
 

Appendix H-1 
Preliminary Water Quality Management Plan 







This Water Quality Management Plan (WQMP) has been prepared for Mission Boulevard Industrial Owner, 
L.P. by Huitt‐Zollars, Inc. The WQMP is intended to comply with the requirements of the County of San 
Bernardino and the NPDES Areawide Stormwater Program requiring the preparation of a WQMP. The 
undersigned, while it owns the subject property, is responsible for the implementation of the provisions of 
this plan and will ensure that this plan is amended as appropriate to reflect up‐to‐date conditions on the 
site consistent with San Bernardino County’s Municipal Storm Water Management Program and the intent 
of the NPDES Permit for San Bernardino County and the incorporated cities of San Bernardino County 
within the Santa Ana Region. Once the undersigned transfers its interest in the property, its successors in 
interest and the city/county shall be notified of the transfer. The new owner will be informed of its 
responsibility under this WQMP. A copy of the approved WQMP shall be available on the subject site in 
perpetuity. 

 

“I certify under a penalty of law that the provisions (implementation, operation, maintenance, and funding) 
of the WQMP have been accepted and that the plan will be transferred to future successors.” 

.

 



 

 

“The selection, sizing and design of stormwater treatment and other stormwater quality and quantity control 
measures in this plan were prepared under my oversight and meet the requirements of Regional Water Quality 
Control Board Order No. R8‐2010‐0036.” 
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This section of the WQMP should provide the information listed below. The information provided for 
Conceptual/ Preliminary WQMP should give sufficient detail to identify the major proposed site design and LID 
BMPs and other anticipated water quality features that impact site planning. Final Project WQMP must 
specifically identify all BMP incorporated into the final site design and provide other detailed information as 
described herein.   

The purpose of this information is to help determine the applicable development category, pollutants of 
concern, watershed description, and long term maintenance responsibilities for the project, and any applicable 
water quality credits. This information will be used in conjunction with the information in Section 3, Site 
Description, to establish the performance criteria and to select the LID BMP or other BMP for the project or 
other alternative programs that the project will participate in, which are described in Section 4.  



Describe the ownership/management of all portions of the project and site.  State whether any infrastructure 
will transfer to public agencies (City, County, Caltrans, etc.) after project completion. State if a homeowners or 
property owners association will be formed and be responsible for the long‐term maintenance of project 
stormwater facilities. Describe any lot‐level stormwater features that will be the responsibility of individual 
property owners. 



Determine and describe expected stormwater pollutants of concern based on land uses and site activities (refer 
to Table 3‐3 in the TGD for WQMP). 



A water quality credit program is applicable for certain types of development projects if it is not feasible to meet 
the requirements for on‐site LID. Proponents for eligible projects, as described below, can apply for water 
quality credits that would reduce project obligations for selecting and sizing other treatment BMP or 
participating in other alternative compliance programs. Refer to Section 6.2 in the TGD for WQMP to 
determine if water quality credits are applicable for the project. 



Describe the project site conditions that will facilitate the selection of BMP through an analysis of the physical 
conditions and limitations of the site and its receiving waters. Identify distinct drainage areas (DA) that collect 
flow from a portion of the site and describe how runoff from each DA (and sub‐watershed DMAs) is conveyed 
to the site outlet(s). Refer to Section 3.2 in the TGD for WQMP. The form below is provided as an example. 
Then complete Forms 3.2 and 3.3 for each DA on the project site. If the project has more than one 
drainage area for stormwater management, then complete additional versions of 
these forms for each DA / outlet. 

 

 

 

 

 



N/A

N/A

N/A

N/A

    N/A 

    N/A 

    N/A 



 

 

 

 

 

 



Non‐structural and structural source control BMP are required to be incorporated into all new development 
and significant redevelopment projects. Form 4.1‐1 and 4.1‐2 are used to describe specific source control BMPs 
used in the WQMP or to explain why a certain BMP is not applicable. Table 7‐3 of the TGD for WQMP provides 
a list of applicable source control BMP for projects with specific types of potential pollutant sources or 
activities. The source control BMP in this table must be implemented for projects with these specific types of 
potential pollutant sources or activities. 

The preparers of this WQMP have reviewed the source control BMP requirements for new development and 
significant redevelopment projects. The preparers have also reviewed the specific BMP required for project as 
specified in Forms 4.1‐1 and 4.1‐2. All applicable non‐structural and structural source control BMP shall be 
implemented in the project.
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Site design practices associated with new LID requirements in the MS4 Permit should be considered in the earliest 
phases of a project. Preventative site design practices can result in smaller DCV for LID BMP and hydromodification 
control BMP by reducing runoff generation. Describe site design and drainage plan including: 

Refer to Section 5.2 of the TGD for WQMP for more details. 

 

 A narrative of site design practices utilized or rationale for not using practices 

 A narrative of how site plan incorporates preventive site design practices 

 Include an attached Site Plan layout which shows how preventative site design practices are included in 
WQMP 



The purpose of this section of the Project WQMP is to establish targets for post‐development hydrology based on 
performance criteria specified in the MS4 Permit. These targets include runoff volume for water quality control 
(referred to as LID design capture volume), and runoff volume, time of concentration, and peak runoff for 
protection of any downstream waterbody segments with a HCOC. If the project has more than one 
outlet for stormwater runoff, then complete additional versions of these forms for each 
DA / outlet. 

Methods applied in the following forms include: 

 For LID BMP Design Capture Volume (DCV), the San Bernardino County Stormwater Program requires use of 
the P6 method (MS4 Permit Section XI.D.6a.ii) – Form 4.2‐1 

 For HCOC pre‐ and post‐development hydrologic calculation, the San Bernardino County Stormwater Program 
requires the use of the Rational Method (San Bernardino County Hydrology Manual Section D). Forms 4.2‐2 
through Form 4.2‐5 calculate hydrologic variables including runoff volume, time of concentration, and peak 
runoff from the project site pre‐ and post‐development using the Hydrology Manual Rational Method approach. 
For projects greater than 640 acres (1.0 mi2), the Rational Method and these forms should not be used. For such 
projects, the Unit Hydrograph Method (San Bernardino County Hydrology Manual Section E) shall be applied 
for hydrologic calculations for HCOC performance criteria. 

Refer to Section 4 in the TGD for WQMP for detailed guidance and instructions. 
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Hydromodification

A.1 Hydrologic Conditions of Concern (HCOC) Analysis 

HCOC Exemption: 

1. Sump Condition:  All downstream conveyance channel to an adequate sump (for 
example, Prado Dam, Santa Ana River, or other Lake, Reservoir or naturally erosion 
resistant feature) that will receive runoff from the project are engineered and regularly 
maintained to ensure design flow capacity; no sensitive stream habitat areas will be 
adversely affected; or are not identified on the Co-Permittees Hydromodification 
Sensitivity Maps.   

2. Pre = Post: The runoff flow rate, volume and velocity for the post-development 
condition of the Priority Development Project do not exceed the pre-development (i.e, 
naturally occurring condition for the 2-year, 24-hour rainfall event utilizing latest San 
Bernardino County Hydrology Manual.

a. Submit a substantiated hydrologic analysis to justify your request.

3. Diversion to Storage Area:  The drainage areas that divert to water storage areas which 
are considered as control/release point and utilized for water conservation. 

a. See Appendix F for the HCOC Exemption Map and the on-line Watershed 
Geodatabase (http://sbcounty.permitrack.com/wap) for reference.

4. Less than One Acre: The Priority Development Project disturbs less than one acre.  The 
Co-permittee has the discretion to require a Project Specific WQMP to address HCOCs 
on projects less than one acre on a case by case basis.  The project disturbs less than one 
acre and is not part of a common plan of development. 

5. Built Out Area: The contributing watershed area to which the project discharges has a 
developed area percentage greater than 90 percent.

a. See Appendix F for the HCOC Exemption Map and the on-line Watershed 
Geodatabase (http://sbcounty.permitrack.com/wap) for reference.



2

Summary of HCOC Exempted Area 

HCOC Exemption reasoning
1 2 3 4 5

Area
A X X
B X
C X
E X
F X
G X X
H01 X X
H02 X X
H02A X X
H02B X
H03 X
H04 X X
H05 X
H06 X
H07 X
H08 X X
H09 X
H10 X X
H11 X X
H12 X
J X
U X
W X
I X
II X
III X
IV X X
V X*
VI X
VII X
VIII X
IX X
X X
XIII X

*Detention/Conservation Basin

A X X



               

               

               

               

               

               

               

               



               

               

               

               

               

               

               

               

               

               

               

               



           

           

           

           

           

           

       

       

       



Complete the following forms for each project site DA to document that the proposed LID BMPs conform to the 
project DCV developed to meet performance criteria specified in the MS4 Permit (WQMP Template Section 
4.2). For the LID DCV, the forms are ordered according to hierarchy of BMP selection as required by the MS4 
Permit (see Section 5.3.1 in the TGD for WQMP). The forms compute the following for on‐site LID BMP:  

 Site Design and Hydrologic Source Controls (Form 4.3‐2) 

 Retention and Infiltration (Form 4.3‐3)  

 Harvested and Use (Form 4.3‐4) or  

 Biotreatment (Form 4.3‐5).  

At the end of each form, additional fields facilitate the determination of the extent of mitigation provided by 
the specific BMP category, allowing for use of the next category of BMP in the hierarchy, if necessary. 

The first step in the analysis, using Section 5.3.2.1 of the TGD for WQMP, is to complete Forms 4.3‐1 and 4.3‐3) 
to determine if retention and infiltration BMPs are infeasible for the project. For each feasibility criterion in 
Form 4.3‐1, if the answer is “Yes,” provide all study findings that includes relevant calculations, maps, data 
sources, etc. used to make the determination of infeasibility. 

Next, complete Forms 4.3‐2 and 4.3‐4 to determine the feasibility of applicable HSC and harvest and use BMPs, 
and, if their implementation is feasible, the extent of mitigation of the DCV. 

If no site constraints exist that would limit the type of BMP to be implemented in a DA, evaluate the use of 
combinations of LID BMPs, including all applicable HSC BMPs to maximize on‐site retention of the DCV. If no 
combination of BMP can mitigate the entire DCV, implement the single BMP type, or combination of BMP 
types, that maximizes on‐site retention of the DCV within the minimum effective area.  

If the combination of LID HSC, retention and infiltration, and harvest and use BMPs are unable to mitigate the 
entire DCV, then biotreatment BMPs may be implemented by the project proponent. If biotreatment BMPs are 
used, then they must be sized to provide sufficient capacity for effective treatment of the remainder of the 
volume‐based performance criteria that cannot be achieved with LID BMPs (TGD for WQMP Section 5.4.4.2). 
Under no circumstances shall any portion of the DCV be released from the site without effective 
mitigation and/or treatment. 



•
•
•



Section XI.E. of the Permit emphasizes the use of LID preventative measures; and the use of LID HSC BMPs 
reduces the portion of the DCV that must be addressed in downstream BMPs. Therefore, all applicable HSC 
shall be provided except where they are mutually exclusive with each other, or with other BMPs. Mutual 
exclusivity may result from overlapping BMP footprints such that either would be potentially feasible by itself, 
but both could not be implemented. Please note that while there are no numeric standards regarding the use of 
HSC, if a project cannot feasibly meet BMP sizing requirements or cannot fully address HCOCs, feasibility of all 
applicable HSC must be part of demonstrating that the BMP system has been designed to retain the maximum 
feasible portion of the DCV. Complete Form 4.3‐2 to identify and calculate estimated retention volume from 
implementing site design HSC BMP. Refer to Section 5.4.1 in the TGD for more detailed guidance. 

     

     

     

     

     

     

     

     

     



     

     

     

     

     

     

     

     

     

     



Use Form 4.3‐3 to compute on‐site retention of runoff from proposed retention and infiltration BMPs. Volume 
retention estimates are sensitive to the percolation rate used, which determines the amount of runoff that can 
be infiltrated within the specified drawdown time. The infiltration safety factor reduces field measured 
percolation to account for potential inaccuracy associated with field measurements, declining BMP 
performance over time, and compaction during construction. Appendix D of the TGD for WQMP provides 
guidance on estimating an appropriate safety factor to use in Form 4.3‐3.  

If site constraints limit the use of BMPs to a single type and implementation of retention and infiltration BMPs 
mitigate no more than 40% of the DCV, then they are considered infeasible and the Project Proponent may 
evaluate the effectiveness of BMPs lower in the LID hierarchy of use (Section 5.5.1 of the TGD for WQMP) 

If implementation of infiltrations BMPs is feasible as determined using Form 4.3‐1, then LID infiltration BMPs 
shall be implemented to the MEP (section 4.1 of the TGD for WQMP).  

 

.



       

 

     

     

     

     

     

     

     

     

     

     



Harvest and use BMP may be considered if the full LID DCV cannot be met by maximizing infiltration BMPs. 
Use Form 4.3‐4 to compute on‐site retention of runoff from proposed harvest and use BMPs.  

Volume retention estimates for harvest and use BMPs are sensitive to the on‐site demand for captured 
stormwater. Since irrigation water demand is low in the wet season, when most rainfall events occur in San 
Bernardino County, the volume of water that can be used within a specified drawdown period is relatively low. 
The bottom portion of Form 4.3‐4 facilitates the necessary computations to show infeasibility if a minimum 
incremental benefit of 40 percent of the LID DCV would not be achievable with MEP implementation of on‐site 
harvest and use of stormwater (Section 5.5.4 of the TGD for WQMP). 

     

     

     

     

     

     

     



Biotreatment BMPs may be considered if the full LID DCV cannot be met by maximizing retention and 
infiltration, and harvest and use BMPs. A key consideration when using biotreatment BMP is the effectiveness 
of the proposed BMP in addressing the pollutants of concern for the project (see Table 5‐5 of the TGD for 
WQMP). 

Use Form 4.3‐5 to summarize the potential for volume based and/or flow based biotreatment options to 
biotreat the remaining unmet LID DCV w. Biotreatment computations are included as follows: 

• Use Form 4.3‐6 to compute biotreatment in small volume based biotreatment BMP (e.g. bioretention w/underdrains);  

• Use Form 4.3‐7 to compute biotreatment in large volume based biotreatment BMP (e.g. constructed wetlands); 

• Use Form 4.3‐8 to compute sizing criteria for flow‐based biotreatment BMP (e.g. bioswales) 

3‐1 

•



 

     

     

     

     

     

     

     

     

     

     

     

     

     

     



       

       

       

       

       

       

       

       

   

   

   

   



     

     

     

     

     

     

     

     

     

     

     



Complete Form 4.3‐9 to demonstrate how on‐site LID DCV is met with proposed site design hydrologic source 
control, infiltration, harvest and use, and/or biotreatment BMP. The bottom line of the form is used to describe 
the basis for infeasibility determination for on‐site LID BMP to achieve full LID DCV, and provides methods for 
computing remaining volume to be addressed in an alternative compliance plan. If the project has more than 
one outlet, then complete additional versions of this form for each outlet.   

•

•



•

•



Use Form 4.3‐10 to compute the remaining runoff volume retention, after LID BMP are implemented, needed to 
address HCOC, and the increase in time of concentration and decrease in peak runoff necessary to meet targets 
for protection of waterbodies with a potential HCOC. Describe hydromodification control BMP that address 
HCOC, which may include off‐site BMP and/or in‐stream controls. Section 5.6 of the TGD for WQMP provides 
additional details on selection and evaluation of hydromodification control BMP. 

•

•

•

•

•



Describe an alternative compliance plan (if applicable) for projects not fully able to infiltrate, harvest and use, 
or biotreat the DCV via on‐site LID practices. A project proponent must develop an alternative compliance plan 
to address the remainder of the LID DCV. Depending on project type some projects may qualify for water 
quality credits that can be applied to reduce the DCV that must be treated prior to development of an 
alternative compliance plan (see Form 2.4‐1, Water Quality Credits). Form 4.3‐9 Item 8 includes instructions on 
how to apply water quality credits when computing the DCV that must be met through alternative compliance. 
Alternative compliance plans may include one or more of the following elements: 

• On‐site structural treatment control BMP ‐ All treatment control BMP should be located as close to 
possible to the pollutant sources and should not be located within receiving waters; 

• Off‐site structural treatment control BMP ‐ Pollutant removal should occur prior to discharge of runoff to 
receiving waters; 

• Urban runoff fund or In‐lieu program, if available 

Depending upon the proposed alternative compliance plan, approval by the executive officer may or may not be 
required (see Section 6 of the TGD for WQMP).



All BMP included as part of the project WQMP are required to be maintained through regular scheduled 
inspection and maintenance (refer to Section 8, Post Construction BMP Requirements, in the TGD for WQMP). 
Fully complete Form 5‐1 summarizing all BMP included in the WQMP. Attach additional forms as needed. The 
WQMP shall also include a detailed Operation and Maintenance Plan for all BMP and may require a 
Maintenance Agreement (consult the jurisdiction’s LIP). If a Maintenance Agreement is required, it must also 
be attached to the WQMP.  

UG Infil. System  Owner 

• Inspect/Maintain UG‐Infiltration Basin 
Systems 

• Remove trash, sediments and debris by jet‐
vac and pump and dispose of trash, 
sediments and debris in a legal manner. 

• Inspect system for standing water.  If system 
has standing water, perform re‐inspection 
within 48 hours.  If system still has standing 
water then the system shall be jet‐vacuumed 
and pumped and removed debris shall be 
disposed of in a legal manner. 

Bi‐monthly and 
Prior to storm 
event  and 48 

hours after  storm 
has passed 

Loading Dock and 
Parking Lot Sweeping 

Owner 
• Sweep loading dock and parking lot and 

truck courts. 
Monthly / As 

needed. 

Planting  Owner 

• Inspect health of planting and erosion of 
landscape area.   

• Trimming trees and bushes when needed. 

Quarterly 

Storm drain system 
signage 

Owner 
• Inspect Catch basin signage for faded or lost 

signs / repair or replace as needed. 
Annually 

Trash Storage Areas 
and Litter Control 

(SD‐32) 
Owner 

• Inspect  trash  container,  lids,  screens  and 
clean trash storage areas. 

Weekly 



Efficient Irrigation  Owner 

• Inspect irrigation system general operation  
and durrations.  

• Repair damaged sprinkler and drip irrigation 
lines as needed. 

• Reduce durrations during the winter season 
to prevent over irrigation. 

Monthly 

Truck Dock  Owner 

• Inspect loading dock for trash debris and 
sediments.   

• Inspect loading dock for evidence of spills 
and broken containers.  Clean up spills and 
dispose of collected material in a legal 
manner. 

Weekly / Daily 

Roof Runoff Controls 
(SD‐11) 

Owner  • Inspect / repair roof drains  Quarterly 

  Owner 

•

•

 

 



Include a site plan and drainage plan sheet set containing the following minimum information: 

Minimum requirements include submittal of PDF exhibits in addition to hard copies. Format must not require 
specialized software to open. If the local jurisdiction requires specialized electronic document formats (as 
described in their local Local Implementation Plan), this section will describe the contents (e.g., layering, 
nomenclature, geo‐referencing, etc.) of these documents so that they may be interpreted efficiently and 
accurately. 

Attach all O&M Plans and Maintenance Agreements for BMP to the WQMP. 

 BMP Educational Materials 
 Activity Restriction – C, C&R’s & Lease Agreements

 

 Project location 

 Site boundary 

 Land uses and land covers, as applicable 

 Suitability/feasibility constraints 

 Structural Source Control BMP locations 

 Site Design Hydrologic Source Control BMP locations 

 LID BMP details 

 Drainage delineations and flow information 

 Drainage connections 



Attachment A
WQMP Site Plan









Attachment B
BMP Details and Support Calculations
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DMA B



DMA C
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Durability Design Guide for Drainage Products
Proper design of culverts and storm sewers requires structural, 
hydraulic and durability considerations. While most designers 
are comfortable with structural and hydraulic design, the 
mechanics of evaluating abrasion, corrosion and water 
chemistry to perform a durability design are not commonly 
found in most civil engineering handbooks.

The durability and service life of a drainage pipe installation 
is directly related to the environmental conditions encountered 
at the site and the type of materials and coatings from which 
the culvert is fabricated. Two principle causes of early failure 
in drainage pipe materials are corrosion and abrasion.  

Service life can be affected by the corrosive action of the 
backfill in contact with the outside of a drainage pipe or more 
commonly by the corrosive and abrasive action of the flow 
in the invert of the drainage pipe. The design life analysis 
should include a check for both the water side and soil side 
environments to determine which is more critical— or which 
governs service life.  

The potential for metal loss in the invert of a drainage pipe 
due to abrasive flows is often overlooked by designers and 
its effects are often mistaken for corrosion. An estimate for 
potential abrasion is required at each pipe location in order 
to determine the appropriate material and gage.  

This manual is intended to guide specifiers through the 
mechanics of selecting appropriate drainage products to 
meet service life requirements. The information contained 
in the following pages is a composite of several national 
guidelines. 

Using the Design Guide
The choice of material, gage and product type can be extremely 
important to service life. The following steps describe the 
procedure for selecting the appropriate drainage product, 
material and gage to meet a specific service life requirement.  

Design Sequence
1. Select pipe or structure based on hydraulic and clearance 

requirements. Use Tables 4 and 5 as reference for size 
limits and hydraulic properties of all drainage products.

2. Use Height of Cover tables for the chosen pipe or structure 
to determine the material gage required for the specific 
loading condition.

3. Use Table 1 to select the appropriate material for the 
site-specific environmental conditions. Whenever possible, 
existing installations of drainage structures along the same 
water course offer the most reliable estimate of long-
term performance for specific environment conditions. 
In many cases, there will be more than one material that 
is appropriate for the project environmental conditions. 
Generally speaking, the metal material types increase 
in price as you move from top down on Table 1. Please 
contact your local CONTECH Sales Representative for 
pricing.   

4. Use Table 2 to determine which abrasion level most 
accurately describes the typical storm event (2 year storm). 
The expected stream velocity and associated abrasion 
conditions should be based on a typical flow and not a 10 
or 50-year design flood.

5. Use Table 3 to determine whether the structural gage for 
the selected material is sufficient for the design service life. 
If the structural gage is greater than or equal to the gage 
required for a particular abrasion condition and service  
life, use the structural gage. Conversely, if the structural 
gage is less than the gage required for a particular 
abrasion condition and service life, use the gage required 
by Table 3.  

Note: 
Both Contech round pipe and pipe-arch are available with either helical or an-
nular corrugations. Contech HEL-COR® pipe (helical corrugations) is furnished 
with continuous lock seams and annular re-rolled ends. Contech riveted pipe 
is furnished with annular corrugations only. The height of cover tables in this 
guide are helical corrugations only. Consult your Contech representative for 

Height of Cover tables on riveted pipe.
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Table 4 - Product Dimensions
Drainage Product Common Uses

Size Limits* Manning’s “n” 
ValueMinimum Maximum

R
o
u

n
d

 P
ip

e
Corrugated Steel (1/2” deep corrugation)

Culverts, small
bridges, storm 

water detention/
retention systems, 
conduits, tunnels, 

storm sewers.

12” 84” 0.011 - 0.021

Corrugated Steel with Paved Invert (1/2” deep corrugation) 12” 84” 0.014 - 0.020

Corrugated Steel (1” deep corrugation) 54” 144” 0.022 - 0.027

Corrugated Steel with Paved Invert (1” deep corrugation) 54” 144” 0.019 - 0.023

Corrugated Aluminum (1/2” deep corrugation) 12” 72” 0.011 - 0.021

Corrugated Aluminum (1” deep corrugation) 30” 120” 0.023 - 0.027

ULTRA FLO® Steel  
Storm sewers, 
culverts, storm 

water detention/
retention systems.

18” 102” 0.012

ULTRA FLO Aluminum  18” 84” 0.012

SmoothCor™  Steel (1/2” deep corrugation) 18” 66” 0.012

SmoothCor Steel (1” deep corrugation) 48” 126” 0.012

P
ip

e
-A

rc
h

Corrugated Steel (1/2” deep corrugation)

Culverts, small
bridges, storm 

water detention/
retention systems, 
conduits, tunnels, 

storm sewers.

17” x 13” 83” x 57” 0.011 - 0.021

Corrugated Steel with Paved Invert (1/2” deep corrugation) 17” x 13” 83” x 57” 0.014 - 0.019

Corrugated Steel (1” deep corrugation) 53” x 41” 142” x 91” 0.023 - 0.027

Corrugated Steel with Paved Invert (1” deep corrugation) 53” x 41” 142” x 91” 0.019 - 0.022

Corrugated Aluminum (1/2” deep corrugation) 17” x 13” 71” x 47” 0.011 - 0.021

Corrugated Aluminum (1” deep corrugation) 60” x 46” 112” x 75” 0.023 - 0.027

ULTRA FLO Steel 
Storm sewers, 
culverts, storm 

water detention/
retention systems.

20” x 16” 66” x 51” 0.012

ULTRA FLO Aluminum 20” x 16” 66” x 51” 0.012

SmoothCor Steel (1/2” deep corrugation) 21” x 15” 77” x 52” 0.012

SmoothCor Steel (1” deep corrugation) 53” x 41” 137” x 87” 0.012

*    For sizes outside of these limits, please contact your Contech representative.

 Table 5 — Corrugated Steel Pipe—Values of Coefficient of Roughness (n)
All

Diameters
1-1/2” x 1/4”

Helical* Corrugation

Helical—2-2/3” x 1/2”

2-2/3” x 1/2” Annular 8 in. 10 in. 12 in. 15 in. 18 in. 24 in. 36 in. 48 in. 60 in. +

Unpaved 0.024 0.012 0.014 0.011 0.012 0.013 0.015 0.018 0.020 0.021

PAVED-INVERT 0.021 0.014 0.017 0.020 0.019

SmoothCor N/A 0.012 0.012 0.012 0.012 0.012

Annular

Helical*—3” x 1”

3” x 1” 36 in. 42 in. 48 in. 54 in. 60 in. 66 in. 72 in. 78 in. +

Unpaved 0.027 0.022 0.022 0.023 0.023 0.024 0.025 0.026 0.027

PAVED-INVERT 0.023 0.019 0.019 0.020 0.020 0.021 0.022 0.022 0.023

SmoothCor N/A 0.012 0.012 0.012 0.012 0.012 0.012

Annular

Helical*—5” x 1”

5” x 1” 48 in. 54 in. 60 in. 66 in. 72 in. 78 in. +

Unpaved N/A 0.022 0.022 0.023 0.024 0.024 0.025

PAVED-INVERT N/A 0.019 0.019 0.020 0.021 0.021 0.022

ULTRA FLO N/A 3/4” x 3/4” x 7-1/2”
All diameters n = 0.012

* Tests on helically corrugated pipe demonstrate a lower coefficient of roughness than for annularly corrugated steel pipe. Pipe-arches approximately have the 
same roughness characteristics as their equivalent round pipes. 
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Table 6 - AASHTO Reference Specifications

 Material Type Material Pipe Design* Installation*          

 CMP (1/2” or 1” deep corrugations)        

 Galvanized (2 oz.) M218 M36 Section 12 Section 26

 Asphalt Coated M190 M36 Section 12 Section 26

 Asphalt Coated and Paved Invert M190 M36 Section 12 Section 26

 Aluminized Type 2 M274 M36 Section 12 Section 26

 Polymer Coated M246 M36 & M245 Section 12 Section 26

 Aluminum Alloy  M197 M196 Section 12 Section 26

 ULTRA FLO 

 (3/4” x 3/4” x 7-1/2” corrugation)        

 Galvanized (2 oz.) M218 M36 Section 12 Section 26

 Aluminized Type 2 M274 M36 Section 12 Section 26

 Polymer Coated M246 M36 & M245 Section 12 Section 26

 Aluminum Alloy  M197 M196 Section 12 Section 26

 SmoothCor        

 Polymer Coated M246 M36 & M245 Section 12 Section 26

*     AASHTO LRFD Bridge Design Specification and AASHTO Standard Specification for Highway Bridges
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Heights of Cover

2-2/3” x 1/2” Height of Cover Limits for Corrugated Steel Pipe

Heights of Cover Notes:

1. These tables are for lock-seam or welded-seam construction. They are not 
for riveted construction. Consult your Contech Sales Representative for 
Height of Cover tables on riveted pipe.

2. These values, where applicable, were calculated using a load factor of 
K=0.86 as adopted in the NCSPA CSP Design Manual, 2008.

3. The haunch areas of a pipe-arch are the most critical zone for backfilling. 
Extra care should be taken to provide good material and compaction to a 
point above the spring line.

4. E 80 minimum cover is measured from top of pipe to bottom of tie.
5. H 20 and H 25 minimum cover is measured from top of pipe to bottom of 

flexible pavement or top of rigid pavement.
6. The H 20 and H 25 pipe-arch tables are based on 2 tons per square foot 

corner bearing pressures.
7. The E 80 pipe-arch tables minimum and maximum covers are based 

on the corner bearing pressures shown. These values may increase or 
decrease with changes in allowable corner bearing pressures.

  8. 0.052” is 18 gage.
 0.064” is 16 gage.
 0.079” is 14 gage.
 0.109” is 12 gage.
 0.138” is 10 gage.
 0.168” is 8 gage.
  9. For construction loads, see Page 15.
10. 1-1/2” x 1/4” corrugation. H20, H25 and E80 loading.
11. SmoothCor has same Height of Cover properties as corrugated steel 

pipe. The exterior shell of SmoothCor is manufactured in either 2-2/3” x 
1/2” or 3" x 1" corrugations; maximum exterior shell gage is 12.

12.   Sewer gage (trench conditions) tables for corrugated steel pipe can 
be found in the AISI book “Modern Sewer Design,” 4th Edition, 1999. 
These tables may reduce the minimum gage due to a higher flexibility 
factor allowed for a trench condition.

Corrugated Steel Pipe

H 20 and H 25 Live Loads, Pipe-Arch

   Minimum
 Round  Structural Minimum 
 Equivalent, Span x Rise, Thickness, Cover,
 Inches Inches Inches Inches

 15 17 x 13 0.064 12 16
 18 21 x 15 0.064  15
 21 24 x 18 0.064
 24 28 x 20 0.064
 30 35x 24 0.064
 36 42 x 29 0.064
 42 49 x 33 0.064*
 48 57 x 38 0.064*
 54 64 x 43 0.079*
 60 71 x 47 0.109*
 66 77 x 52 0.109*
 72 83 x 57 0.138* 12 15

Maximum(7)

Cover, Feet
Size

2 Tons/Ft.2 Corner
Bearing Pressure

Maximum
Cover, Feet

3 Tons/Ft.2 Corner
Bearing Pressure

Size

E 80 Live Loads, Pipe-Arch

   Minimum
 Round  Structural Minimum 
 Equivalent, Span x Rise, Thickness, Cover,
 Inches Inches Inches Inches

 15 17 x 13 0.079 24 22
 18 21 x 15 0.079
 21 24 x 18 0.109
 24 28 x 20 0.109
 30 35 x 24 0.138
 36 42 x 29 0.138
 42 49 x 33 0.138*
 48 57 x 38 0.138*
 54 64 x 43 0.138*
 60 71 x 47 0.138* 24 22

* These values are based on the AISI Flexibility Factor limit (0.0433 x 1.5) 
for pipe-arch.

(8)

H 20 and H 25 Live Loads                           
Diameter 
or Span, 
Inches

Minimum 
Cover, 
Inches

Maximum Cover, Feet(2)

Specified Thickness, Inches
0.052 0.064 0.079 0.109 0.138 0.168

610 12 388 486
810 291 365
1010 233 392
12 197 248 310
15 158 198 248
18 131 165 206
21 113 141 177 248
24 98 124 155 217
30 99 124 173
36 83 103 145 186
42 71 88 124 159 195
48 62 77 108 139 171
54 67 94 122 150
60 80 104 128
66 68 88 109
72 75 93
78 79
84 12 66

E 80 Live Loads
Diameter 
or Span, 
Inches

Minimum 
Cover, 
Inches

Maximum Cover, Feet(2)

Specified Thickness, Inches
0.052 0.064 0.079 0.109 0.138 0.168

12 12 197 248 310
15 158 198 248
18 131 165 206
21 113 141 177 248
24 98 124 155 217
30 99 124 173
36 83 103 145 186
42 71 88 124 159 195
48 12 62 77 108 139 171
54 18 67 94 122 150
60 80 104 128
66 68 88 109
72 18 75 93
78 24 79
84 24 66
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Heights of Cover Notes:
1. These tables are for lock-seam or welded-seam construction. They are not 

for riveted construction. Consult your Contech Sales Representative for 
Height of Cover tables on riveted pipe.

2. These values, where applicable, were calculated using a load factor of 
K=0.86 as adopted in the NCSPA CSP Design Manual, 2008.

3. The span and rise shown in these tables are nominal. Typically the actual 
rise that forms is greater than the specified nominal. This actual rise is 
within the tolerances as allowed by the AASHTO & ASTM specifications. 
The minimum covers shown are more conservative than required by the 
AASHTO and ASTM specifications to account for this anticipated increase 
in rise. Less cover height may be tolerated depending upon actual rise of 
supplied pipe arch.

4. The haunch areas of a pipe-arch are the most critical zone for backfilling. 
Extra care should be taken to provide good material and compaction to a 
point above the spring line.

5. E 80 minimum cover is measured from top of pipe to bottom of tie.

6. H 20 and H 25 minimum cover is measured from top of pipe to bottom of 
flexible pavement or top of rigid pavement.

7. The H 20 and H 25 pipe-arch tables are based on 2 tons per square foot 
corner bearing pressures.

8. The E 80 pipe-arch tables minimum and maximum covers are based on the 
corner bearing pressures shown. These values may increase or decrease 
with changes in allowable corner bearing pressures.

9. 0.052” is 18 gage. 0.064” is 16 gage.
 0.079” is 14 gage. 0.109” is 12 gage.
 0.138” is 10 gage. 0.168” is 8 gage.
10. For construction loads, see Page 15.
11. SmoothCor has same Height of Cover properties as corrugated steel pipe. 

The exterior shell of SmoothCor is manufactured in either 2-2/3” x 1/2” or 
3”x1” corrugations; maximum exterior shell gage is 12.

12.  Sewer gage (trench conditions) tables for corrugated steel pipe can be 
found in the AISI book “Modern Sewer Design,” 4th Edition, 1999. These 
tables may reduce the minimum gage due to a higher flexibility factor 
allowed for a trench condition.

Heights of Cover

5” x 1” or 3” x 1” Height of Cover Limits for 
Corrugated Steel Pipe

H 20 and H 25 Live Loads

 Diameter Minimum
 or Span, Cover
 Inches Inches 0.064 0.079 0.109 0.138 0.168

   54 12 56 70 98 127 155
   60  50 63 88 114 139
   66  46 57 80 103 127
   72  42 52 74   95 116
   78  39 48 68   87 107
   84  36 45 63   81   99
   90  33 42 59   76   93
   96 12 31 39 55   71   87
 102 18 29 37 52   67   82
 108   35 49   63   77
 114   32 45   58   72
 120   30 42   54   66
 126    39   50   61
 132    36   46   58
 138    33   43   53
 144 18      39   49

Maximum cover heights shown are for 5” x 1”.

To obtain maximum cover for 3” x 1”, increase these values by 12%

E 80 Live Loads

 Diameter Minimum
 or Span, Cover
 Inches Inches 0.064 0.079 0.109 0.138 0.168

 54 18 56 70 98 127 155
 60  50 63 88 114 139
 66  46 57 80 103 127
 72 18 42 52 74   95 116
 78 24 39 48 68   87 107
 84  36 45 63   81   99
 90  33(1) 42 59   76   93
 96 24 31(1) 39 55   71   87
 102 30 29(1) 37 52   67   82
 108   35 49   63   77
 114   32(1) 45   58   72
 120 30  30(1) 42   54   66
 126 36   39   50   61
 132    36   46   58
 138    33(1)   43   53
 144 36      39   49

Maximum cover heights shown are for 5” x 1”.
To obtain maximum cover for 3” x 1”, increase these values by 12%.
(1) These diameters in these gages require additional minimum cover.

Maximum Cover, Feet(2)

Specified Thickness, Inches

Maximum Cover, Feet(2)

Specified Thickness, Inches

5” x 1” Pipe-Arch Height of Cover Limits for 
Corrugated Steel Pipe

H 20 and H 25 Live Loads

   Minimum
 Equivalent  Specified Minimum
 Pipe Span x Rise Thickness, Cover 2 Tons/Ft.2 Corner
 Diameter Inches(3) Inches* Inches Bearing Pressure

 72 81 x 59 0.109 18 21
 78 87 x 63 0.109 18 20
 84 95 x 67 0.109 18 20
 90 103 x 71 0.109 18 20
 96 112 x 75 0.109 21 20
 102 117 x 79 0.109 21 19
 108 128 x 83 0.109 24 19
 114 137 x 87 0.109 24 19
 120 142 x 91 0.138 24 19
  
 Larger sizes are available in some areas of the United States. Check with 

your local Contech representative . Some minimum heights-of-cover for 
pipe-arches have been increased to take into account allowable "plus" 
tolerances on the manufactured rise.

E 80 Live Loads

   Minimum
 Equivalent  Specified Minimum
 Pipe Span x Rise Thickness, Cover 2 Tons/Ft.2 Cover
 Diameter Inches(3) Inches* Inches Bearing Pressure

 72 81 x 59 0.109 30 21
 78 87 x 63 0.109 30 18
 84 95 x 67 0.109 30 18
 90 103 x 71 0.109 36 18
 96 112 x 75 0.109 36 18
 102 117 x 79 0.109 36 17
 108 128 x 83 0.109 42 17
 114 137 x 87 0.109 42 17
 120 142 x 91 0.138 42 17

* Some 3” x 1” and 5” x 1” minimum gages shown for pipe-arch are due to 
manufacturing limitations.

Maximum(7)

Cover, Feet
Size

Maximum(8)

Cover, Feet
Size
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Heights of Cover Notes:

1. These tables are for lock-seam or welded-seam construction. They are not 
for riveted construction. Consult your Contech Sales Representative for  
Height of Cover tables on riveted pipe.

2. These values, where applicable, were calculated using K=0.86 as     
adopted in the NCSPA CSP Design Manual, 2008.

3. The span and rise shown in these tables are nominal. Typically the actual 
rise that forms is greater than the specified nominal. This actual rise is 
within the tolerances as allowed by the AASHTO & ASTM specifications. 
The minimum covers shown are more conservative than required by the 
AASHTO and ASTM specifications to account for this anticipated increase 
in rise. Less cover height may be tolerated depending upon actual rise of 
supplied pipe arch.

4. The haunch areas of a pipe-arch are the most critical zone for backfilling.    
Extra care should be taken to provide good material and compaction to a           
point above the spring line.

5. E 80 minimum cover is measured from top of pipe to bottom of tie.
6. H 20 and H 25 minimum cover is measured from top of pipe to bottom of 

flexible pavement or top of rigid pavement.
7. The H 20 and H 25 pipe-arch tables are based on 2 tons per square foot 

corner bearing pressures.  
8. The E 80 pipe-arch tables minimum and maximum covers are based 

on the corner bearing pressures shown. These values may increase or 
decrease with changes in allowable corner bearing pressures.

9. 0.052” is 18 gage.
 0.064” is 16 gage.
 0.079” is 14 gage.
 0.109” is 12 gage.
 0.138” is 10 gage.
 0.168” is 8 gage.
10. For construction loads, see Page 15.
11. SmoothCor has same Height of Cover properties as corrugated steel pipe. 

The exterior shell of SmoothCor is manufactured in either 2-2/3” x 1/2” or 
3" x 1" corrugations; maximum exterior shell gage is 15.

12. Sewer gage (trench conditions) tables for corrugated steel pipe can be 
found in the AISI book “Modern Sewer Design,” 4th Edition, 1999. These 
tables may reduce the minimum gage due to a higher flexibility factor 
allowed for a trench condition.

3” x 1” Pipe-Arch Height of Cover Limits for 
Corrugated Steel Pipe-Arch

H 20 and H 25 Live Loads

   Minimum
 Equivalent  Specified Minimum
 Pipe Span x Rise Thickness, Cover 2 Tons/Ft.2 Corner
 Diameter Inches Inches* Inches Bearing Pressure

 48 53 x 41 0.079 12 25
 54 60 x 46 0.079 15 25
 60 66 x 51 0.079 15 25
 66 73 x 55 0.079 18 24
 72 81 x 59 0.079 18 21
 78 87 x 63 0.079 18 20
 84 95 x 67 0.079 18 20
 90 103 x 71 0.079 18 20
 96 112 x 75 0.079 21 20
 102 117 x 79 0.109 21 19
 108 128 x 83 0.109 24 19
 114 137 x 87 0.109 24 19
 120 142 x 91 0.138 24 19

Larger sizes are available in some areas of the United States.
Check with your local Contech Sales Representative.

Some minimum heights-of-cover for pipe-arches have been increased to take 
into account allowable “plus” tolerances on the manufactured rise.

E 80 Live Loads

   Minimum
 Equivalent  Specified Minimum

 Pipe Span x Rise Thickness, Cover 2 Tons/Ft.2 Corner

 Diameter Inches Inches* Inches Bearing Pressure
   48 53 x 41 0.079 24 25
   54 60 x 46 0.079 24 25
   60 66 x 51 0.079 24 25
   66 73 x 55 0.079 30 24
   72 81 x 59 0.079 30 21
   78 87 x 63 0.079 30 18
   84 95 x 67 0.079 30 18
   90 103 x 71 0.079 36 18 
   96 112 x 75 0.079 36 18
 102 117 x 79 0.109 36 17
 108 128 x 83 0.109 42 17
 114 137 x 87 0.109 42 17
 120 142 x 91 0.138 42 17

* Some 3” x 1” and 5” x 1” minimum gages shown for pipe-arch are due to 
manufacturing limitations.

Maximum(7)

Cover, Feet
Size

Size Maximum(8)

Cover, Feet

Heights of Cover
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Approximate Weight (Pounds/Foot)  
Contech Corrugated Steel Pipe
(Estimated Average Weights—Not for 
Specification Use)

1-1/2” x 1/4” Corrugation
 Inside Specified
 Diameter, Thickness, Galvanized & Full
 in. in. ALUMINIZED Coated 
 6 0.052 4 5
  0.064 5 6

 8 0.052 5 6
  0.064 6 7

 10 0.052 6 7
  0.064 7 8

3” x 1” or 5” x 1” Corrugation
Inside 

Diameter, in. Specified Thickness Galvanized & 
ALUMINIZED

Full 
Coated

Coated & PAVED-
INVERT SmoothCor

54 0.064 50 66 84 84
0.079 61 77 95 95
0.109 83 100 118 118
0.138 106 123 140
0.168 129 146 163

60 0.064 55 73 93 93
0.079 67 86 105 105
0.109 92 110 130 130
0.138 118 136 156
0.168 143 161 181

66 0.064 60 80 102 102
0.079 74 94 116 116
0.109 101 121 143 145
0.138 129 149 171
0.168 157 177 199

72 0.064 66 88 111 112
0.079 81 102 126 127
0.109 110 132 156 157
0.138 140 162 186
0.168 171 193 217

78 0.064 71 95 121 120
0.079 87 111 137 136
0.109 119 143 169 168
0.138 152 176 202
0.168 185 209 235

84 0.064 77 102 130 130
0.079 94 119 147 147
0.109 128 154 182 181
0.138 164 189 217
0.168 199 224 253

90 0.064 82 109 140 139
0.079 100 127 158 157
0.109 137 164 195 194
0.138 175 202 233
0.168 213 240 271

96 0.064 87 116 149 148
0.079 107 136 169 168
0.109 147 176 209 208
0.138 188 217 250
0.168 228 257 290

102 0.064 93 124 158 158
0.079 114 145 179 179
0.109 155 186 220 222
0.138 198 229 263
0.168 241 272 306

108 0.079 120 153 188 189
0.109 165 198 233 235
0.138 211 244 279
0.168 256 289 324

114 0.079 127 162 199 200
0.109 174 209 246 248
0.138 222 257 294
0.168 271 306 343

120 0.079 134 171 210 211
0.109 183 220 259 260
0.138 234 271 310
0.168 284 321 360

126 0.109 195 233 274 276
0.138 247 285 326
0.168 299 338 378

132 0.109 204 244 287 289
0.138 259 299 342
0.168 314 354 397

138 0.109 213 255 300 300
0.138 270 312 357
0.168 328 370 415

144 0.138 282 326 373
0.168 344 388 435 (2)

1.   Weights for  polymer coated pipe are 1% to 4% higher, varying by gage.
2.   Please contact your Contech Sales Representative.
3.   Weights listed in the 3” x 1” or 5” x 1” table are for 3” x 1” pipe. 

Weights for 5” x 1” are approximately 12% less than those used in this 
table, for metallic coated pipe.

2-2/3” x 1/2” Corrugation
Inside 

Diameter, in. Specified Thickness Galvanized & 
ALUMINIZED

Full 
Coated

Coated & PAVED-
INVERT SmoothCor

12 0.052 8 10 13
0.064 10 12 15
0.079 12 14 17

15 0.052 10 13 16
0.064 12 15 18
0.079 15 18 21

18 0.052 12 16 19
0.064 15 19 22 25
0.079 18 22 25 28

21 0.052 14 18 23
0.064 17 21 26 29
0.079 21 25 30 33
0.109 29 33 33 41

24 0.052 15 20 26
0.064 19 24 30 30
0.079 24 29 35 38
0.109 33 38 44 47

30 0.064 24 30 36 42
0.079 30 36 42 48
0.109 41 47 53 59

36 0.064 29 36 44 51
0.079 36 43 51 58
0.109 49 56 64 71
0.138 62 69 77

42 0.064 34 42 51 60
0.079 42 50 59 68
0.109 57 65 74 82
0.138 72 80 89
0.168 88 96 105

48 0.064 38 48 57 67
0.079 48 58 67 77
0.109 65 75 84 94
0.138 82 92 101
0.168 100 110 119

54 0.079 54 65 76 87
0.109 73 84 95 106
0.138 92 103 114
0.168 112 123 134

60 0.109 81 92 106 117
0.138 103 114 128
0.168 124 135 149

66 0.109 89 101 117 129
0.138 113 125 141
0.168 137 149 165

72 0.138 123 137 154 (2)
0.168 149 163 180

78 0.168 161 177 194 (2)
84 0.168 173 190 208 (2)

Steel Thicknesses by Gage

Gage 18 16 14 12 10 8

Thickness .052 .064 .079 .109 .138 .168
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 Diameter Minimum
 or Span Cover
 (In.) (In.) 18 16 14 12 10 8(5)
 

   6 (4) 12 197 247

   8 (4)  147 185

 10 (4)  119 148

 12   125 157

 15   100 125

 18   83 104

 21   71 89

 24   62 78 109

 27    69 97

 30    62 87

 36    51 73 94

 42     62 80

 48 12    54 70 85

 54 15    48 62 76

 60 15     52 64

 66 18      52

 72 18      43

Equiv. Standard Gage

2-2/3” X 1/2” Height of Cover Limits for 
Corrugated Aluminum Pipe

HL 93 Live Load
Maximum Cover, (Ft.)(2)

Corrugated Aluminum Pipe
Heights of Cover

Heights of Cover

3” x 1” Height of Cover Limits for Corrugated 
Aluminum Pipe

HL 93 Live Load

 Diameter Minimum(3) 
 or Span Cover 
 (In.) (In.) 16 14 12 10 8(6) 
 30 12 57 72 101 135 159

 36  47 60 84 112 132

 42  40 51 72 96 113

 48 12 35 44 62 84 99

 54 15 31 39 55 74 88

 60 15 28 35 50 67 79

 66 18 25 32 45 61 72

 72 18 23 29 41 56 66

 78 21  27 38 51 61

 84 21   35 48 56

 90 24   33 44 52

 96 24   31 41 49

 102 24    39 46

 108 24    37 43

 114 24     39

 120 24     36

Equiv. Standard Gage
Maximum Cover, (Ft.) (2)

3” x 1” Height of Cover Limits for Corrugated 
Aluminum Pipe-Arch

2 2/3" x 1/2" Height of Cover Limits for 
Corrugated Aluminum Pipe-Arch

Notes:
1. Height-of-cover is measured to top of rigid pavement or to bottom 
    of flexible pavement.
2. Maximum cover meets AASHTO LRFD design criteria.
3. Minimum cover meets AASHTO and ASTM B 790 design criteria.
4.  1 1/2” x 1/4” corrugation.
5.  8-gage pipe has limited availability.
6.  For construction loads, see page 15.

Notes:
1. Height-of-cover is measured to top of rigid pavement or to bottom 
    of flexible pavement.
2. Maximum cover meets AASHTO LRFD design criteria.
3. Minimum cover meets ASTM B 790 design criteria.
4. Limited availability on these sizes.
5. 8-gage pipe has limited availability.
6. For construction loads, see page 15.

HL 93 Live Load

Round Pipe
Dia. (Inches)

Size, (In.)
Span x

Rise
Minimum

Gage

Minimum(3)

Cover
(Inches)

Maximum Cover, (Ft.)
Aluminum Pipe-Arch(2)

2 Tons/Ft.2 for  
Corner Bearing 

Pressures 

15 17x13 16 12 13
18 21x15 16 12 12
21 24x18 16 12 12
24 28x20 14 12 12
30 35x24 14 12 12
36 42x29 12 12 12
42 49x33 12 15 12
48 57x38 10 15 12
54 64x43 10 18 12
60 71x47 8(5) 18 12

HL 93 Live Load

Round Pipe
Dia. (Inches)

Size, (In.)
Span x

Rise
Minimum

Gage

Minimum(3)

Cover
(Inches)

Maximum Cover, (Ft.)
Aluminum Pipe-Arch(2)

2 Tons/Ft.2 for  
Corner Bearing 

Pressures 

54 60x46 14 15 20

60 66x51 14 18 20

66 73x55 14 21 20

72 81x59 12 21 16

78(4) 87x63 12 24 16

84(4) 95x67 12 24 16

90(4) 103x71 10 24 16

96(4) 112x75 8(5) 24 16
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3” x 1” Corrugation Aluminum Pipe

 Diameter
 or Span
 (Inches) (.060) (.075) (.105) (.135) (.164) 
  16 14 12 10  8(3)      
 30 9.3 11.5 15.8 20.2 

 36 11.1 13.7 18.9 24.1

 42 12.9 16.0 22.0 28.0

 48 14.7 18.2 25.1 32.0 38.8

 54 16.5 20.5 28.2 35.9 43.6

 60 18.3 22.7 31.3 40.0 48.3

 66 20.2 24.9 34.3 43.7 53.0

 72 22.0 27.1 37.4 47.6 57.8

 78  29.3 40.4 51.5 62.5

 84   43.5 55.4 67.2

 90   46.6 59.3 71.9

 96   49.6 63.2 76.7

 102    66.6 80.8

 108    71.0 86.1

 114     90.9

 120     95.6

Notes:
1. Helical lockseam pipe only.  Annular riveted pipe weights will be higher.
2. 1 ½” x ¼” Corrugation.
3. 8-gage pipe has limited availability.

Approximate Weight/Foot  
Contech Corrugated Aluminum Pipe

(Estimated Average Weights—Not for Specification Use)

Weight (Lb./Lineal Ft.)

Equiv. Standard Gage

2 2/3” x 1/2” Corrugation Aluminum Pipe

 Diameter    
 or Span    
 (Inches) (.048) (.060) (.075) (.105) (.135) (.164)
  18 16 14 12 10 8(3)

   6 (2) 1.3 1.6

   8 (2) 1.7 2.1

 10 (2) 2.1 2.6

 12   3.2 4.0

 15  4.0 4.9

 18  4.8 5.9

 21  5.6 6.9

 24  6.3 7.9 10.8

 27   8.8 12.2

 30   9.8 13.5

 36   11.8 16.3 20.7

 42    19.0 24.2

 48    21.7 27.6 33.5

 54    24.4 31.1 37.7

 60     34.6 41.9

 66      46.0

 72      50.1

Weight (Lb./Lineal Ft.)
Equiv. Standard Gage
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Heights of Cover

ULTRA FLO®

ULTRA FLO can be manufactured from polymer coated steel for added durability.

Galvanized, ALUMINIZED STEEL Type 2 or                             
Polymer Coated** Steel ULTRA FLO H 20 and H 25 Live Load      

Minimum/Maximum Cover (Feet)
Specified Thickness and Gage

Diameter 
(Inches)

(0.064)  
16

(0.079)  
14

(0.109)  
12

(0.138)  
10

18 1.0/108 1.0/151
21 1.0/93 1.0/130 1.0/216
24 1.0/81 1.0/113 1.0/189
30 1.0/65 1.0/91 1.0/151
36 1.0/54 1.0/75 1.0/126
42 1.0/46 1.0/65 1.0/108
48 1.0/40 1.0/56 1.0/94 1.0/137
54   1.25/36   1.25/50 1.0/84 1.0/122
60   1.25*/32*   1.25/45 1.0/75 1.0/109
66 1.5/41 1.25/68 1.25/99
72 1.5*/37* 1.25/63 1.25/91
78   1.75*/34* 1.5/58 1.5/84
84 1.75/54 1.75/78
90 2.0*/50* 2.0/73
96 2.0*/47* 2.0/68

102 2.5*/43* 2.5/61
108 2.5*/54*
114 2.5*/49*
120 2.5*/43*

Galvanized, ALUMINIZED STEEL Type 2 or                              
Polymer Coated** Steel ULTRA FLO Pipe-Arch H 20 and H 25 Live Load

Minimum/Maximum Cover (Feet)
Specified Thickness and Gage

Equiv. 
Pipe 
Dia. 

(Inches)
Span 

(Inches)
Rise 

(Inches)
(0.064)  

16
(0.079)  

14
(0.109)  

12
18 20 16 1.0/16
21 23 19 1.0/15
24 27 21 1.0/13
30 33 26 1.0/13 1.0/13
36 40 31 1.0/13 1.0/13
42 46 36 M.L.8 M.L.8 1.0/13
48 53 41 M.L.8 M.L.8 1.25/13
54 60 46 M.L.8 M.L.8 1.25/13
60 66 51 M.L.8 M.L.8 1.25/13

11. All heights of cover are based on trench conditions. If embankment 
conditions exist, there may be restriction on gages for the large diameters. 
Your Contech Sales Representative can provide further guidance for a 
project in embankment conditions.

12.  All steel ULTRA FLO is installed in accordance with ASTM A798 “Installing 
Factory-Made Corrugated Steel Pipe for Sewers and Other Applications.”

* These sizes and gage combinations are installed in accordance with ASTM 
A796 paragraphs 18.2.3 and ASTM A798. For aluminum ULTRA FLO refer 
to ASTM B790 and B788.

** Contact your local Contech representative for more specific information on  
Polymer Coated ULTRA FLO for gages 12 and 10.

Notes:
1. The tables for Steel H 20 and H 25 loading are based on the NCSPA 

CSP Design Manual, 2008 and were calculated using a load factor of 
K=0.86. The tables for Steel E 80 loading are based on the AREMA 
Manual. The tables for Aluminum HL 93 loading are based on AAS-
HTO LRFD Design Criteria.

2. The haunch areas of a pipe-arch are the most critical zone for 
backfilling. Extra care should be taken to provide good material and 
compaction to a point above the spring line.

3. E 80 minimum cover is measured from top of pipe to bottom of tie.
4. H 20, H 25 and HL 93 minimum cover is measured from top of pipe 

to bottom of flexible pavement or top of rigid pavement.
5. The H 20, H 25 and HL 93 pipe-arch tables are based on 2 tons per 

square foot corner bearing pressures.
6. The E 80 pipe-arch tables minimum and maximum covers are based 

on 3 tons per square foot corner bearing pressures shown.
7. Larger size pipe-arches may be available on special order.
8. M.L. (Heavier gage is required to prevent crimping at the haunches.)
9.  For construction loads, see Page 15.
10.  Sewer gage (trench conditions) tables for corrugated steel pipe can 

be found in the AISI book “Modern Sewer Design,” 4th Edition, 1999. 
These tables may reduce the minimum gage due to a higher flexibility 
factor allowed for a trench condition.

Galvanized, ALUMINIZED STEEL Type 2 or                    
Polymer Coated** Steel ULTRA FLO Pipe-Arch E 80 Live Load

Span 
x Rise 

(Inches)

Round 
Equivalent

Minimum 
Cover 

(Inches)

Minimum 
Gage

Max Cover 
(Feet)

20x16 18 24 16 22
23x19 21 24 16 21
27x21 24 24 16 18
33x26 30 24 16 18
40x31 36 24 16 17
46x36 42 24 12 18
53x41 48 24 12 18
60x46 54 24 12 18
66x51 60 24 12 18

Galvanized, ALUMINIZED STEEL Type 2 or  
Polymer Coated** Steel ULTRA FLO E 80 Live Load         

Diameter 
(Inches)

(0.064) 
16

(0.079) 
14

(0.109) 
12

(0.138) 
10

18 1.0 / 93 1.0 / 130
21 1.0 / 79 1.0 / 111 1.0 / 186
24 1.0 / 69 1.0 / 97 1.0 / 162
30 1.0 / 55 1.0 / 78 1.0 / 130
36 1.5 / 46 1.25 / 65 1.0 / 108
42 1.5 / 39 1.5 / 55 1.25 / 93
48 2.0 / 34 1.75 / 48 1.5 / 81 1.5 / 118
54 3.0* / 28* 2.0 / 43 1.5 / 72 1.5 / 104
60 2.0 / 39 1.75 / 65 1.75 / 94
66 2.5* / 35* 2.0 / 58 2.0 / 85
72 2.0 / 49 2.0 / 78
78 2.5 / 42 2.5 / 72
84 2.75* / 35* 2.5 / 67
90 2.5 / 62
96 2.5* / 58*

102 3.0* / 52*
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Aluminum ULTRA FLO Pipe-Arch HL 93 Live Load                      

Minimum/Maximum Cover (Feet)
Specified Thickness and Gage

Equiv. 
Pipe 
Dia. 

(Inches)
Span 

(Inches)
Rise 

(Inches)
(0.060)  

16
(0.075)  

14
(0.105)  

12
(0.135)  

10
18 20 16 1.0/16
21 23 19 1.0/15
24 27 21 1.25/13 1.25/13
30 33 26 1.5/13 1.5/13 1.5/13
36 40 31 1.75/13 1.75/13
42 46 36 2.0/13 2.0/13
48 53 41   2.0/13 2.0/13
54 60 46 2.0*/13* 2.0/13
60 66 51 2.0/13

Heights of Cover

ULTRA FLO is available in long lengths.  And, its light weight 
allows it to be unloaded and handled with small equipment.

Reduced excavation because of ULTRA FLO’s smaller outside diameter.

Approximate Weight/Foot Contech ULTRA FLO Pipe

Handling Weight for ALUMINIZED STEEL Type 2 or Galvanized Steel 
ULTRA FLO 

Weight (Pounds/Lineal Foot)
Specified Thickness and Gage

Diameter 
(Inches)

(0.064)  
16

(0.079)  
14

(0.109)  
12

(0.138)  
10

18 15 18
21 17 21 29
24 19 24 36
30 24 30 42
36 29 36 50
42 33 42 58
48 38 48 66 80
54 45 54 75 90
60 48 60 83 99
66 66 91 109
72 72 99 119
78 78 108 129
84 116 139
90 124 149
96 132 158

102 141 168
108 175
114 196
120 206

Handling Weight for ALUMINUM ULTRA FLO  
 

Weight (Pounds/Lineal Foot)
Specified Thickness and Gage

Diameter 
(Inches)

(0.060)  
16

(0.075)  
14

(0.105)  
12

(0.135)  
10

18 5 6
21 6 8 11
24 7 9 13
30 9 11 15
36 11 13 18 23
42 12 15 21 26
48 17 24 30
54 19 27 34
60 30 37
66 33 41
72 36 45
78 49
84 52

Weights for polymer coated pipe are 1% to 4% higher, varying by gage.

See previous page for height of cover notes.

Aluminum  ULTRA FLO HL 93 Live Load  
                                                                                                                                            

Minimum/Maximum Cover (Feet)
Specified Thickness and Gage

Diameter 
(Inches)

(0.060)  
16

(0.075)  
14

(0.105)  
12

(0.135)  
10

18 1.0/43 1.0/61
21 1.0/38 1.0/52 1.0/84
24 1.0/33 1.0/45 1.0/73
30 1.0/26 1.25/36 1.25/58
36 1.5*/21* 1.50/30 1.5/49 1.5/69
42 1.75*/25* 1.75/41 1.75/59
48 2.0/36 2.0/51
54 2.0/32 2.0/46
60 2.0*/29* 2.0/41
66 2.0/37
72 2.5*/34*
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Installation Corrugated Metal Pipe

Overview
Satisfactory site preparation, trench excavation, bedding and 
backfill operations are essential to develop the strength of 
any flexible conduit. In order to obtain proper strength while 
preventing settlement, it is necessary that the soil envelope 
around the pipe be of good granular material, properly 
placed and carefully compacted.

Bedding
Bedding preparation is critical to both pipe performance and 
service life. The bed should be constructed to uniform line 
and grade to avoid distortions that may create undesirable 
stresses in the pipe and/or rapid deterioration of the roadway. 
The bed should be free of rock formations, protruding stones, 
frozen lumps, roots and other foreign matter that may cause 
unequal settlement.

Placing the pipe
Corrugated metal pipe weighs much less than other 
commonly used drainage structures. This is due to the efficient 
strength of the metal, further improved with carefully designed 
and formed corrugations. Even the heaviest sections of 
Contech pipe can be handled with relatively light equipment 
compared with equipment required for much heavier 
reinforced concrete pipe.

Backfill
Satisfactory backfill material, proper placement and 
compaction are key factors in obtaining maximum strength 
and stability. Backfill should be a well-graded granular 
material and should be free of large stones, frozen lumps and 
other debris.

Backfill materials should be placed in layers about six inches 
deep, deposited alternately on opposite sides of the pipe. 
Each layer should be compacted carefully. Select backfill 
is placed and compacted until minimum cover height is 
reached, at which point, standard road embankment backfill 
procedures are used. 

Installation References
For more information, see AASHTO Bridge Construction 
Specification Section 26, the Installation Manual of the 
National Corrugated Steel Pipe Association,  ASTM A798 for 
steel and ASTM B788 for aluminum ULTRA FLO.

Additional Considerations for ULTRA FLO Installations
Bedding and Backfill
Typical ULTRA FLO installation requirements are the same  
as for any other corrugated metal pipe installed in a trench. 
Bedding and backfill materials for  ULTRA FLO follow the 
requirements of the CMP installation specifications mentioned 
above, and must be free from stones, frozen lumps or other 
debris. When ASTM A796 (steel) or B790 (aluminum) designs 
are to be followed for condition III requirements, indicated by 
asterisk (*) in the tables on page 13 and 14, use clean, easily 
compacted granular backfill materials.

Embankment Conditions
ULTRA FLO is a superior CMP storm sewer product that is 
normally installed in a trench condition. In those unusual 
embankment installation conditions, pipe sizes and gages may 
be restricted. Your Contech Sales Representative can provide 
you with further guidance.

Minimum Cover (feet)
for Indicated Axle Loads (kips)

Construction Loads
For temporary construction vehicle loads, an extra amount of 
compacted cover may be required over the top of the pipe. 
The Height of Cover shall meet minimum requirements shown 
in the table below. The use of heavy construction equipment 
necessitates greater protection for the pipe than finished grade 
cover minimums for normal highway traffic.

Min. Height of Cover Requirements for Construction Loads On 
Corrugated Steel Pipe*

 Diameter/
 Span,
 (Inches) 18-50 50-75 75-110 110-150

 12-42 2.0 2.5 3.0 3.0
 48-72 3.0 3.0 3.5 4.0
 78-120 3.0 3.5 4.0 4.0
 126-144 3.5 4.0 4.5 4.5

Temporary Cover For 
Construction Loads Finished 

Grade
Height of Cover

Min. Height of Cover Requirements for Construction Loads On 
Corrugated Aluminum Pipe*

 Diameter/ 
 Span    
 (Inches) 18-50 50-75 75-110 110-150

 12-42 3.0’ 3.5’ 4.0’ 4.0’

 48-72 4.0’ 4.0’ 5.0’ 5.5’

 78-120 4.0’ 5.0’ 5.5’ 5.5’

Axle Load (Kips)

Min. Height of Cover Requirements for Construction Loads On 
 ULTRA FLO Pipe*

 Diameter/
 Span 18-50 50-75 75-110 110-150
           (Inches)         
 15-42 2.0' 2.5' 3.0' 3.0'
 48-72 3.0' 3.0' 3.5' 4.0'
 78-108 3.0' 3.5' 4.0' 4.5'
   
 15-42 3.0' 3.5' 4.0' 4.0'

Axle Load (Kips)

 Aluminum 3/4” x  3/4” x 7-1/2”

 Steel  3/4” x 3/4” x  7-1/2”

*  Minimum cover may vary depending on local conditions. The contractor must 
provide the additional cover required to avoid damage to the pipe. Minimum 
cover is measured from the top of the pipe to the top of the maintained 
construction roadway surface.
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SmoothCor™ Pipe 
Excellent Hydraulics, Long Lengths and Easy 
Installation

Corrugated Steel Shell

SmoothCor pipe has a smooth interior steel liner that provides 
a Manning’s “n” of 0.012.  Its rugged, corrugated steel shell 
supplies the structural strength to outperform rigid pipe. 
SmoothCor pipe is both the economical and performance 
alternate to concrete.

Superior hydraulics

SmoothCor, with its smooth interior surface, is hydraulically 
superior to conventional corrugated steel pipe and with fewer 
joints and better interior surface, outperforms reinforced 
concrete pipe.

SmoothCor, with its long lengths, light weight and beam 
strength, is superior to concrete pipe in many difficult situations 
such as poor soils, poor subsurface drainage conditions, steep 
slopes and high fills. SmoothCor should be specified as an 
alternate under normal site conditions, and specified exclusively 
under very difficult situations that demand the strength of CSP 
with positive joints and a hydraulically efficient smooth liner.

Two Pipe Shapes

In addition to full-round pipe, SmoothCor comes in a pipe-arch 
shape for limited headroom conditions. The low, wide pipe-arch 
design distributes the flow area horizontally, enabling it to be 
installed with lower head room than a round pipe.

Reference specifications     

Material Polymer Coated ASTM A 929

  AASHTO M246

  ASTM A 742

Pipe Polymer AASHTO M245

  ASTM A 762 & A 760

Design Steel Pipe AASHTO Section 12

  ASTM A 796

Installation Steel Pipe AASHTO Section 26

  ASTM A 798

Structural Design
SmoothCor is lined with either 18 or 20 gage steel.  Contech 
has taken a conservative approach to the Height of Cover. The 
maximum heights-of-cover are based on the shell thickness 
with no additional structural allowance for the liner as provided 
for in the AASHTO and ASTM design specifications. Using this 
approach, the Height of Cover tables for 2 2/3" x 1/2" and 
3"x1" steel corrugations can be used for SmoothCor.

Diameters

SmoothCor is available in diameters ranging from 18 
inches to 66 inches in 2 2/3" x 1/2" corrugation. The 3" x 1" 
corrugation is available in diameters of 48 inches to 
126 inches.

Pipe-arch sizes range from 21” x 15” through 77” x 52” for 
2 2/3" x 1/2" corrugations, and 53” x 41” through 137” x 
87” for 3"x1" corrugations.

Materials

SmoothCor is available with Dow's TRENCHCOAT® 

that allows the engineer to design for long service life.  
TRENCHCOAT is a tough, heavy-gage polymer film 
laminated to both sides of the steel coil, providing a 
barrier to corrosion and mild abrasion. TRENCHCOAT is 
particularly effective for protection in corrosive soils.

Fittings

SmoothCor can be fabricated into any type of structure 
including tees, elbows, laterals, catch basins, manifolds and 
reducers. Pre-fabricated fittings are more economical and 
have superior hydraulic characteristics when compared to 
concrete structures.

Lockseam

Retaining
Offset

Smooth Interior Liner
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QUICK STAB® Joint
Save Time and Money With Faster Pipe Bell and 
Spigot Coupling

The Contech QUICK STAB Bell and Spigot joint speeds 
installation of corrugated metal pipe (CMP), reducing your 
costs. With the QUICK STAB coupling system, installation 
of CMP storm sewers and culverts has never been easier 
or faster.

The QUICK STAB joint creates a bell and spigot joining 
system with the bell only 1-1/2” larger than the pipe’s O.D. 
Assembled at the factory, the QUICK STAB bell is shipped 
to the job site ready for installation. The only field operation 
is placing a special fluted gasket onto the spigot end of the 
pipe, applying lubricant and pushing it into the bell end of 
the preceding pipe. Without bands, bolts and wrenches to 
work and worry with, you can join pipe segments 50% to 
90% faster—saving time, money and aggravation.

Soil Tight Joint

Contech’s QUICK STAB joint provides the same soil tightness 
as conventional CMP bands. Each QUICK STAB joint uses 
a double sealing fluted gasket to seal the spigot against the 
bell.  A flat gasket is installed at the plant between the pipe 
and the corrugated end of the bell. With the deep bell, you 
gain maximum soil tightness with minimal installation effort.

Wide Variety of Coatings and Materials

 Plain galvanized
 Aluminized Steel Type 2
 Aluminum
 Polymeric coated

Four Times Faster Installation Than Concrete

The QUICK STAB’s bell and spigot joining system allows 
pipe segments to be joined quicker than reinforced concrete 
pipe. Next, add in Contech’s corrugated metal pipe’s 
length advantage—each segment is four times longer than 
standard concrete pipe lengths. That means fewer joints 
and faster installation—up to four times faster!  Plus, with 
the bell only 1-1/2” larger than the pipe, trench excavation 
is considerably less compared with concrete—again, saving 
time and money.

Field Installation Instructions

The spigot and bell ends must be cleaned of any dirt or 
debris prior to assembly. The fluted gasket shall be placed 
in the first corrugation with the lower flute nearest the end 
of the pipe. The bell & gasket shall be thoroughly lubed just 

before stabbing in the bell. Do not place hands, fingers, 
or any other body parts between bell and spigot during 
assembly. If it is necessary to pull the joint apart, the bell, 
spigot and gasket shall be inspected and cleaned of any dirt 
or debris prior to re-stabbing.

Corrugated Metal Pipe Bell and Spigot 
Joint Specification

The joints shall be of such design and the ends of the 
corrugated metal pipe sections so formed that the pipe can 
be laid together to make a continuous line of pipe. The joint 
shall be made from the same material as the pipe and shall 
prevent infiltration of the fill material.

Corrugation to Engage Pipe End

Fluted Gasket with the Lower Flute Nearest to 
the Pipe EndQUICK STAB Bell

Pipe with Rerolled End

12.5”

Stab
Direction

Bell and Spigot Coupling System for CMP

This Side is
Assembled at
the Plant
with a gasket. Fluted Gasket

The Bell and Spigot joint is available on ULTRA FLO and 
2-2/3” x 1/2” corrugation in 15” through 60” diameter.

Sleeve Lap is Skip 
Welded
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OVERALL WIDTH

W

End Sections 
Easily installed, easily maintained culvert end 
treatments for corrugated metal pipe, reinforced 
concrete pipe and HDPE Pipe

Contech End Sections provide a practical, economical and 
hydraulically superior method of finishing a variety of culvert 
materials.

The lightweight, flexible metal construction of Contech 
End Sections creates an attractive, durable and erosion-
preventing treatment for all sizes of culvert inlets and 
outlets. They can be used with corrugated metal pipe having 
either annular or helical corrugations, and both reinforced 
concrete and plastic pipes. End sections can be salvaged 
when lengthening or relocating the culvert.

Standard End Sections are fabricated from pregalvanized 
steel. For added corrosion resistance, Aluminized Type II 
or Aluminum End Sections are available in smaller sizes. 
Special End Sections for multiple pipe installations may be 
available on a specific inquiry basis.

Better hydraulics

Flow characteristics are greatly improved by the exacting 
design of Contech End Sections. Scour and sedimentation 
conditions are improved, and headwater depth can be 
better controlled. Culverts aligned with the stream flow and 
finished with Contech End Sections generally require no 
additional hydraulic controls.

Improved appearance

Contech End Sections blend well with the surroundings. The 
tapered sides of an End Section merge with slope design to 
improve roadside appearance. Unsightly weeds and debris 
collection at the culvert end are reduced.

Economical installation

Lightweight equipment and simple crew instructions result 
in smooth and easy installation. Contech End Sections are 
easily joined to culvert barrels, forming a continuous, one-
piece structure. For easiest installation, End Sections should 
be installed at the same time as the culvert. Installation is 
completed by tamping soil around the End Section.

Low maintenance

Contech End Sections reduce maintenance expense because 
their tapered design promotes easier mowing and snow 
removal. There is no obstruction to hamper weed cutting.

Notes for all End Sections:
1. All three-piece bodies to have 12-gage sides and 10-gage center panels. 

Multiple panel bodies to have lap seams which are to be tightly joined by 
galvanized rivets or bolts.

2. For 60” through 84” sizes, reinforced edges are supplemented with 
stiffener angles. The angles are attached by galvanized nuts and bolts. For 
the 66” and 72” equivalent round pipe-arch sizes, reinforced edges are 
supplemented by angles. The angles are attached by galvanized nuts and 
bolts.

3. Angle reinforcements are placed under the center panel seams on the 66” 
and 72” equivalent round pipe-arch sizes.

4. Toe plate is available as an accessory, when specified on the order, and will 
be same gage as the End Section.

5. Stiffener angles, angle reinforcement, and toe plates are the same base 
metal as end section body.

6. End sections with 6:1 and 4:1 slopes are available in 12” 
through 24” diameters.

7. Actual dimensions may vary slightly.
8. During manufacturing, a slight invert slope may result along the length of 

the end section to be accommodated in the field.

Typical Cross Section

Variable Slope

L

1

Elevation

Reinforced Edge

H

Optional Toe 
Plate Extension

8”
2”

Elevation

Reinforced Edge

H

Optional Toe 
Plate Extension

8”
2”

Plan
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Approximate Dimensions, Inches (7)

Span/Rise Equiv. Round 
(Inches)

Gage A  (+/- 1") 
(Inches)

B (Max) 
(Inches)

H (+/- 1") 
(Inches)

W (+/- 2")
(Inches)

L (+/- 2") 
(Inches)

Overall Width 
(+/- 4") (Inches)

53”x41” 48 12 18 25 12 90 63 126

60”x46” 54 12 18 34 12 102 70 138

66”x51” 60 12/10 18 33 12 116 77 152

73”x55” 66 12/10 18 36 12 126 77 162

81”x59” 72 12/10 18 39 12 138 77 174

87”x63” 78 12/10 20 38 12 148 77 188

95”x67” 84 12/10 20 34 12 162 87 202

103”X71” 90 12/10 20 38 12 174 87 214

112”x75” 96 12/10 20 40 12 174 87 214

 End Sections for Pipe-Arch (2-2/3” x 1/2”)

 End Sections for Round Pipe (2-2/3” x 1/2”, 3” x 1” and 5” x 1”)

 End Sections for Pipe-Arch (3” x 1” and 5” x 1”)

Approximate Dimensions, Inches (7)

Pipe Diameter 
(Inches)

Gage A  (+/- 1") 
(Inches)

B (Max) 
(Inches)

H (Min) 
(Inches)

L (+/-2") 
(Inches)

W (+/- 2") 
(Inches)

Overall Width 
(+/- 4") (Inches)

12 16 6 6 6 21 24 36

15 16 7 8 6 26 30 44

18 16 8 10 6 31 36 52

21 16 9 12 6 36 42 60

24 16 10 13 6 41 48 68

30 14 12 16 8 51 60 84

36 14 14 19 9 60 72 100

42 12 16 22 11 69 84 116

48 12 18 27 12 78 90 126

54 12 18 30 12 84 102 138

60 12/10 18 33 12 87 114 150

66 12/10 18 36 12 87 120 156

72 12/10 18 39 12 87 126 162

78 12/10 18 42 12 87 132 168

84 12/10 18 45 12 87 138 174

Approximate Dimensions, Inches (7)

Span/Rise Equiv. Round 
(Inches)

Gage A  (+/- 1") 
(Inches)

B (Max) 
(Inches)

H (+/- 1") 
(Inches)

L (+/- 2") 
(Inches)

W (+/- 2”) 
(Inches)

Overall Width 
(+/- 4") (Inches)

17”x13” 15 16 7 9 6 19 30 44

21”x15” 18 16 7 10 6 23 36 50

24”x18” 21 16 8 12 6 28 42 58

28”x20” 24 16 9 14 6 32 48 66

35”x24” 30 14 10 16 6 39 60 80

42”x29” 36 14 12 18 8 46 75 99

49”x33” 42 12 13 21 9 53 85 111

57”x38” 48 12 18 26 12 63 90 126

64”x43” 54 12 18 30 12 70 102 138

71”x47” 60 12/10 18 33 12 77 114 150

77”x52” 66 12/10 18 36 12 77 126 162

83”x57” 72 12/10 18 39 12 77 138 174



Note: The Type 3 connection is not illustrated. This connection is a one-foot length of pipe attached to the end section.

Type 1

End Of Pipe

Flat Strap 
Connector

Strap Bolt

Type 2

End Of Pipe

1/2” Threaded 
Rod

1/2” Threaded 
Rod

Type 5

Pipe To Which 
End Section Is 
Attached

Dimple Band 
Collar Bolted To 
End Section With 
3/8” Bolts

Contech End Sections attach to corrugated metal pipe, reinforced concrete and plastic pipe. 

Low-slope End Sections—Contech manufactures 
4:1 and 6:1 low-slope End Sections for 
corrugated metal pipe. This photo shows the 
optional field-attached safety bars.

End Sections are available for CSP 
Pipe-Arch 

End Section on Round CSP Contech End Sections are often used 
on concrete pipe. They can be used 
on both the bell and spigot end.
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ENGINEERED SOLUTIONS

Contech Engineered Solutions LLC is a leading provider of site solution products and services for the civil 
engineering industry.  Contech’s product portfolio includes bridges, drainage, retaining walls, sanitary 
sewer, stormwater, erosion control, soil stabilization and wastewater products.

For more information, call one of Contech’s Regional Offices located in the following cities:

Ohio (Corporate Office) 513-645-7000 
Colorado (Denver) 720-587-2700 

Florida (Orlando) 321-348-3520 

Maine (Scarborough) 207-885-9830

Maryland (Baltimore) 410-740-8490 

Oregon (Portland) 503-258-3180 

Texas (Dallas) 972-590-2000 

Visit our web site: www.ContechES.com
800-338-1122

NOTHING IN THIS CATALOG SHOULD BE CONSTRUED AS AN EXPRESSED WARRANTY OR AN IMPLIED WARRANTY OF 
MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE. SEE THE CONTECH STANDARD CONDITIONS OF 
SALE (VIEWABLE AT WWW.CONTECHES.COM/COS) FOR MORE INFORMATION.









Table 4. Runoff Coefficients for an Intensity = 0.2 in/hr for Urban Soil Types* 
Impervious % A Soil

RI =32 
B Soil
RI =56 

C Soil
RI =69 

D Soil
RI =75 

0 (Natural) 0.06 0.14 0.23 0.28
5 0.10 0.18 0.26 0.31
10 0.14 0.22 0.29 0.34
15 0.19 0.26 0.33 0.37
20 (1-Acre) 0.23 0.30 0.36 0.40
25 0.27 0.33 0.39 0.43
30 0.31 0.37 0.43 0.47
35 0.35 0.41 0.46 0.50
40 (1/2-Acre) 0.40 0.45 0.50 0.53
45 0.44 0.48 0.53 0.56
50 (1/4-Acre) 0.48 0.52 0.56 0.59
55 0.52 0.56 0.60 0.62
60 0.56 0.60 0.63 0.65
65 (Condominiums) 0.61 0.64 0.66 0.68
70 0.65 0.67 0.70 0.71
75 (Mobilehomes) 0.69 0.71 0.73 0.74
80 (Apartments) 0.73 0.75 0.77 0.78
85 0.77 0.79 0.80 0.81
90 (Commercial) 0.82 0.82 0.83 0.84
95 0.86 0.86 0.87 0.87
100 0.90 0.90 0.90 0.90

*Complete District’s standards can be found in the Riverside County Flood Control Hydrology Manual
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Modular Wetlands® System Linear
A Stormwater Biofiltration Solution

A Forterra Company
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OVERVIEW
The Bio Clean Modular Wetlands® System Linear (MWS Linear) represents a pioneering breakthrough 

in stormwater technology as the only biofiltration system to utilize patented horizontal flow, allowing for 

a smaller footprint, higher treatment capacity, and a wide range of versatility.  While most biofilters use 

little or no pretreatment, the Modular Wetlands System Linear incorporates an advanced pretreatment 

chamber that includes separation and pre-filter cartridges.  In this chamber, sediment and hydrocarbons 

are removed from runoff before entering the biofiltration chamber, reducing maintenance costs and 

improving performance. 

Horizontal flow also gives the system the unique ability to adapt to the environment 

through a variety of configurations, bypass orientations, and diversion applications. 

The Urban Impact
For hundreds of years, natural wetlands surrounding our shores have 

played an integral role as nature’s stormwater treatment system. 

But as cities grow and develop, our environment’s natural 

filtration systems are blanketed with impervious roads, 

rooftops, and parking lots. 

Bio Clean understands this loss and has spent 

years re-establishing nature’s presence in urban 

areas, and rejuvenating waterways with the 

MWS Linear.

APPROVALS
The Modular Wetlands® System Linear has successfully met years of challenging technical reviews and 

testing from some of the most prestigious and demanding agencies in the nation and perhaps the world. 

Here is a list of some of the most high-profile approvals, certifications, and verifications from around the 

country.

VA

Washington State Department of Ecology TAPE Approved
The MWS Linear is approved for General Use Level Designation (GULD) for Basic, 

Enhanced, and Phosphorus treatment at 1 gpm/ft2 loading rate. The highest performing 

BMP on the market for all main pollutant categories. 

California Water Resources Control Board, Full Capture Certification 
The Modular Wetlands® System is the first biofiltration system to receive certification as 

a full capture trash treatment control device.

Virginia Department of Environmental Quality, Assignment 
The Virginia Department of Environmental Quality assigned the MWS Linear the 

highest phosphorus removal rating for manufactured treatment devices to meet the new 

Virginia Stormwater Management Program (VSMP) regulation technical criteria.

Maryland Department of the Environment, Approved ESD
Granted Environmental Site Design (ESD) status for new construction, redevelopment, 

and retrofitting when designed in accordance with the design manual.

MASTEP Evaluation
The University of Massachusetts at Amherst – Water Resources Research Center issued 

a technical evaluation report noting removal rates up to 84% TSS, 70% total phosphorus, 

68.5% total zinc, and more.

Rhode Island Department of Environmental Management, Approved BMP
Approved as an authorized BMP and noted to achieve the following minimum removal 

efficiencies: 85% TSS, 60% pathogens, 30% total phosphorus, and 30% total nitrogen.

Texas Commission on 
Environmental Quality

Atlanta Regional 
Commission

ADVANTAGES

• FLOW CONTROL

• NO DEPRESSED PLANTER AREA

• AUTO DRAINDOWN MEANS NO 

MOSQUITO VECTOR

• HORIZONTAL FLOW BIOFILTRATION

• GREATER FILTER SURFACE AREA

• PRETREATMENT CHAMBER

• PATENTED PERIMETER VOID AREA

PERFORMANCE
The Modular Wetlands® System Linear continues to outperform other treatment methods with 

superior pollutant removal for TSS, heavy metals, nutrients, hydrocarbons, and bacteria.  Since 2007 

the MWS Linear has been field tested on numerous sites across the country and is proven to effectively 

remove pollutants through a combination of physical, chemical, and biological filtration processes. In 

fact, the MWS Linear harnesses some of the same biological processes found in natural wetlands in 

order to collect, transform, and remove even the most harmful pollutants. 



OPERATION
The Modular Wetlands® System Linear is the most efficient and versatile biofiltration system on the 

market, and it is the only system with horizontal flow which:

• Improves performance

• Reduces footprint

• Minimizes maintenance  

Figure 1 & Figure 2 illustrate the invaluable benefits of horizontal flow and the multiple treatment stages. 

Box Housing

Pre-filter Boxes

Curb Inlet

Figure 1Individual Media Filters

HORIZONTAL FLOW 
• Less clogging than downward flow biofilters

• Water flow is subsurface

• Improves biological filtration

PATENTED PERIMETER VOID AREA
• Vertically extends void area between the walls and 

the WetlandMEDIA™ on all four sides

• Maximizes surface area of the media for higher 

treatment capacity

WETLANDMEDIA
• Contains no organics and removes phosphorus

• Greater surface area and 48% void space

• Maximum evapotranspiration

• High ion exchange capacity and lightweight

FLOW CONTROL
• Orifice plate controls flow of water 

through WetlandMEDIA™ to a level lower 

than the media’s capacity

• Extends the life of the media and 

improves performance

DRAINDOWN FILTER
• The draindown is an optional feature that  

completely drains the pretreatment     

chamber

• Water that drains from the pretreatment      

chamber between storm events will be 

treated

2x to 3x more surface area than traditional downward flow bioretention systems.Figure 2,
Top View

SEPARATION
• Trash, sediment, and debris are separated before 

entering the pre-filter boxes

• Designed for easy maintenance access

PRE-FILTER BOXES
• Over 25 sq. ft. of surface area per box

• Utilizes BioMediaGREEN™ filter material

• Removes over 80% of TSS and 90% of hydrocarbons

• Prevents pollutants that cause clogging from migrating 

to the biofiltration chamber

2

DISCHARGE3

BIOFILTRATION2PRETREATMENT1

PERIMETER VOID AREAA

Flow Control
Riser

Draindown Line Outlet Pipe

Vertical Underdrain 
Manifold

BioMediaGREEN™

WetlandMEDIA™

1

3



CONFIGURATIONS
The Modular Wetlands® System Linear is the preferred biofiltration system of civil engineers across the 

country due to its versatile design.  This highly versatile system has available “pipe-in” options on most 

models, along with built-in curb or grated inlets for simple integration into your storm drain design.

CURB TYPE
The Curb Type configuration accepts sheet flow through a curb opening 

and is commonly used along roadways and parking lots.  It can be used in 

sump or flow-by conditions.  Length of curb opening varies based on model 

and size.

GRATE TYPE
The Grate Type configuration offers the same features and benefits as the 

Curb Type but with a grated/drop inlet above the systems pretreatment 

chamber.  It has the added benefit of allowing pedestrian access over the 

inlet.  ADA-compliant grates are available to assure easy and safe access. 

The Grate Type can also be used in scenarios where runoff needs to be 

intercepted on both sides of landscape islands.

DOWNSPOUT TYPE
The Downspout Type is a variation of the Vault Type and is designed to 

accept a vertical downspout pipe from rooftop and podium areas.  Some 

models have the option of utilizing an internal bypass, simplifying the overall 

design.  The system can be installed as a raised planter, and the exterior can 

be stuccoed or covered with other finishes to match the look of adjacent 

buildings.

VAULT TYPE
The system’s patented horizontal flow biofilter is able to accept inflow pipes 

directly into the pretreatment chamber, meaning the Modular Wetlands® 

can be used in end-of-the-line installations.  This greatly improves feasibility 

over typical decentralized designs that are required with other biofiltration/

bioretention systems.  Another benefit of the “pipe-in” design is the ability 

to install the system downstream of underground detention systems to 

meet water quality volume requirements. 

ORIENTATIONS

INTERNAL BYPASS WEIR 
(SIDE-BY-SIDE ONLY)
The Side-By-Side orientation places the 

pretreatment and discharge chambers adjacent 

to one another allowing for integration of internal 

bypass.  The wall between these chambers can act 

as a bypass weir when flows exceed the system’s 

treatment capacity, thus allowing bypass from the 

pretreatment chamber directly to the discharge 

chamber.

EXTERNAL DIVERSION WEIR STRUCTURE
This traditional offline diversion method can be 

used with the Modular Wetlands® System Linear

in scenarios where runoff is being piped to the 

system. These simple and effective structures 

are generally configured with  two outflow pipes.  

The first is a smaller pipe on the upstream side 

of the diversion weir - to divert low flows over to 

the MWS Linear for treatment.  The second is the 

main pipe that receives water once the system has 

exceeded treatment capacity and water flows over 

the weir.

FLOW-BY-DESIGN
This method is one in which the system is placed 

just upstream of a standard curb or grate inlet to 

intercept the first flush.  Higher flows simply pass 

by the MWS Linear and into the standard inlet 

downstream. 

END-TO-END
The End-To-End orientation 

places the pretreatment and

discharge chambers 

on opposite ends of the 

biofiltration chamber,

therefore minimizing the width 

of the system to 5 ft. (outside 

dimension).  This orientation is perfect 

for linear projects and street retrofits 

where existing utilities and sidewalks limit the 

amount of space available for installation. One 

limitation of this orientation is that bypass must 

be external.

SIDE-BY-SIDE
The Side-By-Side 

orientation places the 

pretreatment and

discharge chamber 

adjacent to one 

another with the 

biofiltration chamber running 

parallel on either side. This 

minimizes the system length, providing a highly 

compact footprint. It has been proven useful in 

situations such as streets with directly adjacent 

sidewalks, as half of the system can be placed 

under that sidewalk. This orientation also offers 

internal bypass options as discussed below.  

DVERT LOW FLOW DIVERSION 
This simple yet innovative diversion trough can be 

installed in existing or new curb and grate inlets 

to divert the first flush to the Modular Wetlands® 

System Linear via pipe. It works similar to a rain 

gutter and is installed just below the opening into 

the inlet. It captures the low flows and channels 

them over to a connecting pipe exiting out the 

wall of the inlet and leading to the MWS Linear. 

The DVERT is perfect for retrofit and green street 

applications that allow the system to be installed 

anywhere space is available. 

th 

e 

is perfect 

nning

DVERT Trough

BYPASS



MODEL # DIMENSIONS
WETLANDMEDIA

SURFACE AREA
(sq. ft.)

TREATMENT FLOW 
RATE
 (cfs)

MWS-L-4-4 4’ x 4’ 23 0.052

MWS-L-4-6 4’ x 6’ 32 0.073

MWS-L-4-8 4’ x 8’ 50 0.115

MWS-L-4-13 4’ x 13’ 63 0.144

MWS-L-4-15 4’ x 15’ 76 0.175

MWS-L-4-17 4’ x 17’ 90 0.206

MWS-L-4-19 4’ x 19’ 103 0.237

MWS-L-4-21 4’ x 21’ 117 0.268

MWS-L-6-8 7’ x 9’ 64 0.147

MWS-L-8-8 8’ x 8’ 100 0.230

MWS-L-8-12 8’ x 12’ 151 0.346

MWS-L-8-16 8’ x 16’ 201 0.462

MWS-L-8-20 9’ x 21’ 252 0.577

MWS-L-8-24 9’ x 25’ 302 0.693

MWS-L-10-20 10' x 20' 302 0.693

VOLUME-BASED DESIGNS 
HORIZONTAL FLOW BIOFILTRATION ADVANTAGE 

In the example above, the Modular Wetlands® System Linear is installed downstream of the 

UrbanPond storage system. The MWS Linear is designed for the water quality volume and 

will treat and discharge the required volume within local draindown time requirements. The 

MWS Linear’s unique horizontal flow design, gives it benefits no other biofilter has - the ability 

to be placed downstream  of detention ponds, extended dry detention basins, 

underground storage systems and permeable paver reservoirs. The system’s 

horizontal flow configuration and built-in orifice control allows it to be installed 

with just 6” of fall between inlet and outlet pipe for a simple connection to 

projects with shallow downstream tie-in points. 

DESIGN SUPPORT

Bio Clean engineers are trained to provide you with superior support for all volume sizing configurations 

throughout the country. Our vast knowledge of state and local regulations allow us to quickly and efficiently 

size a system to maximize feasibility. Volume control and hydromodification regulations are expanding the 

need to decrease the cost and size of your biofiltration system. Bio Clean will help you realize these cost 

savings with the MWS Linear, the only biofilter than can be used downstream of storage BMPs.

SPECIFICATIONS 
FLOW-BASED DESIGNS 
The Modular Wetlands® System Linear can be used in stand-alone applications to meet treatment flow 

requirements, and since it is the only biofiltration system that can accept inflow pipes several feet below the 

surface, it can be used not only in decentralized design applications but also as a large central end-of-the-line 

application for maximum feasibility.

ADVANTAGES

• BUILT-IN ORIFICE CONTROL STRUCTURE

• WORKS WITH DEEP INSTALLATIONS

• LOWER COST THAN FLOW-BASED DESIGN

• MEETS LID REQUIREMENTS

MODULAR WETLANDS® SYSTEM LINEAR WITH URBANPONDTM PRESTORAGE

 

 

 

UrbanPond

Single and Double Modules

 

 

ond



PLANT SELECTION
Abundant plants, trees, and grasses bring value and an aesthetic benefit 

to any urban setting, but those in the Modular Wetlands® System Linear 

do even more - they increase pollutant removal.  What’s not seen, but 

very important, is that below grade, the stormwater runoff/flow is being 

subjected to nature’s secret weapon: a dynamic physical, chemical, and 

biological process working to break down and remove non-point source pollutants.  The flow rate is controlled 

in the MWS Linear, giving the plants more contact time so that pollutants are more successfully decomposed, 

volatilized, and incorporated into the biomass of the Modular Wetlands’® micro/macro flora and fauna.

A wide range of plants are suitable for use in the Modular Wetlands®, but selections vary by location and climate.  

View suitable plants by visiting biocleanenvironmental.com/plants.

INSTALLATION MAINTENANCE

The Modular Wetlands® System Linear is simple, easy 

to install, and has a space-efficient design that offers 

lower excavation and installation costs compared to 

traditional tree-box type systems.  The structure of 

the system resembles precast catch basin or utility 

vaults and is installed in a similar fashion.  

The system is delivered fully assembled for quick 

installation.  Generally, the structure can be unloaded 

and set in place in 15 minutes.  Our experienced 

team of field technicians is available to supervise 

installations and provide technical support.

Reduce your maintenance costs, man hours, and 

materials with the Modular Wetlands® System 

Linear. Unlike other biofiltration systems that 

provide no pretreatment, the MWS Linear is a self-

contained treatment train which incorporates simple 

and effective pretreatment.  

Maintenance requirements for the biofilter itself are

almost completely eliminated, as the pretreatment 

chamber removes and isolates trash, sediments, and 

hydrocarbons. What’s left is the simple maintenance 

of an easily accessible pretreatment chamber that 

can be cleaned by hand or with a standard vac truck. 

Only periodic replacement of low-cost media in the 

pre-filter boxes is required for long-term operation, 

and there is absolutely no need to replace expensive 

biofiltration media.

INDUSTRIAL
Many states enforce strict regulations for discharges 

from industrial sites. The MWS Linear has helped 

various sites meet difficult EPA-mandated effluent 

limits for dissolved metals and other pollutants.

PARKING LOTS
Parking lots are designed to maximize space and the 

Modular Wetlands’® 4 ft. standard planter width 

allows for easy integration into parking lot islands 

and other landscape medians.

MIXED USE
The MWS Linear can be installed as a raised planter 

to treat runoff from rooftops or patios, making it 

perfect for sustainable “live-work” spaces.

RESIDENTIAL
Low to high density developments can benefit from 

the versatile design of the MWS Linear. The system 

can be used in both decentralized LID design and 

cost-effective end-of-the-line configurations.

STREETS
Street applications can be challenging due to limited 

space. The MWS Linear is very adaptable, and it 

offers the smallest footprint to work around the 

constraints of existing utilities on retrofit projects.

COMMERCIAL
Compared to bioretention systems, the MWS 

Linear can treat far more area in less space, meeting 

treatment and volume control requirements.

APPLICATIONS
The Modular Wetlands® System Linear has been successfully used on numerous new construction and retrofit 

projects.  The system’s superior versatility makes it beneficial for a wide range of stormwater and waste water 

applications - treating rooftops, streetscapes, parking lots, and industrial sites.

More applications include:
 • Agriculture    • Reuse    • Low Impact Development    • Waste Water
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RiversideCountyhastwodrainagesystems-sewersandstormdrains.Thestormdrain
systemwasdesignedtoreducefloodingbycarryingexcessrainwaterawayfromstreetsand
developedareas.Sincethestormdrainsystemdoesnotprovide
forwatertreatment,italsoservesthefunctionof
transportingpollutantsdirectlytoourlocalwaterways.

Stormwaterrunoffisapartofthenaturalhydrologicprocess.
However,landdevelopmentandconstructionactivitiescan
significantlyalternaturaldrainageprocessesandintroduce
pollutantsintostormwaterrunoff.Pollutedstormwaterrunofffrom
constructionsiteshasbeenidentifiedasamajorsourceofwater
pollutioninCalifornia.Itjeopardizesthequalityofourlocal
waterwaysandcanposeaseriousthreattothehealthofour
aquaticecosystems.

Becausepreventingpollutionismucheasierand
lesscostlythancleaningup“afterthefact,”the
CitiesandCountyofRiverside

StormWater/CleanWaterProtectionPrograminforms
residentsandbusinessesonpollutionpreventionactivities.This

pamphletdescribesvariousBestManagementPractices(BMPs)thatconstruction
siteoperatorscanusetopreventstormwaterpollution.

Inaccordancewithapplicablefederalandstatelaw,theCitiesandCountyofRiversidehave
adoptedordinancesforstormwatermanagementanddischargecontrolthatthe
dischargeofpollutantsintothestormdrainsystemorlocalsurfacewater.Thisincludes
dischargesfromconstructionsitescontainingsediment,concrete,mortar,paint,solvents,
lubricants,vehiclefluids,fuel,pesticides,andconstructiondebris.

TheFederal,Stateandlocalregulationsstrictlyprohibitthedischargeof
sedimentandpollutantsintothestreets,thestormdrainsystemorwaterways.Asanowner,
operatororsupervisorofaconstructionsite,youmaybeheldfinanciallyresponsibleforany
environmentaldamagecausedbyyoursubcontractorsoremployees.

unintended

Unlikesanitarysewers,stormdrainsarenotconnectedtoa
wastewatertreatmentplant–theyflowdirectlytoourlocal
streams,riversandlakes.

prohibit

PLEASENOTE:

StormWaterPollution...WhatYouShouldKnow StormWaterPollution...WhatYouShouldKnowSTORMWATERPOLLUTION
FROM

CONSTRUCTIONACTIVITIES

Thetwomostcommonsourcesof
stormwaterpollutionproblems
associatedwithconstructionactivitiesare

and.Failureto
maintainadequateerosionandsediment
controlsatconstructionsitesoftenresults
insedimentdischargesintothestorm
drainsystem,creatingmultipleproblems
onceitenterslocalwaterways.

Constructionvehiclesandheavy
equipmentcanalsotracksignificant
amountsofmudandsedimentonto
adjacentstreets.Additionally,windmay
transportconstructionmaterialsand
wastesintostreetsstormdrains,or
directlyintoourlocalwaterways.

erosionsedimentation

TheCitiesandCountyofRiverside
StormWater/CleanWaterProtectionProgram

TheCitiesandCountyofRiverside
StormWater/CleanWaterProtectionProgram

What you should know for...

StormWater PollutionStormWater Pollution

Developers

General Contractors

Home Builders

Construction Inspectors

Anyone in the construction
business

GENERAL
CONSTRUCTION &
SITE SUPERVISION

Best Management
Practices (BMPs)
for:

State Water Resources Control Board

Division of Water Quality

1001 I Street

Sacramento CA 95814

(916) 341-5455

Santa Ana Regional Water

Quality Control Board - Region 8

3737 Main Street, Suite 500

Riverside, CA 92501-3348

(909) 782-4130

San Diego Regional Water

Quality Control Board - Region 9

9771 Clairemont Mesa Blvd., Suite A

San Diego, CA 92124

(858) 467-2952

Colorado River Basin Regional Water

Quality Control Board - Region 7

73-720 Fred Waring Drive, Suite 100

Palm Desert, CA 92260

(760) 346-7491

www.swrcb.ca.gov/stormwtr/

www.swrcb.ca.gov/~rwqcb8/

www.swrcb.ca.gov/~rwqcb9/

www.swrcb.ca.gov/~rwqcb7/

Resources To report a hazardous materials spill,
call:

For recycling and hazardous waste
disposal, call:

To report an illegal dumping or a
clogged storm drain, call:

To order additional brochures or to obtain
information on other pollution prevention
activities, please call (909) 955-1200 or visit the
StormWater/CleanWater Protection Program
website at:

The StormWater/CleanWater Protection Program
gratefully acknowledges the Santa Clara Valley
Nonpoint Pollution Control Program, Alameda
Countywide CleanWater Program and the City of
LosAngeles Stormwater Management Division for
information provided in this brochure.

Riverside County Hazardous Materials
Emergency Response Team

8:00 a.m. – 5:00 p.m.
after 5:00 p.m.

In an emergency call:

(909) 358-5055
(909) 358-5245

911

(909) 358-5055

1-800-506-2555

www.co.riverside.ca.us/depts/flood/waterquality
npdes.asp

StormWater

CleanWater
PROTECTION PROGRAM



GENERAL CONSTRUCTION ACTIVITIES STORMWATER PERMIT
(Construction Activities General Permit)

The State Water Resources Control Board
(SWRCB) adopted a new Construction
Activities General Permit (WQ Order No. 99-
08DWQ) on August 19, 1999, superseding
the now expired SWRCB statewide General
Permit (WQ Order No. 92-08DWQ). This
permit is administered and enforced by the
SWRCB and the local Regional Water Quality
Control Boards (RWQCB). The updated
Construction Activities General Permit
establishes a number of new stormwater
management requirements for construction
site operator.

Yes, if construction activity results in the
disturbance of five or more acres of total land
area or is part of a common plan of
development that results in the disturbance of
five or more acres.

Obtain the permit package and submit the
completed Notice of Intent (NOI) form to the

Some construct ion act iv ies
stormwater permits are issued on a regional
basis. Consult your local RWQCB to find out if
your project requires coverage under any of
these permits.

NOTE:

Frequently Asked Questions:

Does my construction site
require coverage under the
Construction Activities General
Permit?

How do I obtain coverage
under the Construction
Activities General Permit?

SWRCB prior to grading or disturbing soil at
the construct ion site. For ongoing
construction activity involving a change of
ownership, the new owner must submit a new
NOI within 30 days of the date of change of
ownership. The completed NOI along with the
required fee should be mailed to the SWRCB.

Implement BMPs for non-stormwater
discharges year-round.

Prepare and implement a Stormwater
Pollution Prevention Plan (SWPPP) prior
to commencing construction activities.

Keep a copy of the SWPPP at the
construction site for the entire duration of
the project.

Calculate the anticipated stormwater run-
off.

Implement an effective combination of
erosion and sediment control on all soil
disturbed areas.

Conduct site inspections prior to
anticipated storm events, every 24-hours
during extended storm events, and after
actual storm event.

Perform repair and maintenance of BMPs
as soon as possible after storm events
depending upon worker safety.

What must I do to comply with
the requirements of the
Construction Activities General
Permit?

�

�

�

�

�

�

�

�

�

NOTE:

www.swrcb.ca.gov/stormwtr/

How long is this Construction
Activities General Permit in
effect?

Update the SWPPP as needed, to
manage pollutants or reflect changes in
site conditions.

Include description of post construction
BMPs at the construction site, including
parties responsible for long-term
maintenance.

The Permit coverage stays in effect untilyou
submit a Notice of Termination (NOT) to the
SWRCB. For the purpose of submitting a
NOT, all soil disturbing activities have to be
completed and one of the three following
criteria has to be met:

1. Change of ownership;

2. A uniform vegetative cover with 70
percent coverage has been established;
or,

3. Equivalent stabilization measures such
as the use of reinforced channel liners,
soil cement, fiber matrices, geotextiles,
etc., have been employed.

Please refer to the Construction
Activities General Permit for detailed
information. You may contact the SWRCB,
your local RWQCB, or visit the SWRCB
website at to
obtain a State Construction Activities
Stormwater General Permit packet.

BEST MANAGEMENT PRACTICES

�

�

�

�

�

�

�

�

�

Protect all storm drain inlets and streams
located near the construction site to
prevent sediment-laden water from
entering the storm drain system.

Limit access to and from the site. Stabilize
construction entrances/exits to minimize
the track out of dirt and mud onto adjacent
streets. Conduct frequent street
sweeping.

Protect stockpiles and construction
materials from winds and rain by storing
them under a roof, secured impermeable
tarp or plastic sheeting.

Avoid storing or stockpiling materials near
storm drain inlets, gullies or streams.

Phase grading operations to limit disturbed
areas and duration of exposure.

Perform major maintenance and repairs
of vehicles and equipment offsite.

Wash out concrete mixers only in
designated washout areas at the
construction site.

Set-up and operate small concrete mixers
on tarps or heavy plastic drop cloths.

Keep construction sites clean by
removing trash, debris, wastes, etc. on a
regular basis.

The following Best Management Practices (BMPs) can significantly reduce pollutant discharges from
your construction site. Compliance with stormwater regulations can be as simple as minimizing
stormwater contact with potential pollutants by providing covers and secondary containment for
construction materials, designating areas away from storm drain systems for storing equipment and
materials and implementing good housekeeping practices at the construction site.

�

�

�

�

�

�

Clean-up spills immediately using dry
clean-up methods (e.g., absorbent
materials such as cat litter, sand or rags
for liquid spills; sweeping for dry spills
such as cement, mortar or fertilizer) and
by removing the contaminated soil from
spills on dirt areas. .

Prevent erosion by implementing any or a
combination of soil stabilization practices
such as mulching, surface roughening,
permanent or temporary seeding.

Maintain all vehicles and equipment in
good working condition. Inspect frequently
for leaks, and repair promptly.

Practice proper waste disposal. Many
construction materials and wastes,
including solvents, water-based paint,
vehicle fluids, broken asphalt and
concrete, wood, and cleared vegetation
can be recycled. Materials that cannot be
recycled must be taken to an appropriate
landfill or disposed of as hazardous
waste.

Cover open dumpsters with secured tarps
or plastic sheeting. Never clean out a
dumpster by washing it down on the
construction site.

Arrange for an adequate debris disposal
schedule to insure that dumpsters do not
overflow.

What Should You Do?

Advance Planning to
Prevent Pollution

�

�

�

�

�

�

�

Note: Consult local
dra inage po l ic ies for more
information.

Remove existing vegetation only as
needed.

Schedule excavation, grading, and
paving operations for dry weather
periods, if possible.

Designate a specific area of the
construction site, well away from
storm drain inlets or watercourses,
for material storage and equipment
maintenance.

Develop and implement an effective
combinat ion of erosion and
s e d i m e n t c o n t r o l s f o r t h e
construction site.

Practice source reduction by
ordering only the amount of
materials that are needed to finish
the project.

Educate your employees and
subcontractors about stormwater
management requirements and
t h e i r p o l l u t i o n p r e v e n t i o n
responsibilities.

Control the amount of surface runoff
at the construction site by impeding
internally generated flows and using
berms or drainage ditches to direct
incoming offsite flows to go around
the site.



Riverside County has two drainage systems - sanitary sewers and storm drains.
The storm drain system is designed to help prevent flooding by carrying excess
rainwater away from streets. Since the storm drain system does not provide for
water treatment, it also serves the

function of transporting
pollutants directly to our waterways.

In recent years, awareness of the need
to protect water quality has increased.
As a result, federal, state, and local
programs have been established to
reduce polluted stormwater discharges to
our waterways. The emphasis of these
programs is to prevent stormwater
pollution since it’s much easier, and less
costly, than cleaning up “after the fact.”

unintended

Unlike sanitary sewers, storm
drains are not connected to a
treatment plant - they flow directly
to our local streams, rivers and
lakes.

DID YOU KNOW . . .

National Pollutant Discharge Elimination System (NPDES)

StormWater Pollution . . . What you should know

Many industrial facilities

and manufacturing operations

must obtain coverage under the

Industrial Activities Storm Water

General Permit

FIND OUT
IF YOUR FACILITY

MUST OBTAIN A PERMIT

StormWater Pollution . . . What you should know

National Pollutant Discharge Elimination System (NPDES)

In 1987, the Federal Clean Water Act was amended to establish a framework for
regulating industrial stormwater discharges under the NPDES permit program. In
California, NPDES permits are issued by the State Water Resources Control Board
(SWRCB) and the nine (9) Regional Water Quality Control Boards (RWQCB). In
general, certain industrial facilities and manufacturing operations must obtain
coverage under the Industrial Activities Storm Water General Permit if the type of
facilities or operations falls into one of the several categories described in this
brochure.

For more information on the General Industrial
Storm Water Permit contact:

State Water Resources Control Board (SWRCB)
(916) 657-1146 or www.swrcb.ca.gov/ or, at your
Regional Water Quality Control Board (RWQCB).

Santa Ana Region (8)
California Tower
3737 Main Street, Ste. 500
Riverside, CA 92501-3339
(909) 782-4130

San Diego Region (9)
9771 Clairemont Mesa Blvd., Ste. A
San Diego, CA 92124
(619) 467-2952

Colorado River Basin Region (7)
73-720 Fred Waring Dr., Ste. 100
Palm Desert, CA 92260
(760) 346-7491

StormWater

CleanWater
PROTECTION PROGRAM

SPILL RESPONSE AGENCY:

HAZARDOUS WASTE DISPOSAL:

RECYCLING INFORMATION:

TO REPORT ILLEGAL DUMPING OR A CLOGGED

STORM DRAIN:

HAZ-MAT: (909) 358-5055

(909) 358-5055

1-800-366-SAVE

1-800-506-2555

To order additional brochures or to obtain information
on other pollution prevention activities, call:

(909) 955-1111.

Riverside County gratefully acknowledges the State
Water Quality Control Board and the American Public
Works Association, Storm Water Quality Task Force for
the information provided in this brochure.

DID YOU KNOW . . .

YOUR FACILITY MAY

NEED A STORM WATER

PERMIT?

For Information:



A BMP is . . .

How Do I Know If I Need A Permit?
What are the requirements of the

Industrial Activities Storm Water General Permit?

Following are of the
industry categories types that are regulated by the
Industrial Activities Storm Water General Permit.
Contact your local Region Water Quality Control
Board to determine if your facility/operation
requires coverage under the Permit.

Facilities such as cement manufacturing;
feedlots; fertilizer manufacturing; petroleum
refining; phosphate manufacturing; steam electric
power generation; coal mining; mineral mining
and processing; ore mining and dressing; and
asphalt emulsion;

general descriptions

Facilities classified as lumber and wood
products (except wood kitchen cabinets); pulp,
paper, and paperboard mills; chemical producers
(except some pharmaceutical and biological
products); petroleum and coal products; leather
production and products; stone, clay and glass
products; primary metal industries; fabricated
structural metal; ship and boat building and
repairing;

Active or inactive mining operations and
oil and gas exploration, production, processing, or
treatment operations;

Hazardous waste treatment, storage, or
disposal facilities;

�

�

�

�

�

�

�

�

�

�

Landfills, land application sites and open

dumps that receive or have received any industrial

waste; unless there is a new overlying land use

such as a golf course, park, etc., and there is no

discharge associated with the landfill;

Facilities involved in the recycling of

materials, including metal scrap yards, battery

reclaimers, salvage yards, and automobile

junkyards;

Steam electric power generating facilities,

facilities that generate steam for electric power by

combustion;

Transportation facilities that have vehicle

maintenance shops, fueling facilities, equipment

cleaning operations, or airport deicing operations.

This includes school bus maintenance facilities

operated by a school district;

Sewage treatment facilities;

Facilities that have areas where material

handling equipment or activities, raw materials,

intermediate products, final products, waste

materials, by-products, or industrial machinery

are exposed to storm water.

How do I obtain coverage under the
Industrial Activities Storm Water General Permit?

Obtain a permit application package from your local Regional Water Quality Control Board listed on the back

of this brochure or the State Water Resources Control Board (SWRCB). Submit a completed Notice of Intent

(NOI) form, site map and the appropriate fee ($250 or $500) to the SWRCB. Facilities must submit an NOI

thirty (30) days prior to beginning operation. Once you submit the NOI, the State Board will send you a letter

acknowledging receipt of your NOI and will assign your facility a waste discharge identification number (WDID

No.). You will also receive an annual fee billing. These billings should roughly coincide with the date the State

Board processed your original NOI submittal.
WARNING: There are significant penalties for non-compliance: a minimum fine of $5,000 for failing to obtain permit

coverage, and, up to $10,000 per day, per violation plus $10 per gallon of discharge in excess of 1,000 gallons.

any

discharge to a storm drain system that is not

composed entirely of storm water. The following

non-storm water discharges are authorized by the

General Permit: fire hydrant flushing; potable

water sources, including potable water related to

the operation, maintenance, or testing of potable

water systems; drinking fountain water;

atmospheric condensates including refrigeration,

air conditioning, and compressor condensate;

irrigation drainage; landscape watering; springs;

non-contaminated ground water; foundation or

footing drainage; and sea water infiltration where

the sea waters are discharged back into the sea

water source.

A Non-Storm Water Discharge is...

The basic requirements of the Permit are:

The facility must eliminate any non-stormwater discharges or obtain a separate permit for such

discharges.

The facility must develop and implement a Storm Water Pollution Prevention Plan (SWPPP). The

SWPPP must identify sources of pollutants that may be exposed to stormwater. Once the sources of

pollutants have been identified, the facility operator must develop and implement Best Management

Practices (BMPs) to minimize or prevent polluted runoff.

The facility must develop and implement a Monitoring Program that includes conducting visual

observations and collecting samples of the facility’s storm water discharges associated with industrial

activity. The General Permit requires that the analysis be conducted by a laboratory that is certified by the

State of California.

The facility must submit to the Regional Board, every July 1, an annual report that includes the results of

its monitoring program.

1.

2.

3.

4.

Guidance in preparing a SWPPP is available from a document prepared by the California Storm Water

Quality Task Force called the California Storm Water Best Management Practice Handbook.

a technique, process, activity,

or structure used to reduce the pollutant content of

a storm water discharge. BMPs may include

simple, non-structural methods such as good

housekeeping, staff training and preventive

maintenance. Additionally, BMPs may include

structural modifications such as the installation of

berms, canopies or treatment control (e.g. setting

basins, oil/water separators, etc.)



The Updated Model Water Efficient Landscape Ordinance
C A L I F O R N I A  D E P A R T M E N T  O F  W A T E R  R E S O U R C E S

Landscapes are essential to the quality of life in California. They provide areas
for recreation, enhance the environment, clean the air and water, prevent 
erosion, offer fire protection and replace ecosystems lost to development. 

California’s economic prosperity and environmental quality are dependant on 
an adequate supply of water for beneficial uses. In California, about half of the 
urban water used is for landscape irrigation.  Ensuring efficient landscapes
in new developments and reducing water waste in existing landscapes are the 
most cost-effective ways to stretch our limited water supplies and ensure that 
we continue to have sufficient water for California to prosper.  

The Water Conservation in Landscaping Act of 2006 (Assembly Bill 1881, Laird) 
requires cities, counties, and charter cities and charter counties, to adopt 
landscape water conservation ordinances by January 1, 2010.  Pursuant to this 
law, the Department of Water Resources (DWR) has prepared a Model Water 
Efficient Landscape Ordinance (Model Ordinance) for use by local agencies. 
The Model Ordinance was approved by the Office of Administrative Law on 
September 10, 2009. The Model Ordinance became effective on September 10.

All local agencies must adopt a water efficient landscape ordinance by
January 1, 2010. The local agencies may adopt the state Model Ordinance,
or craft an ordinance to fit local conditions. In addition, several local agencies
may collaborate and craft a region-wide ordinance.  In any case, the adopted 
ordinance must be as effective as the Model Ordinance in regard to water 
conservation.

For more information, please visit our web site at
DWR October 2009 http://www.water.ca.gov/wateruseefficiency/landscapeordinance/



Water purveyors have an important role.
The enabling statute was directed to local agencies that make land use decisions and approve land development.
Active participation by water purveyors can make the implementation, enforcement and follow-up actions of an
ordinance more effective. 

Most new and rehabilitated landscapes are subject to a water efficient landscape ordinance. Public landscapes and private 
development projects including developer installed single family and multi-family residential landscapes with at least
2500 sq. ft. of landscape area are subject to the Model Ordinance .

Homeowner provided landscaping at single family and multi-family homes are subject to the Model Ordinance if the 
landscape area is at least 5000 sq. ft

Existing landscapes are also subject to the Model Ordinance. 
Water waste is common in landscapes that are poorly designed or not well maintained. Water waste (from runoff,
overspray, low head drainage, leaks and excessive amounts of applied irrigation water in landscapes is prohibited by 
Section 2, Article X of the California Constitution. 

Any landscape installed prior to January 1, 2010, that is at least one acre in size may be subject to irrigation audits, irrigation 
surveys or water use analysis programs for evaluating irrigation system performance and adherence to the Maximum 
Applied Water Allowance as defined in the 1992 Model Ordinance with an Evapotranspiration Adjustment Factor (ETAF)
of 0.8. Local agencies and water purveyors (designated by the local agency) may institute these or other programs to 
increase efficiency in existing landscapes.

All new landscapes will be assigned a water budget.
The water budget approach is a provision in the statute that ensures a landscape is allowed sufficient water. There are
two water budgets in the Model Ordinance; the Maximum Applied Water Allowance (MAWA) and the Estimated Total 
Water Use (ETWU).

The MAWA, is the water budget used for compliance and is an annual water allowance based on landscape area, local 
evapotranspiration and ETAF of 0.7. The ETWU is an annual water use estimation for design purposes and is based on
the water needs of the plants actually chosen for a given landscape. The ETWU may not exceed the MAWA.

Water efficient landscapes offer multiple benefits.
Water efficient landscapes will stretch our limited water supplies.  Other benefits include reduced irrigation runoff,
reduced pollution of waterways, less property damage, less green waste, increased drought resistance and a smaller
carbon footprint. 

The Department of Water Resources will offer technical assistance.
The Department plans to offer a series of workshops, publications and other assistance for successful adoption and
implementation of the Model Ordinance or local water efficient landscape ordinances. Information regarding these 
resources may be found on the DWR website: http://www.water.ca.gov/wateruseefficiency/landscapeordinance/ 

Questions on the Model Ordinance may be sent by e-mail to DWR staff at: mweo@water.ca.gov.

Model Water Efficient Landscape Ordinance
C A L I F O R N I A  D E P A R T M E N T  O F  W A T E R  R E S O U R C E S

Important points
to consider...



R-3
AUTOMOBILE PARKING 

The activities outlined in this fact 
sheet target the following 
pollutants: 
Sediment x
Nutrients
Bacteria
Foaming Agents 
Metals X
Hydrocarbons X
Hazardous Materials x
Pesticides and 
Herbicides
Other

Parked automobiles may contribute pollutants to the storm 
drain because poorly maintained vehicles may leak fluids 
containing hydrocarbons, metals, and other pollutants.  In 
addition, heavily soiled automobiles may drop clods of dirt 
onto the parking surface, contributing to the sediment load 
when runoff is present.  During rain events, or wash-down 
activities, the pollutants may be carried into the storm drain 
system.  The pollution prevention activities outlined in this 
fact sheets are used to prevent the discharge of pollutants to 
the storm drain system.     

Think before parking your car. Remember - The ocean starts at your front door. 

Required Activities 
If required, vehicles have to be removed from the street during designated street 
sweeping/cleaning times. 

If the automobile is leaking, place a pan or similar collection device under the 
automobile, until such time as the leak may be repaired. 

Use dry cleaning methods to remove any materials deposited by vehicles (e.g. 
adsorbents for fluid leaks, sweeping for soil clod deposits). 

Recommended Activities
Park automobiles over permeable surfaces (e.g. gravel, or porous cement). 

Limit vehicle parking to covered areas. 

Perform routine maintenance to minimize fluid leaks, and maximize fuel 
efficiency. 

For additional information contact: 
County of Orange, OC Watershed
Main: (714) 955-0600/ 24hr Water Pollution Discharge Hotline 1-877-89-SPILL 
or visit our website at: www.ocwatersheds.com



R-8
WATER CONSERVATION 

Excessive irrigation and/or the overuse of water is often 
the most significant factor in transporting pollutants to 
the storm drain system. Pollutants from a wide variety of 
sources including automobile repair and maintenance, 
automobile washing, automobile parking, home and 
garden care activities and pet care may dissolve in the  
water and be transported to the storm drain.  In addition, 
particles and materials coated with fertilizers and 
pesticides may be suspended in the flow and be 
transported to the storm drain.  

Hosing off outside areas to wash them down not only 
consumes large quantities of water, but also transports any pollutants, sediments, and 
waste to the storm drain system.  The pollution prevention activities outlined in this fact 
sheets are used to prevent the discharge of pollutants to the storm drain system.     

The activities outlined in this fact 
sheet target the following 
pollutants: 
Sediment x
Nutrients x
Bacteria x
Foaming Agents x
Metals x
Hydrocarbons x
Hazardous Materials x
Pesticides and 
Herbicides

x

Other x

Think before using water. Remember - The ocean starts at your front door. 

Required Activities
Irrigation systems must be properly adjusted to reflect seasonal water needs. 

Do not hose off outside surfaces to clean, sweep with a broom instead. 

Recommended Activities 
Fix any leaking faucets and eliminate unnecessary water sources. 

Use xeroscaping and drought tolerant landscaping to reduce the watering needs. 

Do not over watering lawns or gardens.  Over watering wastes water and 
promotes diseases. 

Use a bucket to re-soak sponges/rags while washing automobiles and other 
items outdoors.  Use hose only for rinsing. 

Wash automobiles at a commercial car wash employing water recycling. 

For additional information contact: 
County of Orange, OC Watershed
Main: (714) 955-0600/ 24hr Water Pollution Discharge Hotline 1-877-89-SPILL 
or visit our website at: www.ocwatersheds.com



























































































Outdoor Loading/Unloading SC-30 
Objectives 

Cover

Contain

Educate

Reduce/Minimize

Product Substitution 

Targeted Constituents 

Sediment
Nutrients
Trash
Metals
Bacteria  
Oil and Grease 
Organics

Description
The loading/unloading of materials usually takes place outside 
on docks or terminals; therefore, materials spilled, leaked, or lost 
during loading/unloading may collect in the soil or on other 
surfaces and have the potential to be carried away by stormwater 
runoff or when the area is cleaned.  Additionally, rainfall may 
wash pollutants from machinery used to unload or move 
materials.  Implementation of the following protocols will 
prevent or reduce the discharge of pollutants to stormwater from 
outdoor loading/unloading of materials. 

Approach
Reduce potential for pollutant discharge through source control 
pollution prevention and BMP implementation.  Successful 
implementation depends on effective training of employees on 
applicable BMPs and general pollution prevention strategies and 
objectives.

Pollution Prevention 
Keep accurate maintenance logs to evaluate materials 
removed and improvements made. 

Park tank trucks or delivery vehicles in designated areas so 
that spills or leaks can be contained. 

Limit exposure of material to rainfall whenever possible. 

Prevent stormwater run-on. 

Check equipment regularly for leaks. 

January 2003 California Stormwater BMP Handbook 1 of 4 
 Industrial and Commercial 
 www.cabmphandbooks.com 



SC-30 Outdoor Loading/Unloading 

Suggested Protocols 
Loading and Unloading – General Guidelines 

Develop an operations plan that describes procedures for loading and/or unloading. 

Conduct loading and unloading in dry weather if possible. 

Cover designated loading/unloading areas to reduce exposure of materials to rain. 

Consider placing a seal or door skirt between delivery vehicles and building to prevent 
exposure to rain. 

Design loading/unloading area to prevent stormwater run-on, which would include grading 
or berming the area, and position roof downspouts so they direct stormwater away from the 
loading/unloading areas. 

Have employees load and unload all materials and equipment in covered areas such as 
building overhangs at loading docks if feasible. 

Load/unload only at designated loading areas. 

Use drip pans underneath hose and pipe connections and other leak-prone spots during 
liquid transfer operations, and when making and breaking connections.  Several drip pans 
should be stored in a covered location near the liquid transfer area so that they are always 
available, yet protected from precipitation when not in use.  Drip pans can be made 
specifically for railroad tracks.  Drip pans must be cleaned periodically, and drip collected 
materials must be disposed of properly. 

Pave loading areas with concrete instead of asphalt. 

Avoid placing storm drains in the area. 

Grade and/or berm the loading/unloading area to a drain that is connected to a deadend. 

Inspection
Check loading and unloading equipment regularly for leaks, including valves, pumps, flanges 
and connections. 

Look for dust or fumes during loading or unloading operations. 

Training
Train employees (e.g., fork lift operators) and contractors on proper spill containment and 
cleanup. 

Have employees trained in spill containment and cleanup present during loading/unloading. 

Train employees in proper handling techniques during liquid transfers to avoid spills. 

Make sure forklift operators are properly trained on loading and unloading procedures. 

2 of 4 California Stormwater BMP Handbook January 2003 
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Outdoor Loading/Unloading SC-30 

Spill Response and Prevention 
Keep your Spill Prevention Control and Countermeasure (SPCC) Plan up-to-date. 

Contain leaks during transfer. 

Store and maintain appropriate spill cleanup materials in a location that is readily accessible 
and known to all and ensure that employees are familiar with the site’s spill control plan and 
proper spill cleanup procedures. 

Have an emergency spill cleanup plan readily available. 

Use drip pans or comparable devices when transferring oils, solvents, and paints. 

Other Considerations (Limitations and Regulations) 
Space and time limitations may preclude all transfers from being performed indoors or 
under cover. 

It may not be possible to conduct transfers only during dry weather. 

Requirements 
Costs
Costs should be low except when covering a large loading/unloading area. 

Maintenance 
Conduct regular inspections and make repairs as necessary.  The frequency of repairs will 
depend on the age of the facility. 

Check loading and unloading equipment regularly for leaks. 

Conduct regular broom dry-sweeping of area. 

Supplemental Information 
Further Detail of the BMP 
Special Circumstances for Indoor Loading/Unloading of Materials 
Loading or unloading of liquids should occur in the manufacturing building so that any spills 
that are not completely retained can be discharged to the sanitary sewer, treatment plant, or 
treated in a manner consistent with local sewer authorities and permit requirements. 

For loading and unloading tank trucks to above and below ground storage tanks, the 
following procedures should be used: 

- The area where the transfer takes place should be paved.  If the liquid is reactive with the 
asphalt, Portland cement should be used to pave the area. 

- The transfer area should be designed to prevent run-on of stormwater from adjacent 
areas.  Sloping the pad and using a curb, like a speed bump, around the uphill side of the 
transfer area should reduce run-on. 
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SC-30 Outdoor Loading/Unloading 
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- The transfer area should be designed to prevent runoff of spilled liquids from the area.  
Sloping the area to a drain should prevent runoff.  The drain should be connected to a 
dead-end sump or to the sanitary sewer.  A positive control valve should be installed on 
the drain. 

For transfer from rail cars to storage tanks that must occur outside, use the following 
procedures: 

- Drip pans should be placed at locations where spillage may occur, such as hose 
connections, hose reels, and filler nozzles.  Use drip pans when making and breaking 
connections.

- Drip pan systems should be installed between the rails to collect spillage from tank cars. 

References and Resources 
California’s Nonpoint Source Program Plan http://www.swrcb.ca.gov/nps/index.html

Clark County Storm Water Pollution Control Manual 
http://www.co.clark.wa.us/pubworks/bmpman.pdf

King County Storm Water Pollution Control Manual http://dnr.metrokc.gov/wlr/dss/spcm.htm

Santa Clara Valley Urban Runoff Pollution Prevention Program http://www.scvurppp.org

The Storm Water Managers Resource Center http://www.stormwatercenter.net/



























































Attachment D
Infiltration Report



Attachment E
Rainfall Data (NOAA Atlas 14)



4/1/2020 Precipitation Frequency Data Server

https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=34.0589&lon=-117.7077&data=depth&units=english&series=pds 1/4

NOAA Atlas 14, Volume 6, Version 2
Location name: Montclair, California, USA* 
Latitude: 34.0589°, Longitude: -117.7077° 

Elevation: 923.53 ft**
* source: ESRI Maps 

** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Sarah Dietz, Sarah Heim, Lillian Hiner, Kazungu Maitaria, Deborah Martin, Sandra
Pavlovic, Ishani Roy, Carl Trypaluk, Dale Unruh, Fenglin Yan, Michael Yekta, Tan Zhao, Geoffrey

Bonnin, Daniel Brewer, Li-Chuan Chen, Tye Parzybok, John Yarchoan

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.121
(0.101‑0.147)

0.159
(0.133‑0.193)

0.210
(0.175‑0.255)

0.253
(0.208‑0.310)

0.312
(0.248‑0.395)

0.358
(0.279‑0.465)

0.406
(0.308‑0.541)

0.457
(0.337‑0.627)

0.528
(0.373‑0.756)

0.585
(0.398‑0.868)

10-min 0.174
(0.145‑0.210)

0.228
(0.190‑0.277)

0.301
(0.250‑0.366)

0.362
(0.298‑0.444)

0.447
(0.355‑0.567)

0.513
(0.399‑0.666)

0.582
(0.442‑0.775)

0.655
(0.483‑0.898)

0.757
(0.534‑1.08)

0.838
(0.571‑1.24)

15-min 0.210
(0.175‑0.254)

0.276
(0.230‑0.334)

0.364
(0.303‑0.443)

0.438
(0.361‑0.537)

0.540
(0.430‑0.685)

0.621
(0.483‑0.805)

0.704
(0.534‑0.938)

0.793
(0.584‑1.09)

0.916
(0.646‑1.31)

1.01
(0.690‑1.50)

30-min 0.308
(0.257‑0.372)

0.404
(0.337‑0.490)

0.534
(0.444‑0.649)

0.642
(0.529‑0.787)

0.791
(0.630‑1.00)

0.910
(0.708‑1.18)

1.03
(0.783‑1.37)

1.16
(0.856‑1.59)

1.34
(0.947‑1.92)

1.49
(1.01‑2.21)

60-min 0.457
(0.382‑0.553)

0.601
(0.501‑0.728)

0.794
(0.660‑0.964)

0.953
(0.786‑1.17)

1.18
(0.936‑1.49)

1.35
(1.05‑1.75)

1.53
(1.16‑2.04)

1.73
(1.27‑2.37)

1.99
(1.41‑2.86)

2.21
(1.50‑3.28)

2-hr 0.689
(0.575‑0.834)

0.899
(0.749‑1.09)

1.18
(0.978‑1.43)

1.40
(1.16‑1.72)

1.72
(1.37‑2.18)

1.96
(1.53‑2.55)

2.21
(1.68‑2.95)

2.48
(1.82‑3.39)

2.84
(2.00‑4.06)

3.12
(2.13‑4.63)

3-hr 0.872
(0.728‑1.06)

1.13
(0.946‑1.38)

1.48
(1.23‑1.80)

1.76
(1.45‑2.16)

2.15
(1.71‑2.73)

2.45
(1.90‑3.17)

2.75
(2.09‑3.67)

3.08
(2.27‑4.21)

3.52
(2.48‑5.03)

3.87
(2.63‑5.73)

6-hr 1.24
(1.03‑1.50)

1.60
(1.34‑1.94)

2.08
(1.73‑2.53)

2.48
(2.04‑3.03)

3.01
(2.40‑3.82)

3.43
(2.67‑4.45)

3.85
(2.92‑5.13)

4.30
(3.17‑5.89)

4.91
(3.46‑7.02)

5.39
(3.67‑7.99)

12-hr 1.63
(1.36‑1.98)

2.13
(1.77‑2.58)

2.78
(2.31‑3.37)

3.31
(2.73‑4.06)

4.04
(3.22‑5.13)

4.61
(3.59‑5.99)

5.20
(3.95‑6.92)

5.81
(4.28‑7.97)

6.66
(4.70‑9.53)

7.32
(4.98‑10.9)

24-hr 2.18
(1.93‑2.52)

2.87
(2.54‑3.31)

3.79
(3.34‑4.39)

4.55
(3.98‑5.31)

5.61
(4.75‑6.76)

6.44
(5.34‑7.92)

7.30
(5.91‑9.19)

8.20
(6.46‑10.6)

9.45
(7.14‑12.7)

10.4
(7.63‑14.6)

2-day 2.70
(2.39‑3.11)

3.61
(3.19‑4.17)

4.84
(4.27‑5.61)

5.88
(5.14‑6.86)

7.32
(6.20‑8.83)

8.47
(7.03‑10.4)

9.67
(7.83‑12.2)

10.9
(8.62‑14.2)

12.7
(9.63‑17.2)

14.2
(10.4‑19.8)

3-day 2.96
(2.62‑3.41)

4.00
(3.54‑4.62)

5.42
(4.78‑6.28)

6.62
(5.79‑7.72)

8.31
(7.03‑10.0)

9.65
(8.01‑11.9)

11.1
(8.96‑13.9)

12.6
(9.91‑16.3)

14.7
(11.1‑19.8)

16.4
(12.0‑22.9)

4-day 3.20
(2.83‑3.69)

4.36
(3.85‑5.03)

5.94
(5.24‑6.88)

7.27
(6.36‑8.49)

9.16
(7.75‑11.0)

10.7
(8.84‑13.1)

12.2
(9.91‑15.4)

13.9
(11.0‑18.0)

16.3
(12.3‑22.0)

18.2
(13.3‑25.4)

7-day 3.64
(3.22‑4.19)

5.01
(4.43‑5.78)

6.87
(6.06‑7.95)

8.44
(7.38‑9.84)

10.6
(9.00‑12.8)

12.4
(10.3‑15.2)

14.2
(11.5‑17.9)

16.2
(12.7‑20.9)

18.9
(14.3‑25.5)

21.1
(15.4‑29.4)

10-day 3.94
(3.49‑4.55)

5.46
(4.83‑6.31)

7.52
(6.63‑8.70)

9.25
(8.09‑10.8)

11.7
(9.88‑14.1)

13.6
(11.3‑16.7)

15.6
(12.6‑19.7)

17.8
(14.0‑23.0)

20.8
(15.7‑28.0)

23.2
(16.9‑32.3)

20-day 4.73
(4.19‑5.45)

6.61
(5.84‑7.63)

9.17
(8.09‑10.6)

11.3
(9.91‑13.2)

14.4
(12.2‑17.3)

16.8
(13.9‑20.7)

19.4
(15.7‑24.4)

22.1
(17.4‑28.6)

25.9
(19.6‑34.9)

29.0
(21.2‑40.4)

30-day 5.59
(4.95‑6.45)

7.81
(6.90‑9.01)

10.8
(9.56‑12.6)

13.4
(11.7‑15.7)

17.1
(14.5‑20.6)

20.0
(16.6‑24.6)

23.1
(18.7‑29.2)

26.5
(20.8‑34.3)

31.2
(23.6‑42.0)

35.0
(25.6‑48.8)

45-day 6.68
(5.91‑7.70)

9.24
(8.17‑10.7)

12.8
(11.3‑14.8)

15.9
(13.9‑18.5)

20.2
(17.1‑24.4)

23.8
(19.7‑29.3)

27.6
(22.3‑34.7)

31.6
(24.9‑41.0)

37.5
(28.3‑50.5)

42.2
(30.9‑58.9)

60-day 7.74
(6.85‑8.92)

10.6
(9.36‑12.2)

14.6
(12.9‑16.9)

18.0
(15.8‑21.0)

23.0
(19.5‑27.8)

27.1
(22.5‑33.4)

31.5
(25.5‑39.7)

36.3
(28.6‑47.0)

43.2
(32.7‑58.2)

48.8
(35.7‑68.2)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for
a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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