrTcc~-

r- 53.4CdA Qr- 87.3CdA 

ld2* 
26.71 

ld/ = 43.67 I = Td2 + 19.01 Td2 + 18.44 

[ 1972.9C.A_ r Td - [ 2091.0 CA ] ... -Td1oo = - 18.8 18.7 
Q QrTcc~-- 100 - arTc 

r - Qr - 22.38 C~A 209.9CdA 

' 

ld1()() * 104.94 
ldtoo* 

111.88 = Td100+ 18.80 = Td100 + 18.69 

Qd = Ccf.(ld) K = TcJTcd 

[ 
KOrTe QrTcdj V = 60 Td (Qd - Qr) - QrTcd + 2 d + 2ad 

A factor of 60 in the volume equation converts time from minutes to seconds, yielding cubic \(~) 
feet volume. 1111 
--~--------------------------------------------------------------~~---~ 
*ld may be selected directly from Table ·A-1• in Appendix •A• 
Td = Time of critical storm .Quration, minutes; 
C = Runoff coefficient; 
A = Area in acres; 
Qr = Detention pond average release rate,· cfs 

(Note ~hat this will not likely be the historic rate Qh; 
nor even Qmax); 

Tc = Time of ~ncentration, minutes; 
ld = Intensity at Td, inches per hour; 

Qd = Runoff rate at Td, cfs; 
K = Ratio of pre- and post-development Tc;:; and 
V = Storage volume in te. 

The meaning of subscripts used are as follows: 

2 = . 2-year storm condition; 
100 = 1 00-year storm condition; 

h = historic condition; and 
d = developed condition. 

MODIFIED RATIONAL METHOD EQUATIONS TABLE "N-1" ~ 
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A MINIMUM OF 12.0 FOOT WIDE ACCESS FROM R.O.W. TO THE DETENTION BASIN IS 
REQUIRED 

ACCESS 
RAMP 

_______ , __ 
-------~--

PLAN VIEW 
NTS 

. r EXIST. GROUND PROFILE 
'Jt' ~ 100 YR W.S. --- -----

< 
L PROPOSED GRADE 

SECTION A-A 
NTS 

---

STEEPEST S1: 4H:1V FOR BASINS ON PUBLIC LANDS AND PARKS 
3H:1V FOR SEEDED OR SODDED SLOPES 
2H:1V FOR RIPRAP OR OTHER APPROVED SLOPE PROTECTION 
VERTICAL WALLS WITH SAFETY RAILING LIMITED TO ONE SIDE ONLY WHERE 
APPROVED BY THE CITY ENGINEER OR COUNTY DEVELOPMENT ENGINEER 

STEEPEST 5 2: 6H:1V FOR ACCESS RAMP, ALL SURFACES 

MINIMUM 53 : 0.5% FOR CONCRETE CHANNEL 
1.0% FOR ASPHALT (PARKING LOT) 
2.0% FOR ALL OTHER SURFACES 

MAXIMUM D: 4' RETENTION BASIN 
8' WET OR DRY DETENTION FACILITY 
>8' SPECIAL APPROVAL REQUIRED, BUT MAY BE ALLOWED FOR 

MULTIPLE USE PONDS OR FOR STEEP TERRAINS 

MINIMUM D: 4' WET PONDS (SEE PAGE YIIH) 

--

DETENTION BASIN GEOMETRIC REQUIREMENTS FIGURE N-3 

DECEMBER 1994 N-11 

. ! 



BASIN 
SHAPE 

BASIN 
TYPE 

VOLUME 
CALCULA110N 

METHOD 

EQUATION 

N.:I2 

VERTICAl WAllS AND/OR 
PRISMATIC BASINS 

FAIRlY UNIFORM SHAPE 
AND SIDE SlOPES 

OR HIGHLY IRREGULAR SHAPE 
AND SIDE SLOPES 

AVERAGE END AREA METHOD CONIC METHOD 

V = LV. to .,..1 

v. to .,.., = [A. + A.,.., + (A,A,..,}"')~ 

MiERE: V = Volume (ft;) 
·A. = Horizontal area (ft;l. at elevation "n" 

1\,..1 = Horizontal area (ft;) at elevation "n+1" 
JJ =' Vc:rtioal height ( ft;) between elevation "n" and "n+ 1" 

v. to ,.1 =-Volume between elevation "n" anti "n+1" 
L =:= Length (ft;) between two ends 

NOTE: The above equations may be used in succession for increment;al height;s wlt;hin a 
basin. An area s~ould be selected at all significant; changes in shape or side 5lope. 

CALCULATING STORAGE VOLUME FIGURE N-4 
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Project: ______________ Design by: _____ Date: ___ _ 

J l-;--:t-IST-:-EP-t-:•o-:A\R;:-'A_-\M1 -:"'~=Tt::-_,,,_---j,o.rt..:...-:J.::.:~:.:E=--tT-@V..:.:...::A~ylU:::.:..~E+R-----V-O_LU_M_E_-D_E_PTH_D_ISC_HA_RG_E_N_-_D-Q_)_G_R_A_P_H ____ _J 
__J A (ac~) 
~u... ou... ....... o 
oz _::::> 
ern:. ow 
tn'= _en 
:r 

~~ 
>-· co<!> 
(f;~ om 
w~ 
m:f= 
t:(!) 
Gu: 

~2 
a:O 
c(Q. 

>~ 
~i 

2 

3 

4 

5 

7 

8 

9 

10 

11 

13 

14 

ch 
1 T~ (min) 

lh (in/hr) 

Qph (cfu) 

A (acres) 

c.~ 

Ted 

1.~ (in/hr) 

Qb (cf~) 

Gmax (cfs) 

Qr (cfs) 

A (acres) 

I c.~ 

Ted (min) 

LEGEND 

Volume 
QL (lower outlet) 
Qu (upper outlet) : 
Qt (both outlets) : 

DEPTH FROM BOTTOM (R) 

Are outfall ~ 'VJ• "" fioci:t .... c;f:) _,.~ J~ ..... a55umca during Qr "'"""" rrmlatkm? 

Provide means of V1,.,,f'..:n. for greater than 100-yt;FJr water elepth5 (spill to work!; or ovm-

, on pages N-5, N-6 anel N-7. 

MANUAL DETENTION VOLUME 
CALCULATION WORKSHEET 

I I<IIJ1;5 )• 

TABLE ·N·2· 
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