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2. Applicability. This pamphlet applies to HQUSACE elements and USACE commands having civil works and
military construction responsibilities.
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NPDES. Regulations that established NPDES application requirements for these discharges were promulgated
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1.0 INTRODUCTION

1.1 Pu~ose

This pamphlet provides guidance for the preparation and development of Storm Water

Pollution Prevention Plans for construction projects. The requirement for such plans is

regulated by Section 402 of the Federal Water Pollution Control Act (henceforth referred to as

the Clean Water Act or the CWA).

1.2 Applicability

The pamphlet applies to HQUSACE

military construction responsibilities.

1.3 Explanation of Terms

elements and USACE commands having civil works and

Terms and abbreviations used in this pamphlet are defined in Appendix J.

1.4 Regulatory Background

In 1972, the CWA was amended to provide that the discharge of pollutants to waters of the

United States from any point source is effectively prohibited unless the discharge is in

compliance with a National Pollutant Discharge Elimination System (NPDES) permit.

Amendments to the CWA in 1987 added Section 402(p) to the Act, which established a

framework for regulating municipal and industrial discharges of storm water under the NPDES.

Regulations that established NPDES application requirements for regulated municipal and

industrial storm water discharges were promulgated by the U.S. Environmental Protection

Agency (EPA) and published in the Federal Register on 16 November 1990. Additional

regulations promulgated by the EPA and published in the Federal Register on 9 September

1992 broadened the classification for industrial dischargers to include discharges associated
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with construction activities. EPA further defined construction activities to include any clearing,

grading, or excavation which results in the disturbance of at least 2 hectares (5 acres) of total

land area. The EPA regulations require that construction actwities disturbing an area of

2 hectares or more be regulated as an industrial activity and covered by an NPDES permit.

Construction activity on sites of less than 2 hectares requires a permit if the construction is

part of a larger common pIan of development or sale. Future revisions to the regulations are

expected to require NPDES permits for construction activities at substantial y less than

2 hectares. Presently, some states are requiring an NPDES permit for construction sites less

than 2 hectares and for construction sites located in environmentally sensitive areas.

According to the Federal regulations, permit coverage for storm water discharges associated

with construction activity can be obtained through individua/ permits or genera/ permits.

/ndividua/ permitting involves the submittal of specific data on a single construction project to

the appropriate permitting agency who will issue a site-specific NPDES permit for the project.

NPDES coverage under a genera/ permit involves the submittal of a notice of intent (NOI) by

the regulated construction project to comply with a genera/ permit, to be developed by the

EPA or a delegated State with general permitting authority.

The final Federal regulations (40 CFR 122.26[a][6]) require that storm water associated with

industrial activity from point sources which discharge through a nonmunicipal storm sewer

system be regulated either under a single NPDES permit issued to the system operator (the

principal permittee) with each discharger to the system listed as a copermittee to the operator,

or that each discharging entity to the nonmunicipal system obtain separate permit coverage.

The sole permitting of the nonmunicipal system is not an available option according to the

Federal regulations since the control of discharges into a private system is often beyond the

control of the system operator. The selection of one of the two available options is at the

discretion of the regulating authority.
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1.5 Program Approach

In terms of implementing the final regulations, the states are divided into three basic

categories: delegated NPDES states with general permitting authority; delegated NPDES

states without general permitting authority; and states without NPDES delegated authority.

Most states have moved toward implementation of the permitting process. However, not all

state programs are in place at this time. Appendix A contains a list of contacts for each state,

and readers are encouraged to contact the applicable regulatory representatives for up-to-date

information early in the permitting process.

The first step in the NPDES permitting process is the development of a Storm Water Pollution

Prevention Plan (SWPPP). The SWPPP has two major objectives: (1) to identify the source of

pollutants that affect the quality of the industrial storm water discharge; and (2) to describe

practices which shall be implemented to reduce the pollutants in the industrial storm water

discharge. The SWPPP is a requirement of the storm water discharge permit and is

considered by EPA to be a very important requirement of the NPDES permit. EPA requires

the development of a SWPPP for each construction activity covered by a general permit.

SWPPP’S shall be prepared in accordance with good engineering practices emphasizing storm

water Best Management Practices (BMP’s) and complying with Best Available Technology

Economically Achievable (BAT) and Best Conventional Pollutant Control Technology (BCT).

The SWPPP shall identify potential sources of pollution which may reasonably be expected to

affect storm water discharges associated with the construction activity. In addition, the

SWPPP shall describe and ensure the implementation of practices which are to be used to

reduce pollutants in storm water discharges associated with the construction activity and to

assure compliance with the terms and conditions of this permit. Facilities must implement the

provisions of the SWPPP required under this part as a condition of this permit.

This pamphlet is to be used as an environmental guidance manual for developing SWPPPS

for construction activities. It is not designed or intended to be used as a directions/or

operations document. Any operations developed for construction activity must be in
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compliance with EPA and other Federal and state regulations. The storm water control

measures and practices described herein should be used only when they meet or exceed all

applicable EPA or other Federal and state regulations concerning the control of hazardous or

toxic materials, erosion, sedimentation, storm water management, pollutants, and worker

safety. Any pollution prevention measures used on a construction site, but not identified

herein, should be included in the SWPPP.

Construction activities that are covered by the EPA baseline general permit (Issued

3 September 1992) must have a completed SWPPP prior to mobilization. It must

include the following:

1. Certifications required under Part IV.E of the general permit, prior to the

submittal of a notice of intent (NOI) to be covered under the permit and updated

as appropriate;

2. For construction activities that have begun on or before October 1, 1992,

except for sediment basins required under Part lV.D.2.a(2) (structural practices)

of the general permit, the plan shall provide for compliance with sediment

basins required under Part lV.D.2.a(a) of the general permit by no later than

December 1, 1992;

3. For construction activities that have begun after October 1, 1992, the SWPPP

shall provide for compliance with the terms and schedule of the general permit

beginning with the initiation of construction activities.

Other facilities that have filed an individual application must comply with the conditions of their

individual permit, when issued. In most states, the SWPPP is not submitted to the permitting

authority, but it must be retained onsite at the facility generating the discharge in accordance

with Pad V of the general permit. The SWPPP must be made

Program Director; to a state or local agency approving erosion

1-4
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grading plans, or storm water management plans; or, in the case of discharge through a

municipal separate storm sewer system with an NPDES permit, to the municipal operator of

the system. The SWPPP must be available for review by the permit authority and the public.

The permit authority may notify the construction activity representatives if the SWPPP for the

construction activity does not meet the minimal requirements. Table 1-1 gives a brief

description of each state’s status, concerning SWPPP’S, as of October 1993.

1.6 Statement of Policy for the Storm Water Pollution Prevention Plan

The U.S. Army Corps of Engineers (COE) intends to develop and implement the SWPPP (with

the expressed cooperation of any tenants, contractors, or subcontractors (contractors)) for the

purpose of minimizing the potential for the release of sediments and toxic or hazardous

substances directly, or

responsibilities of both

include:

indirectly, to the storm drainage system. To achieve this objective, the

the COE and any contractors for the facilities they individually operate

9 Implementing the policies and procedures presented in the SWPPP.

● Conducting periodic reviews of policies and procedures to evaluate the
effectiveness of the current SWPPP.

● Updating the SWPPP and related materials whenever there is a significant
physical change in a construction activity or a significant change in the
operational procedures of a construction activity that could result in the
discharge of pollutants to the storm water drainage system, or an increased risk
of such discharge.
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MA** 1 10I1I97* N 4/1/93” 10/1/93” Y* Y* N* Y“ Y“ Y*

m draft

MN 1 9/3o197 Y 1 year from 2 years from N N N N N N
coverage coverage

MS 98 7/13i97 N 41V93* lo/1/93* Y Y Y Y(lo) Y Y

MO many varies Y varies varies varies varies varies varies varies varies

MT 2 11/30/94 N(n) 6 months after 12 months after N N Y Y(5) Y Y
coverage coverage

NE 1 varies N wlin180&ys w/in180daysof N Y“ N Y Y N
ofcoverage completion

&adtine

NV 3 5/14/98 Y w/in6 months w/in 1 year of N N Y Y(15) Y(15) N
of authorization
authorization

NH** 1 10/1/97” N 4/1/93” 10/1/93” Y* Y* N* Y* Y* Y*

NJ 1 11/1/97 Y 5/~~3 11/2/94 N N N* N N N

SM** 1 10/1/97” N 4/1/93” 10/1/93” Y* Y* N* Y(14) Y Y(13)
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Table 1-1 (Continued)

Permits SWPPPS Monitoring

Special rqts Rep.
No. of Expiration Completion Implementation SARA Title Require Submit Monitoring Submit discharge

state Permits date Fees deadline deadline JII W.P.C. PE cert. SWPPP required results allowed

NY 1 8/1/?28 Y W94 8/1194 Y(14) Y“ N* Y Y Y“

NC 12 8/3 1/93 Y 12 months after 12 months after Y(12) N N*(13) Y(14) Y Y(13)
coverage coverage

ND 2 3/3 1/95 N wfm 90 days of w/in 180 &ys or Y* Y* Y(5) Y Y Y(7)
coverage 90 days of

approval

OH 1 4(26/94 Y 41V93* 10/1/93” Y* Y* N* Y* Y* Y*

OK** 1 10/1/97” N 4/1/93” 10W93* Y“ Y“ N* Y* Y* Y*

OR 12 9/30/96 Y w/in 180 &ys wfin 360 days of N Y N Y(5) Y Y
of coverage coverage

PA 1 1l/6B7 Y before before submitting Y Y N Y Y Y*
submitting NOI NOI

RI 2 Y 4/1/93” 10I1I93* Y“ Y* N* Y Y“ Y*

Sc 1 9/30/97 N 4/1/93” 10/1/93” Y* Y* N* Y* Y* Y*

SD*” 1 10/1/97” N 4/1/93” 10/1/93” Y* Y* N* Y* Y“ Y*

TN 1 10/26/97 N w/in180&ys within 1 year of Y* Y* N* Y Y Y
of coverage coverage

TX** 1 10/1/97” N 4/1/93” 10/1/93” Y* Y“ N* Y* Y* Y*

UT 1 9/30/97 Y 4/1/93” 10/1/93” Y* Y“ N* Y* Y*(2) Y*

VT** 1 10/1/97” N 4/1/93’ 10/1/93” Y* Y“ N* Y* Y* Y“

VA emergency
permits
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Table 1-1 (Concluded)

WA II I 11/18/95 I Y I 11/18/93

I6/7197 Y w/in 180 &ys
of coverage

WI Idraft I II

IWYl I8/3 1/97 N w/in 180 days
of coverage

Sw

Implementation
deadline

11/18/94

w/in 365 days of
coverage

w/in 365 days of
coverage

N IN

+

Y* Y*

1

Submit Monitoring Submit
SWPPP required results

N* N N

N* I Y Y

Rep.
discharge
allowed

N

Y(13)

N N N

Note:

Abbreviations and footnotes:

SWPPP StormWaterPollutionPreventionPlan
SARA SuperfundAmendmentsandReauthorizationAct
W.P.C. W-aterpriority chemicals
* Same asEPA requirements
** EpA Stak

PE ProfessionalEngineer
Y Yes
N No
(1) If SARA Title III water priority chemicals are involved
(2) Only for semiannual monitoring requirements
(3) Request-by-request basis
(4) Heavy industry Ody

(5) All permitters
(6) Unlessacute toxicity exceeds minimum
(7) Subject to the 20-percent rule
(8) Annurd reports submittal, not SWPPP
(9) Only those subject to effluent limitations
(10) SARA Title III, coal piles, wood treaters

~(11) Anticipated later
(12) Semiannual inspections required
(13)Upon requestandapprovrd
(14)Mustpostonsite
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2.0 PLANNING, ORGANIZATION,

EP 1110-1-16
28 Feb 97

AND SWPPP CERTIFICATION

2.1 Organization

The U.S. Army Corps of Engineers (COE) has developed a comprehensive approach to

address the permitting of storm water discharges associated with construction activity. Due to

the location and complexity of COE construction-related activities, the many contractors and

subcontractors, and the number of projects related to COE operations and maintenance, the

COE has elected to assume a role as a principal permittee with contractors who conduct

construction activities at COE sites included as copermittees on the permit. Individual

construction project operators (COE, tenants, and contractors) are responsible for the

implementation of SWPPP provisions and the monitoring and reporting requirements of the

general permit.

Many of the facilities under COE jurisdiction are comprised of numerous leaseholds

and tenants which are part of a “iarger common pian of deveiopment,” (i.e., miiitary

instaiiations). For this reason, COE wiii aiso require construction projects associated

with these types of facilities which disturb iess than 2 hectares (5 acres) to be inciuded

under permit coverage and thus subject to provisions of the SWPPP. COE wiii

assembie a working iist of proposed construction projects at each faciiity, and the iist

wiii be updated semiannually and incorporated into the SWPPP. COE wiii annuaiiy

submit NOi’s to cover construction activities at these types of installations.

This pamphlet is organized to function as a user’s guide to meet SWPPP requirements.

step-by-step guidelines and checklists in the following sections are designed to assist in

The

the

organization of the required information. Using this information, the pianner wiil deveiop and

implement the SWPPP following the six basic phases listed below. Each phase is important

and should be completed before advancing to the next one.
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. Site Planning and Design Development Phase.

● Assessment Phase.

● Control Selection/Plan Design Phase.

● Notification/Approval Phase.

● Implementation/Construction Phase.

● Final Stabilization/Termination Phase.

Developing an SWPPP is basically a six-phase process. The first three phases are primarily

the responsibility of the COE and any leasehold tenants planning construction activities. The

final three phases are the joint responsibility of the COE and leasehold tenants and the

construction site operators as co-permitters on a project-by-project basis. Because most

aspects of the SWPPP take a significant amount of planning, its development must be closely

connected to the development of the overall site plan for construction. Postconstruction storm

water management controls must be considered in the planning stage.

The first phase in preparing an SWPPP for a construction project is to define the

characteristics of the site and of the type of construction which will be occurring there. This

phase is divided into three tasks: (1) Data collection, (2) Data Analysis, and (3) Site Plan

Development. Section 3.0 describes these tasks in detail. The COE must address both

project design considerations and the implementation of the SWPPP during construction and

postconstruction phases of projects. Contractors will be primarily concerned with the

implementation of the SWPPP during the construction and postconstruction phases of

projects. The intent of this pamphlet is to place the various construction activities into

perspective in terms of the intent of EPA with respect to storm water control of construction

activities.

The reader should note the sections addressing special conditions, such as construction

activities located on sites containing Title Ill, Section 313, water priority chemicals listed in

Superfund Amendments and Reauthorization Act of 1986 (SARA), and/or other priority

the

pollutants. It is anticipated that most of the construction activities of the COE and leasehold
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tenants will not involve these special conditions, but some sites will—hence the inclusion of

these sections. Appendix H lists the Section 313 water priority chemicals as published in the

Federal Register on September 9, 1992. Since this list is subject to change, the designer

should review 40 CFR 122 and 40 CFR 372 for the current list of priority pollutants.

In order to ensure that the plan is completely developed and adequately implemented, the

regulations require that authorized representative(s) of the operator(s) sign and certify the

plan. Section 2.4 details this requirement. Once the planning, design, and certification are

completed, construction may commence. Section 6.0 details the requirements of

implementation, documentation, and termination.

2.2 SWPPP Planning

The term planning could include the project as a whole as well as planning for the SWPPP.

Design considerations for the project as a whole will affect the development of the SWPPP.

Three tasks should be completed before developing the SWPPP document. These tasks are:

(1) designating the person(s) responsible for developing and implementing the SWPPP,

(2) reviewing existing pollution prevention plans for procedures which overlap the

requirements and purpose of the SWPPP, such as state and local erosion and sedimentation

regulations, and (3) reviewing and addressing specific permit regulations included in individual

state NPDES Storm Water Permit requirements.

Designating a specific individual or team that will develop and implement the pollution

prevention plan serves several purposes. Naming the individual or team members makes it

clear that part of the job of the identified person(s) is to prevent storm water pollution.

Identifying a specific individual(s) also provides a point of contact for those outside of the

jobsite who may need to discuss aspects of the SWPPP.

Where setting up a pollution prevention team is appropriate, it is important to identify the key

people onsite who know the construction activity and its operations well, and to provide
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adequate structure and direction for the construction activity’s entire storm water management

program. Specific activities of the pollution prevention team and the type and number of

members vary for different sizes and types of projects.

Effective organization of the pollution prevention team is important in order for the team to

accomplish the task of developing and implementing a comprehensive SWPPP. There are

two important features in organizing a team of this nature: (1) selecting dedicated individuals

to serve on the team and (2) establishing good channels of communication.

The formation and operation of any team involves decision-making and planning within a

group environment. The team structure allows for people with different ideas and areas of

expertise to share knowledge and collectively determine what works best for a particular ~

construction activity. To broaden the base of involvement in the construction activity’s storm

water pollution prevention program, team members should represent all phases of the

construction activity’s operations.

It is advantageous to incorporate relevant provisions of best

Spill Prevention and Control Countermeasure (SPCC) plans

management practices (BMP’s)

from other activities into the

or

SWPPP. Many construction activities may already be subject to similar requirements under a

number of different regulations. The following is a partial list of Federal regulations relevant to

controlling potential releases to surface waters of hazardous wastes from the operations of

construction activities (and their contractors):

● 29 CFR 1910 (Subparts G, H, 1,J, and K) Hazardous Materials, Environmental
Controls, and Personnel Protection.

● 29 CFR 1910.1200 OSHA Hazard Communication Standard.

● 40 CFR 112 Oil Pollution Prevention (SPCC Plans).

. 40 CFR 116,117 Hazardous Substances and Reportable Quantities.

● 40 CFR 122 NPDES Regulations (Storm Water Discharges).
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9 40 CFR 260-262, 268, and 270-272 Hazardous Waste Management.

● 40 CFR 280-281 Underground Storage Tanks.

9 40 CFR 302 Designation, Reportable Quantities and Notification Requirements
for Hazardous Substances Under CERCLA.

● 40 CFR

● 40 CFR

● 49 CFR

372 Toxic Chemical Release Reporting: Community Right-to-Know.

761 Toxic Substances.

171-173, 175, and 177 Department of Transportation Regulations.

It is the responsibility of the pollution prevention team to understand the NPDES Storm Water

Permit requirements of the state where the construction activities are to take place and to

determine which requirements of the SWPPP overlap with other plans or requirements and to

so note them.

2.3 Storm Water Pollution Prevention Personnel

To ensure compliance with the NPDES permit regulations, it is necessary to establish a list of

personnel who will be responsible for overseeing and coordinating and, when necessary,

amending the policies, practices, and procedures of the SWPPP. These persons should be

knowledgeable in construction operations and capable of understanding the technical aspects

of the SWPPP. Trained personnel responsible for the execution of the SWPPP requirements

should be available at the jobsite. Depending upon the size of the construction project and

complexity of the SWPPP, it may be necessary to establish a team or committee of trained

personnel to implement the SWPPP.

The personnel chosen should be identified by name and title. Exhibit D-1, in Appendix D, is

provided to list names, titles, and phone numbers of the committee members. The storm

water pollution prevention team concept is flexible and should be molded to conform to the

resources and specific conditions of

water pollution prevention team and

the construction activity. Specific activities of the storm

type and number of members vary for different projects.
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The membership should be comprised

the requirements of SWPPP.

of at least two responsible persons knowledgeable in

For facilities leasing space to tenant operations, the SWPPP committee should include at least

one representative from each tenant operation. The SWPPP committee will be responsible for

overseeing the activities as outlined below and shall meet at least annually to address the

implementation of these activities:

9 Coordination of management in carrying out SWPPP objectives.

● Implementation of spill reporting procedures.

. Inspection programs for Stockpile Storage Areas.

● Identification of additional potential pollutant sources.

9 Coordination of spill cleanup and containment activities.

. Reviewing the effectiveness of the SWPPP program.

● Updating the SWPPP program to comply with BMP policies and objectives.

2.4 SWPPP Certification

In order to ensure that the SWPPP is completely developed and adequately implemented,

state-issued NPDES permits typically require that authorized representative(s) of the

operator(s) sign and certify the plan. In signing the plan, the authorized representative

certifies that the information is true and assumes liability for the plan.

Official signatures provide a basis for an enforcement action to be taken against the person

signing the document. The permittee should be aware that Section 309 of the CWA provides

for significant penalties where information is false or the permittee violates, either knowingly or

negligently, the permit requirements. Specific signatory requirements for the SWPPP will be

listed in the state-issued permits.
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On the Federal level, the SWPPP certification must be signed in accordance with the

provisions of Part V1l. G of the baseline general permit. All reports, certifications, or other

information required by the permit or requested by the permit authority shall be signed by a

person described below:

1. For a corporation, by a responsible corporate officer. For the purposes of this

section, a responsible corporate officer is a president, secretary, treasurer, or

vice-president of the corporation in charge of principal business function, or any

person who performs similar policy or decision-making functions for the

construction activity; or the manager of the construction activity if authority to

sign documents has been assigned or delegated to the manager in accordance

with corporate procedures;

2. For a partnership or sole proprietorship, by a general partner or the proprietor,

respectively;

3. For a municipality, state, Federal, or other public agency, by either a principal

executive officer or ranking elected official. For the purposes of this section, a

principal executive officer of a Federal agency includes (1) the chief executive

officer of the agency, or (2) a senior executive officer having responsibility for

the overall operations of a principal geographic unit of the agency.

The person who signs the document may also be a “duly authorized representative.” A

person is a duly authorized representative only if:

1. The authorization is made in writing by persons described above and retained

as part of the SWPPP.

2. The authorization specifies either an individual or a position having

responsibility for the overall operation of the regulated construction activity,
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such as the position of manager, operator, superintendent, or position of

equivalent responsibility for environmental matters for the company. A duly

authorized representative may thus be either a named individual or any

individual occupying a named position.

3. If an authorization is no longer accurate because a different individual or

position has responsibility for the overall operation of the construction activity, a

new authorization must be attached to the SWPPP prior to submittal of any

reports, certifications, or information signed by the authorized representative.

The SWPPP must clearly identify the contractor(s) and/or subcontractor(s) who will be

responsible for implementing the plan, and each must sign a copy of the certification located

in Appendix F. A certification page must also be signed by a duly authorized representative of

the COE and retained in the SWPPP document.

2.4.1 Notice of Intent

The NOI is essentially an application and contains important information about the site,

including site location, owner information, operator (general contractor) information, receiving

water(s), existing NPDES permit number, if any, an indication of existing quantitative data, and

a brief description of the project. EPA has developed a one-page form to be used by

industrial facilities and construction activities when they submit NOI’S. A copy of the Federal

NOI form is located in Appendix B.

There are different deadlines for submitting NOI’S depending on the permitting authority

responsible for issuing the NPDES permit. Time required to submit NOI’S can vary from

2 days prior to construction for Federal regulated permits to over 120 days prior to

construction for some states. The reader is referred to Appendix A for a list of state contacts

to determine who and where the NOI is to be submitted. NOI’S for the EPA general permit

must be submitted directly to EPA’s central processing center at the following address:
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Storm Water Notice of Intent (4203)
401 M Street, S.W.
Washington, DC 20460

Each party or each of the parties who have day-to-day responsibilities for site operations and

each party or each of the parties who have control over the designs and specifications

necessary to ensure compliance with SWPPP requirements and permit conditions must be

identified in the NOI. It is anticipated that there will be projects where more than one entity

(e.g., the owner, developer, or general contractor) will need to submit an NOI so that both of

the requirements for an operator are met. In this case, those persons will become co-

permitters.

2.4.2 Plan Location and Public Access

Some NPDES-delegated states may require SWPPP’S to be submitted to the Program

Director for review and approval, whereas other permits may only require that plans be

maintained onsite. Permitting authorities may prefer not to require plans to be submitted to

reduce the administrative burden of reviewing a large number of SWPPP’S. However, when

the Director requests the plan, permitters should submit the plan in a timely manner. In

addition, when requested, permitters should also submit their plan to state or local sediment

and erosion or storm water management agencies, or to a municipal operator where the site

discharges through an NPDES storm water permitted municipal separate storm sewer system.

Readers are again urged to examine the issued permit carefully to determine what

requirements apply to the SWPPP regarding plan submittal.

Regardless of whether or not the SWPPP is submitted to the permitting authority or other

public agency, the SWPPP and supporting materials must be kept at the site of the

construction activity at all times throughout the project. In maintaining plans onsite, the

SWPPP committee should keep all records and supporting documents compiled together in an

orderly fashion. The state-issued permit may require that all records be maintained for a

certain period of time after the project is completed. The Federal regulations require
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permitters to keep the SWPPP and all reports and data for at least 3 years after the project is

complete. This provision ensures that all records are available in case a legal situation arises

for which documentation is necessary.

Despite the fact that plans and associated records are not necessarily required to be

submitted to the Director, these documents are considered to be “reports” according to

Section 308(b) of the CWA and, therefore, are available to the public. State-issued permits

may require the submittal of copies of the SWPPP to the permitting authority, municipal

operator, or state or local agency upon request. However, permitters may claim certain

portions of their SWPPP as confidential according to the regulations at 40 CFR Part 2.

Basically, these regulations state that records which contain trade secret information may be

claimed as confidential.

2.5 Record of Revision

SWPPP elements will be modified as required (site inspections, additional BMPs, etc.) under

the general permit by the appropriate COE SWPPP coordinator. Elements specific to tenant

construction projects can be modified by the tenant project coordinator or duly authorized

representative, as required under the general permit. Copies of any changes made by the

tenant construction project coordinator must be immediately provided to the local COE

SWPPP coordinator. The SWPPP will also be amended at any time it inadequately addresses

conditions of the general permit or any amendments to the permit. The record of revision

forms are located in Appendix G and are labeled Table G-1 and Exhibit G-1.
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2.6 Special Requirements - SARA Title Ill, Section 313 Facilities

In addition to the minimum “baseline” requirements discussed previously, facilities may be

subject to additional “special requirements.” Not all facilities will have to include these special

requirements in their SWPPP. Special permit requirements for all facilities regulated by SARA

Title Ill, Section 313 [Emergency Planning and Community Right-to-Know Act (EPCRA)],

include;

2.6.1 Control

Control measures as

Measures

listed below must be practiced in areas

chemicals are stored, handled, processed, or transferred: (A

where Section 313 water priority

, list of Section 313 water priority

chemicals is located in Appendix H.)

● Provide containment, drainage control, and/or diversionary structures.

● Minimize discharges from liquid storage areas (install liquid materials in
compatible storage containers and/or provide secondary containment or
equivalent measures designed to hold the largest volume of the largest storage
tank plus precipitation).

● Minimize discharges from material storage areas.

● Minimize discharges from loading/unloading areas (use drip pans and/or
implement a strong spill contingency and integrity testing plan).

● Minimize discharges from handling/processing/transferring areas (use covers,
guards, overhangs, door skirts and/or conduct visual inspections or leak tests
for overhead piping).

● Minimize discharges from all the above-listed areas (use manually activated
valves with drainage controls in all areas, and/or equip the plant with a drainage
system to return spilled material to the storage facility).

● Introduce facility security programs to prevent spills (use fencing, lighting, traffic
control, and/or secure equipment and buildings).
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2.6.2 Preventative Maintenance

The SWPPP must include methods, controls, and procedures which will be incorporated to

minimize, limit, and/or prevent leaks or spills of Section 313 water priority chemicals, as

defined in the CWA, from occurringon the constructionsite. To prevent spills from occurring,

these facilitiesare required to designate a person responsiblefor spill prevention, response,

and reporting procedures. Any contaminated soil, material, or debris resulting from a spill of a

priority chemical shall be removed promptly and disposed of in accordance with Federal,

state, and local requirements and as described in the SWPPP. All areas of the construction

activity must be inspected at appropriate intewals for the following as specified in the plan:

w Leaks or conditions that would lead to discharges of Section 313 water priority
chemicals.

● Conditions that could lead to direct contact of storm water with raw materials,
intermediate materials, waste materials or products thereof.

● Piping, pumps, storage tanks and bins, pressure vessels, process and material
handling equipment, and material bulk storage areas for leaks, wind blowing
loose material, corrosion, support or foundation failure, or other deterioration or
noncontainment problems.

2.6.3 Training

Employees and contractorpersonnel must be trained in the following areas, at least once per

yeac

● Preventative measures, including spill prevention and response, construction
activity inspections, and preventative maintenance.

9 Pollution control laws and regulations.

● The construction activity’s SWPPP.

● Features and operations of the construction activity that are designed to
minimize discharges of Section 313 water priority chemicals, particularity spill
prevention procedures.

2-12



EP 1110-1-16
28 Feb 97

2.6.4 Engineering Certification

Certain states require that SWPPP plans be reviewed and certifiedby a Registered

ProfessionalEngineer and recertifiedevery 3 years or anytime the plan is significantly

changed.

2.6.5 MonitoringRequirements

SARA Title Ill Section 313 facilities must monitor semiannually storm water discharges that

come into contact with equipment, tanks, containers, or other vessels or areas used for

storage of Section 313 water priority chemicals, or located at a truck or rail car loading or

unloading area. Note that the permit provides an alternative to whole effluent toxicity (WET)

testing. In lieu of monitoring for acute WET, the facility may monitor for pollutants that the

facility “reasonably” believes are present onsite. Such determinations are to be based on

reasonable best efforts to identify significant quantities of materials or chemicals present

onsite. The pollutants are identified in Tables II and Ill of Appendix D of 40 CFR 122.

Further, the permit provides that if the discharger certifies that industrial activities in a given

drainage area are not exposed to storm

2.7 Special Requirements-Discharges

water, monitoring is not required.

to Municipal Separate Storm Sewer Systems

Additional requirements for storm water discharges associated with industrial activity

discharging to municipal separate storm sewer systems serving a population of 100,000 or

more include:

2.7.1 Compliance With Municipal Storm Water Management Programs

Activities must comply with applicable requirements in municipal storm water management

programs developed under NPDES permits issued for the discharge of the municipal separate
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storm sewer system that receives the construction activity’s discharge, provided the discharger

has been notified of such conditions, in addition to complying with the permit requirements.

2.7.2 Availability of Plans

Permitters which discharge storm water associated with industrial activity through a municipal

separate storm sewer system serving a population of 100,000 or more must make plans

available to the municipal operator of the system upon request.

2.8 Special Requirements—Releases of Reportable Quantities

Due to the fact that construction activities may handle certain hazardous substances over the

course of the project, spills of these substances in amounts that equal or exceed Reportable

Quantity (RQ) levels are a possibility. EPA has issued regulations which define what

reportable quantity levels are for oil and hazardous substances. These regulations are found

at 40 CFR Part 110, 40 CFR Part 117, or 40 CFR Part 302. For oil, if an oily sheen is

detectable in the storm water runoff, the reportable quantity level has been exceeded. For

hazardous substances, the final RQ levels depend on the chemical. For example, for dieidrin,

a pesticide, the level is 1 kilogram (kg). If there is a spill or other release of 1 kg or more, the

RQ threshold has been exceeded. Spill events such as these can be avoided if the SWPPP

addresses this possibility. Section 4 discusses spill prevention and control.
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3.0 SITE DESCRIPTION

3.1 Data Collection/Data Analysis

An inventory of the existing site conditions which will be used in the development of the

SWPPP will be required. The information obtained should be both plotted on a map and

verbally explained in this portion of the plan. After all data are considered, an assessment of

the site potentials and limitations should be made. The site planner or designer should be

able to determine those areas which have critical pollutant generation potential. The following

are some of the most important considerations in site analysis.

3.1.1

A small-scale

Topography

topographic map of the site should be prepared to show the existing contour

elevations at intervals of from 0.3 to 1.5 meters (1 to 5 feet) depending upon the slope of the

terrain. Existing topographic maps (e.g., U.S. Geological Survey (USGS) or local government

topos) can be a good starting point; however, the information should be verified by a field

investigation. The primary topographic considerations are slope steepness and slope length.

Because of the effect of accumulated runoff, erosion potential is greater on long, steep slopes.

When the percent slope has been determined, areas of similar steepness should be outlined.

Slope gradients can generally be grouped into three general ranges of soil erodability:

* Erosion Hazard

o-7% Low erosion hazard

7-15% Moderate erosion hazard

>15°A High erosion hazard

Within these slope gradient ranges, the erosion hazard becomes greater as the slope length

increases. Therefore, in determining potential critical areas, the site planner should be aware
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of excessively long slopes. As a general rule, the erosion hazard will become critical if the

slope exceeds the following criteria:

Si!Qf2Q Critical Lenqth, meters (feet~

0-7% 91 (300)

7-1570 46 (150)

>150?0 23 (75)

3.1.2 Drainage Patterns

All existing drainage swales and patterns on the site should be located and clearly marked on

the topographic map. Perennial or intermittent streams, as well as wetland areas, should also

be shown on the map. The existing drainage patterns, which consist of overland flow, swales

and depressions, and natural watercourses, should be identified in order to plan around critical

areas where water will concentrate. Where possible, natural drainageways should be used to

convey runoff over and off the site to avoid the expense and problems of constructing an

artificial drainage system. Man-made ditches and waterways can become part of the erosion

problem if they are not properly designed and constructed. Care should also be taken to be

sure that the increased runoff from the site will not erode or flood the existing natural drainage

system. Possible sites for storm water detention should be located at this time.

3.1.3 Soils

Major soil type(s) on the site should be shown on the topographic map. Soils information can

be obtained from a soil survey if one has been published for the county in which the project is

proposed. If a soil survey is not available, a request can be made to a district Soil

Conservation Service (SCS) office, a county extension service, or a state or Federal

Department of Agriculture. Commercial soils evaluations may also be available. Soils

information should be plotted directly onto the map or an overlay of the same scale for ease

of interpretation. Such soils properties as natural drainage, depth to bedrock, depth to
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seasonal high water table, permeability, shrink-swell potential, texture, and erodibility should

exert a strong influence on land development decisions.

3.1.4 Ground Cover

The existing vegetation such as tree clusters, grassy areas, and unique vegetation should be

shown on the map. In addition, existing denuded or exposed soil areas should be indicated.

Ground cover is the most important factor in terms of preventing erosion. Any existing

vegetation which can be saved will help prevent erosion. Trees and other vegetation protect

the soil, as well as beautify the site after construction. If the existing vegetation cannot be

saved, the planner should consider staging construction and using temporary seeding or

temporary mulching. Staging of construction involves stabilizing one part of the site before

disturbing another. In this way, the entire site is not disturbed at one time. Temporary

seeding and mulching involve seeding or mulching areas which would otherwise lie exposed

for long periods of time. Thus, the time of exposure is shortened and the erosion hazard is

reduced.

3.1.5 Adjacent Areas

Areas adjacent to the site should be delineated on the topographic map. Features such as

streams, roads, houses or other buildings, and wooded or wetland areas should be shown.

Streams which will receive runoff from the site should be surveyed to determine their carrying

capacity. The analysis of adjacent properties should focus on areas downslope from the

construction activity. Of major concern are watercourses which will receive direct runoff from

the site. The potential for sediment pollution of these watercourses should be considered, as

well as the potential for downstream channel erosion due to increased volume, velocity, and

peak flow rate of storm water runoff from the site. The potential for sediment deposition on

adjacent properties due to sheet and rill erosion should also be analyzed so that appropriate

sediment-trapping measures can be planned and installed prior to any land-disturbing activity.

Drainage from large areas upstream from proposed active construction sites should be
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diverted around thesites wherever possible. Whenever possible, diversionary drainage

channels should be established and stabilized before active site disturbance activities begin.

3.1.6 State/Local Requirements

Federal, state, and local agencies that undertake land-disturbing activities are generally

regulated by the same authorities that regulate private land-disturbing activities. Readers are

encouraged to contact local jurisdictional agencies such as the County Engineer regarding

permits, fees, and plan submission, as well as any other requirements. Facilities which are

already operating under approved state or local sediment and erosion plans, grading plans, or

storm water management plans are required to submit copies of the NOI to the agency

approving such plans in accordance with Part 11.Aof the general permit (or sooner where

required by state or local rules), in addition to submitting the NOI to EPA or the NPDES-

delegated authority in accordance with paragraph 11.Cof the general permit.

3.2 Site Plan Development

The permits issued by NPDES-delegated states will specify deadlines for plan development

and implementation. The sequence of events, assumably, will be that the SWPPP’S will be

completed and implemented at the time the project breaks ground and revised, if necessary,

as construction proceeds. The SWPPP should be in place before project initiation because

construction operations pose environmental risks as soon as activity begins. The initial

clearing and grubbing operation may contribute a significant amount of pollutants to storm

water runoff. The reader is urged to read the applicable permit carefully to determine what

dates and deadlines apply to the project,

The planning for pollution prevention measures should be done concurrently with the

development of the construction plans. The best SWPPP’S are developed at the same time

as the design of the site plan. However, if the site design has

not necessary to start the process all over again. Much of the
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SWPPP should already be included in the design documents. An SWPPP can be prepared

for most construction projects by using information from the existing design, and modifying the

design to accommodate the controls.

After analyzing the data and determining the site limitations, the planner can develop a site

plan. When designing the site plan, the planner should keep in mind that increases in runoff

may require structural runoff control measures or channel improvements. Both items are

expensive, and even more so when the site plan has to be redesigned to accommodate the

runoff control measures. Therefore, the planner should minimize the increase in runoff or

include runoff control measures in the initial design. The following are some issues to

consider when developing the site plan.

3.2.1 Controlled Grading

The development of an area should be tailored to the existing site conditions. This tailoring

will avoid unnecessary land disturbance, thereby minimizing the erosion hazards and costs.

Excessive cutting and filling should be avoided, if possible. Slopes should be at a maximum

of 2:1 or less, depending on soil type to provide for final stabilization.

3.2.2 Critical Areas

Land disturbance in critically erodible areas may necessitate the installation of more costly

control measures. See criteria for critical areas in Section 3.1.1.

3.2.3 Cluster Development

Whenever possible, developments in which facilities are clustered together, or performance of

construction is in a sequence of clusters, is a desired approach. The cluster concept

minimizes the amount of disturbed area, concentrates utility lines and connections in one
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area, and provides more open natural space. The cluster concept not only lessens the

erodible area, but it generally reduces runoff and generally reduces development costs.

3.2.4 Minimization of Imperviousness

Keep paved areas such as parking lots and roads to a minimum. This pavement minimization

goes hand-in-hand with cluster development in eliminating the need for duplicating parking

areas and access roads. The more land that is kept in vegetative cover, the more water will

infiltrate, thus

3.2.5

reducing runoff and erosion.

Utilization of Natural Drainage

If the natural drainage system of a site has been determined that it can properly handle runoff

generated during and after construction activities without resulting in bank and bed erosion,

the natural system should be preserved instead of being replaced with storm sewers or

concrete channels.

3.3 Storm Water Runoff Calculations

The problems associated with storm water runoff in rapidly urbanizing watersheds have

become well known. These problems relate both to the quantity and quality of storm water

runoff. Major problems include increased flooding magnitude and frequency, accelerated

stream channel erosion, and water quality degradation. The basic underlying cause of these

problems is not difficult to understand. The hydrologic systems which have reached a natural

equilibrium over centuries simply cannot adjust to the sudden impact of urban development.

Flooding occurs because the increased volume and peak rate of runoff exceed the natural

carrying capacity of the streams. Stream channel erosion accelerates due to suddenly

increased flow velocities and flooding frequency. The water quality itself is degraded by

sedimentation and numerous other pollutants associated with urbanization that become

available to be washed off the land surface and into water resources.
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Studies have shown that most natural stream channels are formed with a bankfull capacity to

pass runoff from a storm with a 1.5- to 2-year recurrence interval. As upstream development

occurs, the volume and velocity of flow from these relatively frequent storms increase.

Consequently, even smaller storms with less than 1-year recurrence intewals begin to cause

streams to flow full or flood. According to one study, stream channels are subject to a three-

to five-fold increase in the frequency of bankfull flows in a typical urbanizing watershed. This

increase in the flooding frequency places a stress on the channel to adjust its shape and

alignment to accommodate the increased flow. Unfortunately, this adjustment takes place in a

very short time in geologic terms, and the transition is usually not a smooth one. Meandering

stream channels, which were once parabolic in shape and covered with vegetation, typically

become straight, wide rectangular channels with barren vertical banks. This process of

channel erosion often causes significant property damage, and the resulting sediment is

transported downstream, further contributing to channel degradation.

One strategy for dealing with this problem is to increase the carrying capacity and stability of

affected streams through channel modifications. This strategy may be employed most

effectively on man-made channels or small, intermittent streams. Significant modifications to

natural, continuous flowing streams, however, can be the subject of intense local controversy.

Wherever modifications to natural flowing streams are being considered, extreme care must

be taken to weigh the benefits of such modifications against the cost and the concerns of the

local citizens. Where channel modifications are necessary, an attempt should be made to

incorporate conservation practices that will minimize adverse impacts to fish, wildlife, and the

aesthetic quality of the stream. In general, erosion and sedimentation controls, and the

overall SWPPP, are focused on preserving existing streamflow quantity and quality, whenever

possible.

The following storm water runoff requirements were developed to provide guidance for

designers and planners in the absence of state regulatory guidance or local storm water

management programs. These criteria are considered “rule of thumb” minimums:
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. Increased volumes of sheet flow that may cause erosion or sedimentation on
adjacent property must be diverted to a stable outlet, adequate channel, or
detention facility.

9 Concentrated storm water runoff leaving a development site must be
discharged directly into an adequate natural or man-made receiving channel,
pipe, or storm sewer system.

● An adequate channel is defined as “a watercourse that will convey a chosen
frequency storm event without overtopping its banks or causing erosive damage
to the bed, banks, and overbank sections of the watercourse.”

. A receiving channel may be considered adequate if the total drainage area to
the point of analysis in the channel is 100 times greater than the contributing
drainage area of the project site.

. For natural channels, the 2-year frequency storm is used to verify that storm
water will not overtop the channel banks nor cause erosion of the channel bed
or banks.

● For man-made channels, the 10-year frequency storm is used to verify that
storm water will not overtop the channel banks and the 2-year storm is used to
demonstrate that storm water will not cause erosion of the channel bed or
banks.

● For pipes and storm sewer systems, the 10-year frequency storm is used to
verify that storm water will be contained within the pipe or storm sewer.

If existing natural receiving channels or previously constructed man-made channels or pipes

are not adequate, the applicant must choose one of the following options.

● Improve the channels to a condition where the 10-year frequency storm will not
overtop the channel banks and the 2-year frequency storm will not cause
erosion to the channel bed or banks. The applicant must provide evidence of
permission to make the improvements.

. Improve the pipe or storm sewer system to a condition where the 10-year
frequency storm is contained within the appurtenances. The applicant must
provide evidence of permission to make the improvements.

8 Develop a site design such that when runoff discharges directly to a natural
channel, the postconstruction peak flow for the 2-year storm will be no greater
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than the predevelopment peak flow. When discharge is directed to a man-
made channel, the postconstruction peak flow for the 10-year storm will be no
greater than the predevelopment peak flow.

● Provide a combination of channel improvements, storm water detention, or
other measures satisfactory to the plan-approving authority to prevent
downstream erosion.

If the applicant chooses an option that includes storm water detention, the applicant must

obtain approval from the locality for a plan for maintenance of the detention facility. The plan

must establish the maintenance requirements for the facility and identify the person or entity

responsible for performing the maintenance.

Each receiving channel must be tested for adequacy. A channel is considered adequate if

any of the following conditions can be met:

● The bankfull capacity of the natura/ receiving channel is sufficient to pass the
postdevelopment peak flow from the 2-year frequency storm and the channel
velocity (2-year frequency storm) does not exceed the permissible (non-
erodible) velocity of the channel lining.

. The bankfull capacity of the man-made receiving channel is sufficient to pass
the postdevelopment peak flow from the 10-year frequency storm and the
channel velocity (2-year frequency storm) does not exceed the permissible
(nonerodible) velocity of the channel lining.

9 The storm sewer conduits (pipes) must pass the 10-year frequency storm.

● The contributing drainage area of the development site is less than 1 percent of
the total drainage area to the point of consideration in the channel.

. There is no increase in the peak runoff rate for the 2-year frequency storm (for
natural receiving channels) or the 10-year frequency storm (for man-made
channels) at the point of discharge after development.

If the receiving channel is found to be inadequate, the applicant should incorporate measures

to either improve the receiving channel to an adequate condition, or detain runoff on the site

so that the postdevelopment peak runoff rate for the 2-year storm will not exceed the
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predevelopment peak rate. The plan-approving authority may also approve a combination of

channel improvements and detention or other measures deemed satisfactory to protect the

channel

. If a channel-improvement option is chosen, the applicant must obtain necessary
easements and comply with applicable regulations regarding channel
modifications. Channel improvements must extend downstream until an
adequate channel section is reached or until a point is reached where the total
drainage area is at least 100 times greater than the drainage area of the
development site.

. If a storm water detention option is chosen, the applicant must submit a plan for
the continued maintenance requirements of the structure and designate
someone, who has consented to be responsible, to carry out the maintenance.
The local government may choose to accept the maintenance responsibility for
detention structures. However, where the local government does not accept
responsibility, the responsibility must be borne by the COE, other Federal
agency, landowner, a homeowners’ association, or other legal entity.

3.3.1 Calculation Method

Selection of the appropriate method of calculating runoff should be based upon the size of the

drainage area and the output information required. Table 3-1 lists the acceptable calculation

methods for different drainage areas and output requirements. The plan-approving authority

may require or accept other calculation methods deemed more appropriate for local

conditions.

3.4 Erosion and Sediment Control Plan

Simply stated, an erosion and sediment (E&S) control plan is a document that describes the

measures to be taken to control the potential for erosion and sedimentation on a construction

project.
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Table 3-1
Runoff Calculation Methods: Selection Criteria

Calculation Methods*

1. Rational Method
2. Peak Discharge Method
3. Tabular Method (TR-55)
4. Unit Hydrography Method

Output Requirements Drainage Area Appropriate Calculation Methods

Peak discharge only Up to 81 hectares (200 acres) 1,2,3,4
Up to 809 hectares (2,000 acres) 2,3,4
Up to 52 sq km (20 square miles) 3,4

Peak discharge and total runoff volume Up to 809 hectares (2,0CQ acres) 2,3,4

Up to 52 sq km (20 square miles) 3,4

Runoff hydrography Up to 52 sq km (20 square miles) 3,4

* There are numerous publications that describe the four methods listed in Table 3-1. A comprehensive discussion of
each of these methods is beyond the scope of this pamphle~ readers are encouraged to consult other sources. One such
source is McCuen, Richard H., Hydrologic Analysis ursd Design, Prentice-Hall, Inc., Englewood Cliffs, NJ, 1989.

The E&S control plan should be an independent entity from the construction drawings of a

project. While it is a good idea to include E&S control standards and specifications in contract

documents, the E&S control plan itself should contain measures to ensure that the controls

are installed, inspected, and maintained properly.

The plan narrative should explain the E&S control decisions made for a particular project and

the justification for those decisions. The narrative is especially important to the plan-approving

authority because it contains concise information concerning existing site conditions,

construction schedules, and other pertinent items which are not apparent in a typical site plan.

Since a plan reviewer cannot always visit the site or discuss the project at length with the site

planner, it is essential that the necessary information be provided for the plan review.

The narrative is also important to the construction superintendent and inspector who are

responsible for seeing that the plan is implemented properly. The narrative provides them
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with a single report that describes where and when the various erosion and sediment control

practices should be installed.

An E&S control plan must contain sufficient information to satisfy the plan-approving authority

that the problems of erosion and sedimentation have been adequately addressed for a

proposed project. The length and complexity of the plan should be commensurate with the

size of the project, the severity of site conditions, and the potential for offsite damage.

Obviously, a plan for constructing a small structure on smaller area does not need to be as

complex as a plan for a large multistructure project involving many acres. Also, plans for

projects undertaken on flat terrain will generally be less complicated than plans for projects

constructed on steep slopes where erosion potential is greater. The greatest level of planning

and detail should be evident on plans for projects which are directly adjacent to flowing

streams, dense population centers, or high value properties where damage may be

particularly costly or detrimental to the environment. As a guide to E&S plan content, the site

planners should use the checklists located on the following pages.
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CHECKLIST

FOR EROSION AND SEDIMENT CONTROL PLANS

NARRATIVE

Proiect description - Briefly describe the nature and purpose of the land-disturbing
activity and the area (hectares or acres) to be disturbed.

Existirm site conditions - Describe the existing topography, vegetation, ground cover,
and drainage.

Adiacent areas - Describe neighboring areas such as streams, lakes, residential areas,
and roads which might be affected by the land disturbance.

Offsite areas - Describe any offsite land-disturbing activities that will occur (including
borrow sites, waste or surplus areas, etc.). Will any other areas be disturbed?

Soils - Describe the soils on the site giving such information as soil name, mapping
unit, erodibility, permeability, depth, texture, and soil structure.

Critical areas - Describe areas on the site which have potentially serious erosion
problems (e.g., steep slopes, channels, and wet weather/underground springs).

Erosion and sediment control measures - Describe methods which will be used to
control erosion and sedimentation on the site.

Permanent stabilization - Provide a brief description, including specifications, of how
the site will be established after construction is completed.

Storm water runoff considerations - Will the development site cause an increase in
peak runoff rates? Will the increase in runoff cause flooding or channel degradation
downstream? Describe the strategy to control storm water runoff.

Calculations - Present detailed calculations for the design of temporary sediment
basins, permanent storm water detention basins, diversions, channels, etc. Include
calculations for pre- and postdevelopment runoff.
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CHECKLIST
FOR EROSION AND SEDIMENT CONTROL PLANS

(continued)

SITE PLAN

Vicinity map - Provide a small map locating the site in relation to the surrounding area.
Include any landmarks which might assist in locating the site.

North arrow - Indicate the direction of north in relation to the site.

Limits of clearinq and ~radinq - Show areas which are to be cleared and graded.

Existinq contours - Show the existing contours of the site.

Final contours - Indicate changes to the existing contours, including final drainage
patterns.

Existinq veqeta~ - Show the existing tree lines, grassed areas, or unique vegetation.

Soils - Show the boundaries of different soil types.

Existina drainaqe ~atterns - Indicate the dividing lines and the direction of flow for the
different drainage areas. Include the size (area in hectares or acres) of each drainage
area.

Critical erosion areas - Show areas with potentially serious erosion problems.

Site development - Show all improvements such as buildings, parking lots, access
roads, and utility construction.

Location of practices - Show the locations of erosion and sediment controls and storm
water management practices used on the site.

Offsite areas - Identify any offsite land-disturbing activities (e.g., borrow sites and
waste areas). Show location of erosion controls. (Is there sufficient information to
assure adequate protection and stabilization?)

Detail drawinas - Note that any structural practices used that are not referenced to an
erosion and sedimentation handbook or local handbooks should be explained and
illustrated with detail drawings.

Maintenance - Furnish a schedule of regular inspections and repair of erosion and
sediment control structures.
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Erosion and sediment control planning should be an integral part of the site planning process,

not an afterthought. The potential for soil erosion should be a significant consideration when

deciding upon the layout of buildings, parking lots, roads, and other facilities. Costly erosion

and sediment control measures can be minimized if the site design can be adapted to existing

site conditions and if good conservation principles are used. Note that sedimentation ponds,

often used for erosion and sedimentation control during construction, can be adapted to site

amenities, if properly preplanned. The owner or lessee of the land being developed has the

responsibility for plan preparation and submission. The owner or lessee may designate

someone (e.g., an engineer, architect, or contractor) to prepare the plan, but the owner or

lessee retains the ultimate responsibility.

3.4.1 Technical Assistance

There are a number of possible sources of erosion and sediment control planning assistance

within most states.

1.

2.

3.

Soil and Water Conservation Districts: These districts usually have elected
representatives (directors) from different localities throughout the state. One of
the primary functions of these districts is to provide assistance to landowners
for soil conservation planning and implementation. Requests for assistance in
preparing an erosion and sediment control plan for a construction site can be
made through the local district.

Natural Resource Consewation Service (NRCS~ The NRCS is formerly the
Soil Conservation Sewice. The NRCS provides technical assistance on
consewation planning through local soil and water consewation districts to
landowners throughout the country. In addition, the NRCS, in conjunction with
many state universities, is involved with soil surveys throughout many states.
Many localities have existing published soil suweys. Requests can be made
through an NRCS field office or a university soil suwey field office for a soil
suwey on a specific site. Requests will generally be acted upon according to
local priorities.

State Cooperative Extension Sewice: The Extension Sewice can provide
valuable information on site planning and establishment of lawns and plant
materials. The extension service has a number of useful publications and in
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addition will have soil samples analyzed upon request to determine fertilization
and liming needs for establishing vegetation on a particular site.

4. Local Government Offices: Many localities have a separate department that is
responsible for administering the local erosion and sediment control program.
Local staff can be a valuable resource for technical assistance and information
concerning local requirements. Often, the County Engineer’s office is a good
place to start in the development of the basic information needed to prepare an
SWPPP.

3.4.2 Limits of Disturbance

After the layout of the site has been determined, a plan

from the disturbed areas must be formulated. Decision

to control erosion and sedimentation

concerning which areas must be

disturbed in order to accommodate the proposed construction must be made. Special

attention is directed to critical areas that may be disturbed.

3.4.3 Drainage Map

The site should be divided into drainage areas. Potential runoff flow paths over the developed

site should be determined. Considerations concerning how erosion and sedimentation can be

controlled in each small drainage area should be made before considering the entire site. The

guiding principle is that it is easier to control erosion than to contend with sediment after it has

been carried downstream.

3.4.4 Erosion and Sediment Control Best Management Practices

Erosion and sediment control practices can be divided into three broad categories: vegetative

controls, structural controls, and management measures. Each of these categories have

temporary and permanent control measures to be considered. Vegetative and structural

practices should be selected and designed in accordance with Federal, state, and/or local

specifications if they exist. In lieu of any local standards and specifications, the best
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management practices described in Appendix C should be utilized, The Best Management

Practices (BMP) listed in Appendix C were obtained from the following sources:

(1) Virginia Department of Conservation and Recreation Division of Soil and Water
Conservation’s Virginia Erosion and Sediment Contro/ Handbook, 1992 Third
Edition.

(2) Washington State Department of Ecology’s “Stormwater Management Manual For
Puget Sound Basin,” 1992.

(3) United States Department of Agriculture, Soil Conservation Service’s Guidelines for
the Control of Erosion and Sediment in Urbanizing Areas Within Mississippi, 1975.

(4) United States Environmental Protection Agency’s Summary Guidance For Storm
Water Management For Construction Activities - Developing Po//ution Prevention
P/ans and Best Management Practices, 1992.

In the event of overlap or conflicting specifications (i.e., riprap gradations or filter fabric design

specs), the appropriate geographic district should be contacted to resolve any discrepancy.

The following are summary overviews of the erosion and sediment control practices

recommended for use. Management measures are construction management techniques

which, if properly utilized, can minimize the need for physical controls and possibly reduce

costs.

3.4.4.1 Vegetative Controls

Planners should keep in mind that the first line of defense is to prevent erosion. Erosion

prevention is accomplished by protecting the soil surface from raindrop impact and overland

flow of runoff. The best way to protect the soil surface is to preserve the existing ground

cover. Where land disturbance is necessary, temporary seeding or mulching should be used

on areas which will be exposed for long periods of time. Erosion and sediment control plans

must contain provisions for permanent stabilization of denuded areas. Selection of permanent

vegetation should include the following considerations:
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● Applicability to site conditions.

● Establishment requirements.

9 Maintenance requirements.

● Aesthetics.

The vegetative BMP’s in

use:

BMP No.

29-30

31-34

35-36

37-38

39

Appendix C are numbered according to the following categories of

Description

Site Preparation for Vegetation Establishment

Grass Establishment

Mulches

Other Vegetative Controls

Dust Control

The local agricultural extension service should be consulted concerning suitable vegetation

and vegetative treatments.

3.4.4.2 Structural Controls

Structural control practices are generally more costly than vegetative controls. However, they

are usually necessary since not all disturbed areas can be protected with vegetation.

Structural controls are often used as a second or third line of defense to capture sediment

before it leaves the site. It is very important that structural practices be selected, designed,

and constructed according to BMP’s of which many are listed in Appendix C. Improper use or

inadequate installation can result in failure of the control and subsequent release of any

trapped sediment.

The structural BMP’s in Appendix C are numbered according to the following categories of

use:
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BMP No.

1

2-3

4-8

9-12

13-14

15-16

17-21

22-27

28

Description

Safety

Road Stabilization

Sediment Barriers

Dikes and Diversions

Sediment Traps and Basins

Flumes

Waterway and Outlet Protection

Stream Protection

Subsurface Drainage

3.4.4.3 Management Measures

Good construction management is as important as structural and vegetative practices for

erosion and sediment control, and there is generally little or no cost involved. Management

measures must be properly addressed in the SWPPP to identify responsible parties and

duties required for implementing these measures. Following are some management

considerations which can be employed:

. Include erosion and sediment control as an agenda item for the pre-
construction meeting.

● Sequence construction so that no area remains exposed for unnecessarily long
periods of time.

Work in a logical sequence, especially for drainage items.

Anticipate the site conditions that will exist as the construction
progresses toward the final product.

Have the materials on-hand to complete the work without delay.

Apply temporary stabilization immediately after grading.

9 On large projects, stage the construction, if possible, so that one area can be
stabilized before another is disturbed, whenever possible.
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● Consider the time of year.

Be prepared for sudden thunderstorms.

Install erosion and sediment controls immediately.

Use straw mulch for grass seed, especially during poor germination
periods.

Physically mark off limits of disturbance on the site with tape, signs, or other
methods, so that workers can see areas to be protected.

Develop and carry out a regular maintenance schedule for erosion and
sediment control practices.

Designate one individual (preferably the job superintendent or Quality Control
Chief) responsible for implementing the erosion and sediment control plan.
Make sure that all workers understand the major provisions of the erosion and
sediment control plan. Establish reporting procedures for problems identified by
workers.
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4.0 SOURCE IDENTIFICATION

4.1 The Erosion Process

The principal source of pollutant export associated with construction activities is erosion. Soil

erosion is the process by which the land’s surface is worn away by the action of wind, water,

ice, and gravity. Natural, or geologic erosion, has been occurring at a relatively slow rate

since the earth was formed and is a tremendous factor in creating the earth as we know it

today. Except for some cases of shoreline and stream channel erosion, natural erosion

occurs at a very slow and uniform rate and is a vital factor in maintaining environmental

balance.

4.1.1 Types of Erosion

Water-generated erosion is unquestionably the most severe type of erosion, particularly in

areas of development. Consider the erosive action of water as the effects of the energy

developed by rain as it falls, or as the energy derived from its motion as it runs off the land

surface. The force of falling raindrops is applied vertically, and the force of flowing water is

applied horizontally. Although the direction of the forces created is different, they both

perform work in detaching and moving soil particles. Water-generated erosion can be

classified into the following types:

● Raindrop erosion is the first effect of a rainstorm on the soil. Raindrop impact
dislodges soil particles and splashes them into the air. These detached
particles are then vulnerable to the next type of erosion.

4-1

● Sheet erosion is the erosion caused by the shallow flow of water as it runs off
the land. These very shallow moving sheets of water are seldom the detaching
agent, but the flow transports soil particles which are detached by raindrop
impact and splash. The shallow surface flow rarely moves as a uniform sheet
for more than a meter (3 feet) on land surfaces before concentrating in the
surface irregularities.
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. Rill erosion is the erosion which develops as the shallow surface flow begins to
concentrate in the low spots of the irregular contours of the surface. As the
flow changes from the shallow sheet flow in these low areas, the velocity and
turbulence of flow increase. The energy of this concentrated flow is able to
both detach and transport soil materials. This action begins to cut small
channels of its own. Rills are small but well-defined channels which are
normally less than 100 mm (4 inches) deep. The rills are easily obliterated by
harrowing or other surface treatment.

● Gully erosion occurs as the flow in rills comes together in larger and larger
channels. The major difference between gully and rili erosion is in magnitude.
Gullies are too large to be repaired with conventional tillage equipment and
usually require heavy equipment and special techniques for stabilization.

. Channel erosion occurs as the volume and velocity of flow causes movement of
the streambed and bank materials.

4.1.2 Factors Influencing Erosion

The erosion potential of any area is determined by four principal factors: the characteristics of

the soil, vegetative cover, topography, and climate. Although each of these factors is

discussed separately herein, they are interrelated in determining erosion potential.

So// characteristics which influence the potential for erosion by rainfall and runoff are those

properties which affect the infiltration capacity of a soil and those which affect the resistance

of the soil to detachment and being carried away by falling or flowing water. The following

four factors are important in determining soil erodibility:

1. Soil texture (particle size and gradation).

2. Percentage of organic content.

3. Soil structure.

4. Soil permeability.

Soils containing high percentages of fine sands and silt are normally the most erodible. As

the clay and organic matter content of these soils increases, the erodibility decreases. Clays
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act as a binder to soil particles, thus reducing erodibility. However, while clays have a

tendency to resist erosion, once eroded, they are easily transported by water. Soils high in

organic matter have a more stable structure which improves their permeability. Such soils

resist raindrop detachment and infiltrate more rainwater. Clean, well-drained and well-graded

gravel and gravel-sand mixtures are usually the least erodible soils. Soils with high infiltration

rates and permeabilities either prevent or delay and reduce the amount of runoff.

Vegetative cover has an extremely important role in controlling erosion as it provides the

following five benefits:

1. Shields the soil surface from raindrop impact.

2. Protects root systems by holding soil particles in place.

3. Maintains the soil’s capacity to absorb water.

4. Slows the velocity of runoff.

5. Removes subsurface water between rainfalls through the process of
evapotranspiration.

By limiting and staging the removal of existing vegetation and by decreasing the area and

duration of exposure, soil erosion and sedimentation can be significantly reduced. Special

consideration should be given to the maintenance of existing vegetative cover on areas of

high erosion potential such as moderately to highly erodible soils, steep slopes, drainageways,

and the banks of streams.

Topography. The size, shape, and slope characteristics of a watershed influence the amount

and rate of runoff. As both slope length and gradient increase, the rate of runoff increases

and the potential for erosion is magnified. Slope orientation can also be a factor in

determining erosion potential. For example, a slope that faces south and contains droughty

soils may have such poor growing conditions that vegetative cover will be difficult to re-

establish.

4-3



EP 1110-1-16
28 F@ 97

C/irnate. The frequency, intensity, and duration of rainfall are fundamental factors in

determining the amounts of runoff produced in a given area. As both the volume and velocity

of runoff increase, the capacity of runoff to detach and transport soil particles also increases.

Where storms are frequent, intense, or of long duration, erosion risks are increased.

Seasonal changes in temperature, as well as variations in rainfall, help to define the high

erosion risk period of the year. When precipitation falls as dry snow, no erosion will take

place. However, when the temperature rises, melting snow adds to runoff, and erosion

hazards are high. Because the ground may still be partially frozen, its absorptive capacity is

reduced. Frozen soils are relatively erosion-resistant. However, soils with high moisture

content are subject to uplift by freezing action and are usually very easily eroded upon

thawing.

4.2 Sedimentation

Normally, runoff builds up rapidly to a peak and then diminishes. Excessive quantities of

sediment are derived by erosion, principally during the higher flows. During lower flows, as

the velocity of runoff decreases, the transported materials are deposited to be picked up by

later peak flows. In this way, sediments are carried downslope, or downstream, intermittently

and progressively from their source or point of origin.

4.2.1 Sediment Pollution and Damage

Sediment pollution is soil out of place. It is a product accentuated by the activities of man

which leads to severe soil loss. When these large quantities of soil enter our waters, then

sediment pollution occurs.

Over four billion tons of sediment are estimated to reach the ponds, rivers, and lakes of our

country each year, and approximately one billion tons of this sediment are carried all the way

to the ocean. Approximately 10 percent of this amount is contributed by erosion from land

undergoing highway construction or land development. Although these latter quantities may
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appear to be small compared to the total, they could represent more than one-half of the

sediment load carried by many streams draining small subwatersheds which are undergoing

development.

Excessive quantities of sediment cause costly damage to waters and to private and public

lands. Obstruction of stream channels and navigable rivers by masses of deposited sediment

reduces their hydraulic capacity which, in turn, causes an increase in subsequent flood crests

and a consequent increase in the frequency of damaging storm events.

Sediment may fill drainage channels, especially along highways and railroads, and plug

culverts and storm drainage systems, thus necessitating frequent and costly maintenance.

Municipal and industrial water supply reservoirs lose storage capacity, the usefulness of

recreational impoundments is impaired or destroyed, navigable channels must be continually

dredged, and the cost of filtering muddy water preparatory to domestic or industrial use may

become excessive. The added expense of water purification in the United States, because of

sedimentation, amounts to hundreds of millions of dollars each year.

In an aquatic environment, the general effect of fine-graded sediments such as clays, silts,

and fine sands is to reduce drastically both the kinds and the amounts of organisms present.

Sediments alter the existing aquatic environment by screening out sunlight and by changing

the rate and the amount of heat radiation. Particles of silt settling on stream and lake bottoms

form a blanket which creates a hostile environment for the organisms living there and literally

smothers many of them and their eggs.

Coarser-grained materials also blanket bottom areas to suppress aquatic life found in these

areas. Where currents are sufficiently strong to move the bedload, the abrasive action of

these materials in motion accelerates channel scour and has an even more severely

deleterious effect upon aquatic life. The aesthetic attraction of many streams, lakes, and

reservoirs used for swimming, boating, fishing, and other water-related recreational activities
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has been seriously impaired or destroyed by bank cutting and channel scour, accelerated by a

higher flood stage induced by sedimentation.

4.2.2 Costs

Many state and local jurisdictional agencies require that land-disturbing activities have an

approved E&S control plan prior to commencement of work. The owner is responsible for the

development of E&S control plans. Once a plan is approved, generally a contractor will be

responsible for implementing, installing, and maintaining the E&S control plan. However, the

owner is ultimately responsible and in many instances must certify that the plan will be carried

out. Once the project has moved through the bid process, the cost of implementation

becomes the primary concern. Proper implementation of the E&S plan can save the

developer and the contractor money in excavation costs. If denuded areas are stabilized

initially, little or no additional work will be required later. This can speed up completion dates,

and overall savings will be realized. This strategy requires that planning take on a more

important role in the management of a project. Good management throughout the life of a

project will lead to increased

On the other hand, failure to

construction of a project can

savings.

implement an E&S plan or failure to maintain controls during

mean additional costs to the developer and the contractor.

These additional costs exist at three levels. The primary level is the cost of work being

stopped for noncompliance with an approved plan; the secondary level is the cost of repairing

damage to adjacent properties; the tertiary level would be the costs associated with missed

deadlines, litigation with damaged parties, and extra charges by the contractor for additional

work. The perception by the public that the developer and the contractor were negligent in

performing their responsibilities may also pose a negative cost, if not immediately, sometime

in the future.
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4.3 Other Potential Nonsediment Pollutants

The general permit requires the listing of potential nonsediment pollutants likely to be present

in storm water in significant quantities. The sections below discuss potential pollutants which

are commonly associated with construction activities.

4.3.1 Nutrients

Nitrogen, phosphorus, and potassium are the major plant nutrients used for the fertilizing of

new landscape at construction sites. Heavy use of fertilizers can result in the discharge of

nutrients to water bodies resulting in excessive algal growth and eutrophication, and in some

states a violation of water quality standards.

4.3.2 Trace Metals

Galvanized metal, painted surfaces, and pressure-treated lumber comprise many of the

surfaces exposed to storm water as a result of construction activity. These coatings and

treatments contain metals which enter storm water as the surfaces corrode, flake, dissolve,

decay, or leach. Acid rain can accelerate these processes.

4.3.3 Pesticides

Herbicides, insecticides, and rodenticides are commonly used at construction sites. The

unnecessary or improper application of these pesticides may result in direct contamination,

indirect pollution through drift, or the transport of soil surfaces into water.

4.3.4 Spills and Illegal Dumping of Construction Materials

Petroleum products, pesticides, and other synthetic organic compounds (glues, sealants,

solvents, etc.) are used widely at construction sites and may be improperly stored and
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disposed. Deliberate dumping of these materials,

water resources, is a direct violation of the CWA.

which can migrate into surface or ground-

On parking lot or highway construction

projects, the application of diesel fuel to the contact surfaces of the “hot mix asphalt”

application and transport vehicles is a common practice that should be discontinued

immediately.

4.3.5 Miscellaneous Wastes

Miscellaneous wastes include wash from concrete mixers; solid wastes resulting from the

clearing and grubbing of vegetation; wood and paper materials derived from packaging of

building products; food containers such as paper, aluminum, and steel beverage cans; and

sanitary wastes. In addition to erosion and sediment controls, the SWPPP must address the

other potential pollutant sources that may exist on a construction site. These controls include

proper disposal of construction site waste; compliance with applicable state or local waste

disposal, sanitary sewer, or septic system regulations; control of offsite vehicle tracking; and

control of allowable nonstorm water discharges

4.4 Allowable Nonstorm Water Discharges

which are discussed in Section 6.5.

The following discharges are generally allowed if they do not commingle with contaminated

material or other discharges associated with industrial activity:

. Uncontaminated flows from fire fighting.

. Fire hydrant flushing.

. Potable water sources including water line flushing.

● Uncontaminated groundwater resulting from dewatering activities.

9 Uncontaminated flows from foundation or footing drains.

● Naturally occurring flows such as springs, wetlands, and riparian habitats.
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● Irrigation water discharged during seeding, planting, and maintenance, provided
fertilizers and pesticides are applied correctly.

9 Pavement wash waters for dust control and general housekeeping practices
providing that spills or leaks of toxic or hazardous materials have not occurred
and where detergents are not used.

It must be emphasized that the flows described above are uncontaminated flows. For

example, if the discharge from potable water line flushing were to collect significant amounts

of sediment or contaminants while flowing over soil or pavement, it would be considered

contaminated and, therefore, could not be discharged directly to the storm drain system.

4.5 Pollutant Lists

The construction activity should list any pollutants that have a reasonable potential to be

present in the storm water discharge in significant quantities. The definition of significant

quantities varies from item to item. In general, a significant quantity is taken to be any

quantity that is not consumed within a normal day’s operations or would result in spills beyond

the immediate cleanup capabilities of the individual charged with the use of the materials. A

significant quantity also relates to a “reportable” quantity for those substances that are

regulated under SARA Title Ill Section 313, or any of the programs mentioned in Section 2.6.

Table E-1 in Appendix E has been provided to inventory materials found onsite.

Some of

●

9
●

●

w
.
●

9
●

9

the primary contaminants associated with construction activities are as follows:

CCA treated lumber s
AZCA treated lumber ●

Boiler treatment 9

chemicals
Creosote
Tribucide
Diesel fuel ●

Fire retardant
White wood ●

Fuel oil
Detergents ●

Gasoline
Hydrogen peroxide
Maintenance
and motor
lubricants
and coolants
Paints, thinners,
and sealants
Pentachlorophenol
treated lumber
Metal studs

● Propane
● Solvents
● Sulfuric acid
● Timber
“ Mold

inhibitor
● Water

repellant
s Refrigerant
● Concrete
● Tar
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s Fertilizers
s Hydraulic fluid

s Masonry block “ Roofing
shingles

4.6 Significant Spills or Leaks

Because construction activities may handle certain hazardous substances over the course of

the project, spills of these substances in amounts that equal or exceed Reportable Quantity

(RQ) levels are a possibility. EPA has issued regulations that define the reportable quantities

for oil and hazardous substances. These regulations are found at 40 CFR Part 110, 40 CFR

Part 117, and 40 CFR Part 302. If a release occurs, a contingency plan should be put into

effect. The single most important action required in the contingency plan should be to

minimize environmental impacts or health threats. If there is a RQ release during the

construction period, the following actions must be taken:

s Notify the National Response Center immediately at (800) 424-8802; in
Washington, DC, call (202) 426-2675.

. Within 14 days, submit a written description of the release to the EPA Regional
office providing the date and circumstances of the release and the steps to be
taken to prevent another release.

. Modify the SWPPP to include the information listed above.

If a spill occurs and the above actions are taken, the single most important action is to

document all calls, correspondence, and any other communications relative to the spill.

Record names, titles, phone numbers, dates, times, and any other information that may be

used to prove that the actions were taken.

The construction activity must list all historical spills or leaks of toxic or hazardous pollutants

to the storm water system that have occurred in the last 3 years. This .Iist must include: toxic

chemicals listed in 40 CFR Part 372 that have been discharged to storm water as reported on

EPA Form R, and oil or hazardous substances in excess of reportable quantities, 40 CFR

4-1o



EP 1110-1-16
28 Feb 97

Part 110, 117, or 302. Table E-2, in Appendix E may be used to record the lists described

previously.

The SWPPP should designate a person who is accountable for spill response at the

construction site. The designated person will be responsible for emergency procedure action

and documentation. The responsible person should be thoroughly trained and familiar with all

aspects of the response plan as well as the operations and daily activities of the construction

activity. In addition this person must have the authority to commit the resources needed to

accomplish the spill plan response.

Contingency plans are required by law for proper response to a hazardous waste, chemical, or

oil spill. The plans are designated Exhibit E-1, -2, and -3, in Appendix E. These plans are

provided as a guideline only and should be customized by the construction activity. These

plans and lists of contacts should be posted in obvious locations to facilitate a quick response

to any spill.

The key to a successful SWPPP is that no matter what quantities of materials are dispensed

and stored, proper and safe management can reduce the risk of spills and leaks substantially.

The following sections highlight the most common activities with a reasonable potential for

spill or releases of hazardous materials to ground or surface water resources.

4.6.1 Bulk Chemical and Fuel Storage or Transfer Areas

Underground fuel storage has been addressed in other EPA programs. The use of double

containment tanks, monitoring wells, and other controls has been established and all facilities

should be in compliance. (The construction activity management should assure itself that all

regulated underground storage tanks meet requirements.) Not all tanks fall under existing

programs. The objective is to assure that tank mntents do not leak into the storm sewer

system or into the groundwater.
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Aboveground storage tanks are not regulated in the same way that underground tanks are

regulated. Areas containing fuel, lubricants, chemicals, waste oil, waste solvent, and other

such tanks or storage barrels should be covered (preferably under roof) wherever possible.

Storm water flows should be directed around the storage locations. Protective dikes around

the sites which can provide containment are also in order, particularly if the potential spill

volume exceeds the sump volume or what can be contained using absorbent “pillows” or other

material and containment booms.

The construction activity should identify areas in which a leak or a spill of significant materials

could result in contact with storm water runoff and enter the storm water drainage system.

These areas will coincide with areas of material handling, transfer, and storage. After areas of

concern are identified, specific material handling procedures, storage requirements, and

cleanup equipment and procedures should be established. Table E-4, in Appendix E, will be

used to record the spill control and countermeasures established by the construction activity.

Additional documentation relating to spill prevention countermeasures and control must be

added to the SWPPP document.

Aboveground tanks are primarily used for the bulk storage of chemicals, diesel, gasoline,

coolants, and lubricants. These tanks may be serviced by any combination of below ground

or aboveground piping systems. Bulk shipments are generally received from tank trucks. The

products are off-loaded adjacent to the storage tanks and are dispensed to equipment as

needed. Hazardous wastes generated from construction activity operations primarily consist

of contaminated sediments from the fueling or maintenance areas.

Waste oils are stored in both aboveground and underground tanks. Generally, the tanks are

less than 1,900 liters (500 gallons) in capacity. All outdoor, aboveground tanks should be

contained by dikes having adequate volume to hold a spill and, depending upon the region, an

appropriate precipitation event. Underground storage tanks (UST’S) must conform to their own

set of regulations. The SWPPP should contain appropriate references to UST management.
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Outdoor storage of chemicals, including petroleum substances, is a major environmental

concern at construction sites. Aboveground tanks are subject to solar heating resulting iri

potential explosive gases near vents, collisions from moving equipment, acts of vandalism,

acts of disgruntled employees, etc. UST’S may be a source of leaks. Storm water discharges

have a potential of being contaminated during excavation, backfilling, maintenance, and

remediation activities involving fuel storage tanks. Construction activities may have outdoor

collection tanks for waste oil. These tanks may leak or overflow if they are not properly

maintained.

4.6.2 Vehicle and Equipment Fueling Areas

Fuel is usually delivered to construction activities by tank truck. The bulk storage area should

be contained by dikes and loading/unloading areas should be served by oil/water separators.

Dispensing to vehicles and equipment is usually accomplished through standard fuel

dispensers. Most spills are relatively minor. Spills are usually cleaned up by construction

activity personnel and/or private contractors under the supervision of the local fire department.

In the event a spill does reach the storm sewer system, a licensed cleanup contractor should

be immediately dispatched to clean out the storm lines and recover spilled fuel.

4.6.3 Vehicle and Equipment Maintenance Areas

Most construction activity vehicles and equipment are maintained by construction activity

personnel and are frequently repaired and serviced on the jobsite. Substantial volumes of

petroleum oils, including engine oil, transmission fluid, brake fluid, and other lubricants, are

used in vehicle maintenance operations. As a result, there is a potential for illicit discharges

or storm water discharge contamination by oils, solvent, lubricants, fuel, and coolants.

Equipment maintenance typically takes place in one of two locations: (1) the construction

activity maintenance area or garage; or (2) wherever the equipment breaks down. The

potential for storm water contamination where the equipment is serviced must be considered.
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The following fluids have the potential to enter the storm water system from spillage: diesel

fuel, gasoline, engine oil, hydraulic fluid, transmission fluid, lubricants, refrigerants, and

solvents. All spillage other than potable water should be prevented from entering the storm

water system. Engine oil and hydraulic fluids are used in relatively small quantities but may

enter the storm drain system during precipitation events. If the garage area has unsealed

cracks, spillage may result in groundwater contamination. Maintenance activities which occur

inside garages may result in storm water contamination through floor drains connected to the

storm sewer system. Hydrocation spillage should be minimized and cleaned up when it

occurs. Residual cleanup waters should be passed through an oil/water separator into a

sanitary sewer system if available or transported to a permitted treatment facility.

4.6.4 Vehicle and Equipment Cleaning Areas

The spent wash water from vehicle and equipment cleaning may be contaminated with

surface dirt, rust, flash metal, or paint from the surface of the equipment and fluids (fuel,

hydraulic fluid, oil, lubricants, etc.). Most construction activity vehicles and equipment are

maintained by construction activity personnel and are frequently repaired and serviced on the

jobsite. As a result, there is a potential for illicit discharges or storm water discharge

contamination by oils, solvents, lubricants, fuel, and coolants.

EPA regulations prohibit the discharge of wash water from car and truck cleaning facilities

without a permit. The potential for storm water runoff contamination and the presence of illicit

discharges from these facilities must be considered. The discharge should be treated for the

removal of oil, grease, solvents, soaps, and solids prior to discharge to receiving waters.

Although some vehicle-cleaning activities are not currently covered separately by the EPA

storm water regulations, these activities must be addressed under the SWPPP wherever storm

water may come into contact with the results of activities that are covered.
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4.6.5 Combined Sewer Overflow (CSO)

Many of our nation’s older and more-established cities are coping with problems related to a

deteriorated infrastructure stressed beyond capacity. Chronic flooding occurs in some areas

where storm sewer trunk lines were not designed to convey the extent of development that

has occurred. As a result of this flooding, deteriorated sanitary sewers are overloaded by

infiltration and inflow (1& l). This I & I laden sewage often overflows during high intensity or

long duration storms washing pollutants into surface waters. Several older cities combined

sanitary and storm sewers into a single combined sewer system, These also overflow during

larger storm events as combined sewer overflows. These discharges containing raw sewage

threaten the health of all who come into contact with them. In addition to being a threat to

public health, CSO’S jeopardize the beneficial use of surface waters. High bacterial counts

result in beach closings and shellfish contamination. Low dissolved oxygen levels affect the

health of fish and other aquatic life. Toxic pollutants tend to settle out and increase the level

of contamination in the sediments. Floating debris, containing materials commonly associated

with sewage, is offensive and greatly reduces the enjoyment of streams, rivers, and coastal

zones.

Federal and state regulatory agencies are currently struggling to develop the proper program

for monitoring and controlling CSO’S. They are struggling because each system varies from

one community to the next, and each CSO solution is inherently complex and potentially

expensive. Programs are in place to attempt to control I & I problems with sanitary sewer

systems. The required level of control for the CSO discharges is not clearly specified in

current NPDES discharge permits, nor are CSO control requirements defined in most state

water quality standards. Construction designers and managers should be aware of the state

and local trends concerning CSO’S. Impacts concerning problems could conceivably result in

sanitary sewer user fees, moratoriums on expansion, or even requiring onsite sewage

disposal.
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4.6.6 Onsite Sewage Disposal Systems

Onsite sewage disposal systems (OSDS) include conventional septic systems, large-scale

conventional systems, alternative and innovative designs, and private sewage treatment

facilities. The term applies to any residential or industrial sewage that is not treated or

planned for treatment in a centralized public sewer system.

Proper treatment of wastewater effluent with onsite disposal systems is an essential

component of surface water quality protection. When properly sited, designed, permitted by

state or local health authority, installed, and maintained, individual sewage disposal systems

can be used to treat most pollutants found in construction activity wastewater simply and

effectively. Treated wastewater usually reaches surface waters by ground water recharge or

by ground/surface water interfaces.

4.7 Summary of Sampling Data/Existing Water Quality

If storm water runoff from the proposed construction site has been sampled and analyzed for

the presence of any pollutant (e.g., total suspended solids), then the results of the analyses

must be included in the SWPPP. In most cases, existing runoff water quality data are not

available for a specific site, particularly an undeveloped site. However, if the construction is

on or adjacent to an existing industrial facility, that facility may have collected runoff water

quality data to satisfy another permit. If there are no existing data on the quality of runoff from

the site, then it is not necessary to collect samples for the general permit. Runoff water

quality data may sometimes be available from your state or local government. You may also

be able to obtain runoff water quality information from the USGS or state or local watershed

protection agencies. The sampling event(s) information should be recorded in Table E-3, in

Appendix E, and a one-page summary included from the sampling data report package.

Previous sampling data will be useful in determining the source of pollutants and in initiating

controls.
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CONTROLS

This section of the SWPPP describes storm water management measures to control and

abate water quality impairment associated with the activities described in the preceding

sections.

Land conversion associated with development has resulted in the loss of vegetation and

sensitive wetlands, alteration of natural drainage patterns, and the creation of expanded areas

of imperviousness. This loss of infiltration capacity has correlated with increases in the

velocity, volume, and frequency of storm water runoff. Mitigation of this process is inherently

complex in that sources are somewhat diverse, changes in water quality tend to be gradual

and cumulative, and the site-specific physical and safety constraints associated with the

configuration of the different facilities tend to limit the number of viable measures for

implementation at each site. However, since pollutants have a limited number of pathways by

which they reach water resources, the practices that constitute management measures for the

various source categories tend to be somewhat similar for each construction activity.

The design and implementation of effective source control measures is achieved from a

management systems approach as opposed to an approach that focuses on individual

practices. That is, the pollutant control achievable from any given management system is

viewed as the sum of the parts, taking into account the range of effectiveness associated with

each single practice, the costs of each practice, and the resulting overall cost and

effectiveness of the system. Some individual practices may not be effective alone but, in

combination with others, may provide a key function in a highly effective system. This is

analogous to the use of ‘treatment trains” or a series of treatment steps.

This guidance adopts the approach of specifying management measures as systems of

management practices. This approach is primarily reflected in two ways: (1) the

management measures are usually presented as systems, and (2) for those sources that
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generate pollutants from a number of discrete activities, or unit areas, the guidance includes

management measures for each activity, or area.

It is generally not possible to prescribe a highly specific management measure that will be

uniformly applicable over an expanded region. For example, when designing erosion and

sediment control systems, one considers soil types, antecedent moisture conditions, land use,

precipitation patterns, and slopes to determine the proper set of practices. The multitude of

combinations of site-specific factors that arise within a state, region, and even within a

watershed, makes it difficult to develop a list of specific management measures to be used.

Congress has defined management measures as “economically achievable measures for the

control of the addition of pollutants from existing and new categories and classes of nonpoint

sources of pollution which reflect the greatest degree of pollutant reduction achievable through

the application of the best available nonpoint pollution control practices, technologies,

processes, siting criteria, operation methods, or other alternatives.” Congress has not defined

the term “economically achievable,” nor has it explained the term in legislative history. This

distinction relates to the extensive flexibility inherent in implementing pollution prevention

management measures. The ability of a particular management measure to deal with

nonpoint source pollution from a particular site is subject to a variety of factors (e.g.,

geography, geology, soils, hydrology, and production methods) too complex to address in a

single set of simple, mechanical prescriptions at the state or regional level, so this guidance

provides considerable flexibility for local selection. These considerations make it difficult to

predict the costs and economic impacts of measures that will ultimately be developed, applied,

and implemented on a localized basis. Many of the proposed management measures are

regarded as low-cost, yet highly effective. Examples include source control measures such as

spill prevention or pesticide management. Others are more expensive, yet widely practiced

(e.g., construction management measures such as erosion and sediment control practices,

storm water management measures such as constructed wetlands or pond systems). This

guidance provides a set of management practices for each source category. The number and

type of systems identified per source category are based upon the range and diversity of
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substantively different subcategories and pollutants. Pollution prevention is generally

considered as the first component of management measures. Pollutant delivery reduction

measures are typically added only after it is determined that additional control is necessary to

reach the greatest degree of pollutant reduction economical y achievable.

For each management measure, a list of management practices that can be used in designing

an equivalent or better system is provided. The list of practices reflects the best available set

of practices, or components of best available systems, but is not all-inclusive of those

practices that could be used to develop systems that are equivalent to or better than specified

management measures.

The pollutant reduction estimates that can be achieved using the specified management

practices are also described in this guidance, quantitatively wherever possible. These

reductions serve as the benchmarks for equivalent or better management measures. All

estimates provided are based upon the best available data currently available, but are

somewhat empirical. Further monitoring will provide data to support the effectiveness of this

portion of the SWPPP.

The controls to be implemented at each construction activity will reflect the identified potential

sources of pollutants at each construction site. This list of sources will be different for each

construction activity. It is recommended that the SWPPP personnel or committee be

responsible for implementing the appropriate control measures for the construction activity.

Each construction activity will find some solutions more appropriate or feasible than others.

5.1 The Nonpoint Source Pollution Process

Nonpoint source pollutants are transported to surface water by a variety of means, including

runoff and ground water infiltration. Ground water and surface water are both considered part

of the same hydrologic cycle when designing management measures. Ground water

contributions of pollutant loadings on surface waters are often very significant. The transport
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of nonpoint source pollutants to surface waters through ground water discharge is governed

by physical and chemical properties of the water, pollutant, soil, and aquifer.

The combination of source control and delivery reduction measures and the application of

those measures as components of management systems are dependent upon site-specific

conditions. Technical factors that may affect the suitability of management measures include,

but are not limited to, land use, climate, size of drainage area, soil permeability, slopes, depth

to water table, space requirements, the type and condition of the receiving waters, depth to

bedrock, and the pollutants to be addressed.

5.2 Source Control Measures

Source control is the first opportunity in any nonpoint source control effort. Source control

methods vary for different types of nonpoint source problems. Examples of source control

include:

(1) Reducing or eliminating the introduction of pollutants to a land area.

(2) Preventing nonintroduced pollutants (such as loose dirt and sediments) from
leaving the site during land-disturbing activities.

(3) Preventing interaction between precipitation and introduced pollutants.

(4) Protecting wetlands or riparian habitat and other sensitive areas.

(5) Protecting natural hydrology.

5.2.1 Preventive Maintenance (PM)

A Preventive Maintenance (PM) program is an effective and cost-efficient measure in pollution

prevention. It is easily performed at a relatively low cost and may yield great savings in the

long run. Preventive maintenance includes inspection of construction activity/contractor

equipment and systems, such as equipment cleaning facilities, all vehicular and maintenance
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facilities, and any structural source controls already in place, such as drip pads, sumps, and

tank containment. Each contractor should be directly responsible for inspection, testing,

adjustment, andrepair of their contractor-owned facilities andequipment, subject to the

supervision and review bythe SWPPP committee. Contractor-owned facilities, equipment,

and maintenance records will be reviewed by construction activity SWPPP personnel on a

regular scheduled basis.

5.2.2 Requirements in PM Program

The preventive maintenance program should include the following:

. Identification of the equipment and systems to which
maintenance program should apply.

the preventive

● Periodic inspections of identified equipment and systems.

. Periodic testing of equipment and systems.

9 Appropriate adjustments, repair, or replacement of parts.

. Maintenance of all records of inspections and follow-up actions.

Preventive maintenance inspections should be carried out by trained personnel or the

designated SWPPP committee. It is important that the personnel be familiar with the systems

and equipment to be monitored and tested. The inspection schedules should be established

by the committee, in conjunction with the construction activity manager, and brought to the

attention of all employees. Inspection frequencies can be established in part by reviewing any

“Risk Identification and Assessment” studies that may have been completed for the

construction activity, equipment, facilities, or contractor activity. In some cases, monthly

inspections will be appropriate. A testing schedule can be developed in the same manner;

however, testing frequencies will not need to be as often as inspection frequencies.

Adjustments or repairs of any type to the equipment or systems must be completed by trained

personnel.
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Documentation and retention of records is a critical element of a good preventative

maintenance and inspection program. A tracking or follow-up procedure will be used to

ensure that the appropriate response to the inspection findings has been made. All inspection

documentation and records must be maintained with the SWPPP documentation for a period

of 3 years following final stabilization. The tables and exhibits located in Appendix D should

be used to record inspection and maintenance activities and any corrective actions

implemented.

Inspection and maintenance guidelines for construction equipment should follow the

manufacturer’s specifications. The equipment itself should be serviced in designated areas as

indicated above. Special attention must be given to those portions of the equipment that

come into contact with any suspected pollutant. These portions include, among others: trams

or conveyor mechanisms, pipes for liquid conveyance (including vacuum hoses for liquid

extraction), tanks and associated valves, fittings, nozzles, and tank seams. Particular

attention should be given to remedying leaks and replacement of deteriorated rubber or plastic

hoses, pipes, washers, and gaskets.

Good housekeeping refers to the cleaning and maintenance practices conducted at the

construction activity. Good housekeeping is an important component of the pollution

prevention plan. Periodic training of employees in housekeeping techniques for those areas

of the construction activity where pollutant sources are found reduces the significant material

contamination of storm water. Housekeeping practices include:

w Maintenance of material loading/unloading areas.

. Safe and orderly storage of construction debris, chemicals, and other significant
materials.

. Stimulating employee interest in good housekeeping.

Maintenance areas should be kept clean. Chemicals, grease, oil, solvent, and fuel spills

should be collected by use of absorbents and booms where necessary. Disposal of these
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materials should be by qualified hazardous materials handling contractors. Material loading

and unloading areas should be cleaned manually or with heavy equipment. Liquids should be

removed using absorbent materials or with vacuum machinery.

Cleaning protocols should be site-specific. The protocols should fit the nature of construction

activity (and tenant organizations). The protocols should be developed to meet the site-

specific requirements of the construction activity. The protocols should cover:

. Areas, operations, and equipment to be inspected.

. Frequency of inspection.

. Checklists and procedures to be used.

● Records of inspection and filing requirements.

. Records of resulting maintenance and filing requirements.

9 Mechanism for revising protocols.

5.3 Delivery Reduction Measures

Pollution prevention often involves delivery reduction (intercepting pollutants prior to delivery to

the receiving waters) in addition to appropriate source control measures. Management

measures include delivery reduction practices to achieve the greatest degree of pollutant

reduction economically achievable, as required by NPDES regulations.

Delivery reduction practices intercept pollutants leaving the source by capturing the runoff or

infiltrate, followed either by treating and releasing the effluent or by permanently keeping the

effluent from reaching a surface or ground water resource. By their nature, delivery reduction

practices often bring with them side effects that must be accounted for. For example,

management practices that intercept pollutants leaving the source may reduce runoff, but also

increase infiltration to ground water. These devices, although highly successful at controlling
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suspended solids, may not, because of their infiltration properties, be suitable for use in areas

with high ground water tables and nitrate or petroleum residue problems. The performance of

delivery reduction practices is to a large extent dependent on suitable designs, operational

conditions, and proper maintenance. For example, filter strips may be effective for controlling

particulate and soluble pollutants where sedimentation is not excessive, but may be

overwhelmed by high sediment input. In many cases, filter strips are used as pretreatment or

supplemental treatment for other practices within a management system.

5.3.1 Storm Water Management BMP’s

The evolution of the need to manage or control storm water runoff has directly paralleled the

evolution of Iand development and its impact on the environment. In the past, control of storm

water was attempted by maximizing conveyance with rapid downstream disposal of surface

water. The cumulative effects of this practice have created frequent downstream flooding and

depletion of underground water supplies. Until the early 1970’s little or no consideration was

given to the downstream impacts of such activity. Current practices dictate the attenuation of

design peak flows to predevelopment rates. While this approach has proven reasonably

effective in curtailing flooding problems, it does not mitigate the adverse impacts of pollutant

export. The first flush of pollutants refers to the higher concentrations of storm water

pollutants that characteristically occur during the early part of a storm with concentrations

decaying as the runoff continues. Concentration peaks and decay functions vary from site to

site and from region to region, depending on contributing Iand use, the pollutants of interest,

and the characteristics of the drainage basin. Studies have indicated that for a variety of land

uses the first 1.25 cm (0.5 in.) of each runoff contains 80 to 95 percent of the total annual

loading of most storm water pollutants. The best available procedures for storm water

management include both structural and nonstructural components and involve a combination

of detention, infiltration, and filtering devices. Treatment systems, rather than individual

practices, will tend to achieve the greatest pollutant reduction goal. Treatment systems should

include source control, storm water management, and riparian protection to achieve the

highest level of effectiveness.
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Storm water treatment systems are site-specific and their effectiveness is highly variable and

dependent on many factors. Practices or combinations of practices that are considered to be

“best available” in some or in many situations, nevertheless, may not be the most effective or

economically achievable for a particular site, and may even be entirely ineffective for the site.

A system of practices should be tailored to a particular site to avoid selection of unsuitable

practices, maintenance problems, or failure to achieve desired pollutant reduction.

Storm water management controls are constructed to prevent or control pollution of storm

water after the construction is completed. The general permit requires that the pollution

prevention plan include a description of the measures that will be installed to control pollutants

in storm water after construction is complete. For sites in which the development results in

runoff flows that are higher than preconstruction levels, the SWPPP must include a technical

explanation of why a particular storm water management measure was selected.

Selection of the most appropriate BMP depends upon a number of factors associated with site

conditions. EPA expects that most sites can employ measures to remove 80 percent of the

total suspended solids from postconstruction runoff. When selecting BMP’s for a development

project, consider the impacts of these measures on other environmental media (e.g., land, air,

and ground water).

In addition to pollutant removal, the SWPPP must address velocity dissipation at discharge

locations. Development usually means an increase in speed with which the site will drain

because of the addition of paved areas, storm sewers, curbs, gutters, etc. The general permit

requires that the velocity dissipation devices be placed along the length of any outfall where

the discharge from the developed area may erode the channel. See Section 3.3 for further

information on runoff calculations.
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5.3.2 Storm Water Retrofit

Retrofit projects must take into account a number of site-specific factors. Nature of pollutants,

loading rates, classification of receiving waters, location and condition of existing storm drains,

existing and proposed land uses, location of existing utilities, soil characteristics, and

floodplain location are but a few. A brief discussion of these practices follows:

Pond Systems

The ponds described in the following paragraphs range from completely dry structures to

permanently wet structures with various combinations included. In addition, wetland

components are discussed for their ability to enhance pollutant removal, create habitat

diversity, and provide visual interest.

Wet Extended Detention Pond - A permanent pool system containing a forebay near the inlet

to trap sediments and a deeper pool near the riser. This pond system provides an optimal

combination of downstream channel protection and pollutant removal. Extended detention wet

ponds are generally the most cost-effective urban/coastal practices available for pollutant

removal and storm water control.

Wet Pond - A pond system with all of its storage utilized as a permanent pool. This system

traps sediments and may provide pollutant removal through biological uptake from aquatic

wetland plant species. In addition, a wet pond can be an attractive aesthetic feature.

Extended Detention (ED) Micro-Pool - A dry ED system containing one or two small

permanent pools for pollutant removal. One micro-pool located near the inlet acts as a

sediment forebay. The micro-pool system has a much lower maintenance burden than

conventional dry ED pond systems and is a particularly useful design for fingerprinting a pond

into a sensitive woodland or wetland area.
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Extended Detention Shallow Marsh - A system utilizing emergent aquatic wetland plant

species as its principal pollutant removal mechanism. The ED shallow marsh typically

consists of a O- to 1-meter- (O-3 feet) deep irregularly shaped permanent pool, creating

diverse wetland habitats in a relatively small space, while providing moderate levels of soluble

pollutant removal.

Shallow Marsh - A system with much of its storage devoted to a shallow marsh, this pond

design can consume a great deal of land area. However, with proper grading, design, and

propagation techniques, this system can result in the creation of an extensive, high quality

emergent wetland habitat. The shallow marsh can achieve high removal rates of soluble and

particulate pollutants through the biological uptake mechanism of emergent aquatic plants.

In-Filter Drv Pond - An innovative dry pond system for sites having permeable soils that

promote infiltration. Design includes storm water detention, pretreatment via plunge pools and

grassed swales, and a series of infiltration trenches and basins.

Dry Extended Detention Pond - A pond system typically comprised of two stages: The upper

stage is graded to remain dry except for infrequent storms; whereas the lower stage is

designed for regular inundation. Runoff pretreatment is difficult to achieve with this pond

system, and it is equally difficult to prevent clogging of the ED control device.

Wet Ponds and Wet Extended Detention Ponds are extremely effective water quality practices.

When properly sized and maintained, Wet Ponds and Wet Extended Detention Ponds can

achieve high removal rates for sediment, biochemical oxygen demand (BOD), nutrients, and

trace metals. Biological processes within the pond also remove the soluble nutrients (nitrate

and ortho-phosphorus) that contribute to nutrient enrichment (eutrophication). Soluble nutrient

removal is achieved through a process known as biological uptake where algae and other

aquatic plants convert the soluble nutrients into biomass which eventually settles into pond

sediments and is later consumed by bacteria. Some of the nutrients are recycled to the water

column, but most nutrients remain in the consolidated sediments.
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Wet Extended Detention Ponds are most cost effective in larger, more intensely developed

sites. Pond practices normally require a significant contributing watershed area (greater than

4 hectares or 10 acres) to ensure proper operation.

pond systems can include: creation of local wildlife

recreation, and landscape amenities.

Positive impacts associated with wet

habitat, increased property values,

Extended Detention Ponds are effective in controlling postdevelopment peak storm water

discharge rates to a desired predevelopment level for the design storm(s) specified. If storm

water is detained for 24 hours or more, as much as 90-percent removal of particulate or

suspended solid pollutants is possible. It should be noted, however, that extended detention

ponds have the disadvantage of elevating water temperatures, thus potentially contributing to

thermal pollution. Their use may be inappropriate in some locations, such as, adjacent to

trout streams. In addition, care should be taken not to reduce base flows below those

necessary to sustain the resident aquatic habitat.

Infiltration Systems

The infiltration systems described below range in design from stone-filled trenches and basins

to permeable asphalt pavement. All utilize differing methods for removing soluble and fine

particulate pollutants found in storm water runoff. To prevent infiltration systems from

becoming clogged with fine sediment, it is essential to pretreat the incoming runoff. Methods

of pretreatment range from filter cloth to vegetated filter strips. With pretreatment, infiltration

systems can be an effective component of a water quality management measure.

It is important to recognize that infiltration systems create a risk of transferring pollutants from

surface water to ground water. Therefore, infiltration systems should not be used near wells,

in wellhead protection areas, in areas with high ground water, or in karstic terrain or in settings

in which drinking water supplies may become contaminated. Furthermore, concentrations of

toxic materials leached into the substrate could result in a hazardous waste designation for

the area subject to regulations under CERCLA.
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Infiltration Trench #1 - An infiltration trench works by diverting storm water into a shallow (1 to

2.5 meter or 3 to 8 feet) excavated trench which has been backfilled with stone to form an

underground reservoir. Runoff is then either exfiltrated into the substrate or collected in

underdrain pipes and conveyed to an outfall. Infiltration trenches are an adaptable practice

that adequately removes both soluble and particulate pollutants. They are primarily an onsite

control and are seldom practical or economical for drainage areas larger than 2 to

4 hectares (5 to 10 acres). Infiltration trenches are one of the few practices that adequately

provide pollutant removal on small sites of infill development. They preserve the natural

ground water recharge capabilities of a site and can often fit into margins, perimeters, and

other unused areas of the site. A disadvantage is that infiltration trenches require careful

construction, pretreatment, and regular maintenance to prevent premature clogging.

Infiltration trenches can be used effectively in sandy or sandy loam soil areas but are much

less effective for clayey or silty soils.

Infiltration Trench #2 - Similar to the trench system described above, this design accepts

sheet flow from the lower end of a parking lot or paved surface. Runoff is diverted off the

paved parking lot through slotted curbs. The slotted curbs function as a level spreader for

storm water. A grass filter strip separates the trench from the paved surface for capture of

sediments. This trench includes a perforated PVC-type pipe for passage of large design

storm events. At the end of the trench is a grassed berm to ensure that runoff does not

escape.

Infiltration Basin - Infiltration basins are an effective means for removal of soluble and fine

particulate pollutants. Unlike other infiltration systems, basins are easily adaptable to provide

full control for peak storm events. Basins can also serve large drainage areas (up to

20 hectares or 50 acres). Basins are a feasible option where soils are permeable. Basins are

advantageous in that they can preserve the natural water table of a site, serve larger

developed areas, be used as a construction sediment basin during construction and converted

later to a long-term BMP, and are reasonably cost-effective in comparison to other practices.
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One disadvantage is the need for frequent maintenance. In addition, infiltration basins have

sometimes failed because they were installed in unsuitable locations or soils.

Drv Well - A small infiltration system designed to accept storm water from a roof-drain

downspout. Rather than dispersing its storm water across a paved surface or grassed area,

the downspout pipe connects directly into the dry well which filters rooftop runoff into soils.

This system should not be used near foundations where expansive soils are found, as

foundations may be damaged.

Porous Pavement - Porous pavement is a permeable pavement having the capability to

remove both soluble and fine particulate pollutants in runoff and provide ground water

recharge. Use is generally restricted to low-traffic-volume parking areas. Porous pavement

systems can receive runoff from adjacent rooftops. This reasonably cost-effective practice is

only feasible on sites with gentle slopes, permeable soils, deep water tables, and bedrock

levels. It also requires careful design, installation, and maintenance. Although porous

pavement has the high capability to remove both soluble and fine particulate pollutants from

storm water runoff, it can become clogged easily and is difficult and costly to rehabilitate.

From a pollutant removal standpoint, Infiltration Trenches, Basins, and Porous Pavement have

a moderate to high removal capability for both particulate and soluble pollutants, depending

upon how much of the annual runoff volume is effectively exfiltrated through the soil layer. It

should be noted that infiltration practices should not be entirely relied upon to achieve high

levels of particulate pollutant removal (particularly sediments), because these particles can

rapidly clog the device. For these systems to be effective, particulate pollutants must be

removed before they enter the structure by means of a filter strip, sediment trap, or other

pretreatment devices, and these devices must be regularly maintained.
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Filter Strips

The filter systems described below rely on various forms of erosion-resistant vegetation to

amplify particulate pollutant removal, improve terrestrial habitat, and enhance the appearance

of a site. In addition, filter systems can improve both the performance and amenity value of

pond and infiltration practices via storm water pretreatment.

Grass Filter Stri~ - These are similar to a grassed swale, but they can only accept overland

flow. Filter strips are effective when used to protect surface infiltration trenches from clogging

by sediment. They are effective in removal of sediment, organic material, and trace metals.

They should be used as a component in an integrated storm water management system.

Filter strips are inexpensive to establish if presewed prior to site development. As with all

filter systems, long-term maintenance (mowing, inspection for short circuiting, etc.), should be

included in overall costs.

Riparian Buffer Strip - Riparian buffer strips improve water quality by removing nutrients,

sediment and suspended solids, and pesticides and other toxins from surface runoff as well as

from subsurface and ground water flows. The pollutant removal mechanism associated with

riparian vegetation combines the physical process of filtering and the biological processes of

nutrient uptake and denitrification.

Grassed Swale - This is a grassed, low gradient conveyance channel that provides some

water quality improvements for storm water via natural filtration, settling, and nutrient uptake

the grass cover. Often used as an alternative to curb-and-gutter drainage conveyance,

grassed swales affect peak discharges by lengthening the time of concentration. They can

also be fitted with low check dams to increase removal efficiency via temporary pending.

Sand Filters - Sand filters are a water quality control filtration system used to remove large

particulate from runoff and protect filter media from excessive sediment loading at storm

of
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water quality control basins. Sand filters can be used independently or with a dry pond basin

element.

Peat/Sand Filters - This is a man-made soil filter system utilizing the natural absoptive

features of peat. The system features a grass cover crop and alternating sublayers of peat,

sand, and a perforated pipe underdrain system. Systems are presently used for municipal

waste effluent treatment and are being adapted for use in storm water management.

Filter strips have a low-to-moderate capability of removing pollutants in urban runoff and

exhibit higher removal rates for particulate rather than soluble pollutants. Pollutant removal

techniques include filtering through vegetation and soil, settling and deposition, and uptake by

vegetation. Riparian buffer strips appear to have a higher pollutant removal capability than

grass filter strips. However, length, slope, and soil permeability are critical factors that

influence the effectiveness of any strip. Another practical design problem is prevention of

storm water from concentrating and thereby “short-circuiting” the strip.

Filter systems are an essential component of a comprehensive nonpoint source control

strategy but should generally be used in conjunction with infiltration systems and pond

systems as a pretreatment for runoff.

Oil/Water Separators

There are several types of oil-water separators. The basic separators that could be utilized at

a construction activity are listed as follows:

SC Separator - An SC separator consists of an underground vault or manhole with an inlet

pipe and “T” outlet. The structure of the separator allows for separation of floating oil only and

has a capacity for small spills.
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API Separator - The API separator consists of a rectangular vault with a series of baffles.

Some systems have sophisticated equipment for skimming and removal of oil and other

materials.

CPI Separator - The CPI separator consists of a vault that contains a series of closely aligned

parallel plates made of fiberglass. The plates are positioned at an angle to the direction of

inflow from Oto 60 degrees.

Oil/water separators may be used within a storm drainage system or as a pretreatment for

discharge into the sanitary system or hold tank for removal. An SC separator is effective for

retaining small fuel or oil spills. The API and CPI separators are effective in removing diluted

oil droplets from storm water. Maintenance must be performed regularly. Oil/water separators

must be cleaned frequently to keep accumulated oil from escaping during larger storm events.
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6.0 Mobilization, Impiementation, Monitoring, and Documentation

6.1 Mobilization/impiementation

The first step of mobilization should be the implementation of controis. The controis shouid be

constructed or appiied in accordance with state or iocai standard specifications. If there are

no state or iocal specifications for control measures then the controis should be constructed in

accordance with Appendix C. in any event the controls must be constructed in accordance

with good engineering practices and in compliance with NPDES regulations. Appendix C iists

typical design standards for structural control measures. The controis should be constructed

and the stabilization measures applied in the order indicated by the sequence of major

activities.

To ensure that controls are adequately implemented, it is important that the work crews

installing the measures are experienced and/or adequately trained. Improperly installed

controls can have little or no effect and may actually increase pollutant export. It is also

important that ali other workers on the construction site be made aware of the controls so that

they do not inadvertently disturb or remove them.

6.2 Site Inspections

inspection and maintenance of the control measures are as important to poiiution prevention

as proper planning and design. inspection should be performed at the frequency specified in

the SWPPP and/or the issued permit. Each state has different inspection and reporting

requirements, the reader is encouraged to contact the permit authority for the states in

question. The inspector should note any damage or deficiencies in the control measures in

an inspection report. An example of an inspection report can be found in Appendix D, as

Exhibit D-2. The operator should correct damages or deficiencies as soon as practicable after

the inspection, and any changes that may be required to correct deficiencies in the SWPPP

shouid be made as soon as practicable after the inspection. In addition to the inspection and
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maintenance reports, the operator should keep records of the construction activity on the site.

In particular, the operator should keep a record of dates when each activity starts and is

completed. Exhibits D-2 through D-4, in Appendix D may be used to record this information.

The Inspection and Maintenance Report Forms are organized into three basic management

measures: (1) Structural Controls, (2) Vegetative Controls, and (3) Management Measures.

The particular practices associated with these measures are located in Appendix C, and are

categorized in Section 3.4.4. The general permit requires inspection every 7 days or within

24 hours of a storm event of 12.5 mm (0.5 inch) or more. All disturbed areas of the site,

areas for material storage, locations where vehicles enter or exit the site, and all of the

erosion and sediment controls that were identified as part of the plan must be inspected.

Controls must be in good operating condition until the area they protect has been completely

stabilized and the construction activity is complete. The construction project manager will

designate an inspector for monitoring BMP’s (these inspections can be performed as part of a

regular construction inspection program). As the principal permittee, COE will also regularly

inspect each construction site to determine compliance with provisions of the SWPPP.

Construction sites which do not comply with provisions of the SWPPP will be shut down by

COE until compliance is achieved.

6.3 Personnel Designation

Designated personnel for each contractor/tenant construction project should be listed in the

Pollution Prevention Committee Members form, Exhibit D-1, in Appendix D.

6.4 Training

Personnel performing site inspections (COE and tenant projects) are required to be

experienced in construction practices and erosion and sediment control practices. Many

states and organizations offer general training programs in sediment and erosion control.

Training as a whole should address:
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● The location and type of control measures.

● The construction requirements for the control measures.

● Spill response.

● Inspection and maintenance record-keeping requirements.

● Pollution control laws and regulations.

● Good housekeeping and material management practices.

● Particular construction activity features and operations designed to minimize
storm water pollution.

COE will review SWPPP requirements with each tenant or contractor before approving

construction activities.

A large part of the success of an SWPPP is the capability and interest of the employees

responsible for implementing and maintaining the program. Personnel must understand the

importance of the program and the goals of the SWPPP. Personnel must be trained in the

techniques of response, removal, and documentation. The permit authority representatives

will be inspecting the general permit participants, and it is important that they are received by

trained, knowledgeable personnei who have access to the SWPPP, environmental files, and

other documentation. The SWPPP documentation must be current and complete when

inspected.

Annual training workshops and meetings should be established, at which time employee

participation and input should be encouraged. Training schedules should be recorded (see

Table E-5, Appendix E). New techniques of storm water management controls as well as

changes in permit compliance or limits should be explained to the employees.
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6.5 Nonstorm water discharges

6.5.1 Certification

The general permit requires nonstorm water discharges to be eliminated prior to the

implementation of the SWPPP. Existing industrial facilities must certify that there are no

nonstorm water discharges present in the storm water drainage system. All facilities must

certify and monitor outfalls for dry weather discharges.

The certification page for nonstorm water certification is shown in Appendix F. A certification

page should be signed and retained as part of the SWPPP documentation. All forms filled out

while surveying and evaluating outfalls should also be inserted into the nonstorm water

discharge section of the SWPPP. A record of methods used, dates, and time conducted

should be listed on the form.

If certification is not feasible because of the inability to eliminate the nonstorm water discharge

because of the need for significant structural changes, the construction activity must notify the

permit authority. This notification should include a summary of why the extension in

eliminating nonstorm water discharges is required and a schedule indicating when nonstorm

water discharges will be eliminated. The schedule is subject to modification by the permit

authority.

6.5.2 Nonstorm Water Inspection

The inspection for nonstorm water discharges should take place concurrently with the

inspection of the drainage system (Section 6.5.3).
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6.5.3 Drainage System

There may be several drainage systems serving the construction activity depending on

topography. The inspection for each drainage system should begin at the farthest discharge

point from the center of construction activity operations. The farthest discharge point may be

at the property boundary, or it may be at the point where the “waters of the United States”

cross the construction activity property and intersect with a drainage system.

Physical inspection of the outfalls should include (principal issues identified):

● Flow

● Odor

● Clarity

● Floatable

● Stains, etc.

● Vegetation

If flow is present, and precipitation has not occurred within the
past 3 days, there maybe a problem requiring further
investigation unless the source is positively known and is
nonpolluting.

The presence of any odor from the drainage system may indicate
an unnatural occurrence.

If water is present, standing or flowing, and it is not clear,
pollution should be suspected.

If there is floating debris, garbage, sewage, or an oily sheen, the
source of the material should be identified.

If stains are present on lined channelslpipes, or other than the
normal vegetation or soil color, this may be an indicator requiring
further investigation.

If vegetation in the discharge channel is more luxurious or,
conversely, appears stressed in comparison to adjacent
vegetation, this is likely an indicator of excess nutrients or other
problems and requires further investigation.

In addition, inspection should note siltation or scour problems below outfalls, or at system

confluences, for referral to construction activity maintenance officials.
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Chemical inspection of outfalls may make use of dry weather monitoring kits if dry weather

flow is observed from the discharge points(s) or stagnant pools are observed at the discharge

point(s). The results of the tests using these kits can assist in identifying possible problem

sources upstream in the system,

From the discharge point(s), the inspection should proceed upstream. Similar inspections

should be made of each intervening discharge point, if the storm drain is not continuous to its

final outfall. If the storm drain is continuous, inspections should be made at each manhole

upstream to the inlets of the storm water drainage system. (Inspectors shall not enter

manholes unless OSHA-approved confined space entry procedures are followed.) The

inspectors should make note of any of the items listed above. Particular attention should be

given to connections in the storm water drain lines or any inlet lines not shown on the plans.

Patched pavements may be indicators of postdesign connections.

Attention should be given to determine the discharge destination of floor drains. These

drains must be connected to the sanitary sewer system.

The flow paths to each of the inlets must be inspected, as well as the inlets themselves.

Particular attention should be given to the presence of grease, oil, fuel, chemical, or solvent

residues along these flow paths, as well as any other staining that could indicate a pollutant

that could be washed down the storm drain. Inlet sumps should be inspected. Debris

collected in inlet sumps should be removed regularly and before any substantial buildup

occurs.

The physical condition and cleanliness of the components of the drainage system must be

inspected as well. The inspector should make sure that the drainage areas are clean and free

of debris. The physical integrity of all conveyances and discharge points should be inspected

for corrosion, seam and joint connections, erosion, silting, leaks, and condition of dikes,

berms, and other structures of the storm water controls.
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These inspections, related to the construction activity SWPPP’S, are Important to

ensure that pollutants arising from other industrial activities are not incorrectly

ascribed to the construction activity.

Tabie D-6, Appendix D, wiii be used to record drainage system maintenance and inspection

observations.

inspection of paved areas is not a difficuit task, because aii surfaces can be easiiy seen. With

respect to storm water poiiution, if the paved areas are free of visibie poiiutants, storm water

contamination is less iikeiy.

inspections wiii focus on maintenance activities that assure that paved surfaces are clean of

chemicais, grease, oii, soivents, and fuels, and that other potentiai pollutants are kept off the

paved areas, or that they are kept covered and out of storm water fiow paths.

Paved areas wiii aiso be inspected for cracks. Where there is a significant potentiai for a spiii,

such as drip pads or fueiing stations, cracks may aliow pollutants to seep into the soii where

ground water contamination couid occur. Maintenance activities couid inciude proper grouting

of aii pavement joints.

Herbicides and petroieum products are sometimes applied to pavement cracks and at joints to

controi vegetation growth. The use of herbicides or other chemicals shouid be reviewed, as

these materials may combine with storm water runoff or infiltrate into the underlying soii. If

herbicides must be used, those with iow toxicity and persistence shouid be considered. The

frequency of application should be reduced to the minimum required. Grouting of joints and

cracks may offer an alternative to herbicide application.
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6.6 Final Stabilization~ermination

As soon as practicable after construction activities have been completed in a disturbed area,

permanent stabilization should be started to prevent further erosion of soil from that area. All

disturbed areas of a site, except those portions which are covered by pavement or a structure,

should be finally stabilized once all construction activities are completed. Final stabilization

requirements may vary from permit to permit. Final stabilization is defined by the EPA

General Permit as meaning that all soil-disturbing activities at the site have been completed,

and that a uniform perennial vegetative cover with a density of 70 percent of the cover for the

unpaved areas has been established or equivalent stabilization measures, such as the use of

riprap, gabions, or geotextiles, have been employed.

Operators of a construction site must continue to comply with permit conditions until: (1) they

no longer meet the definition of an operator of a construction site; or (2) the construction

activity is complete, all disturbed soils have been finally stabilized, and temporary erosion and

sediment controls have been or will be removed. A permittee should submit a Notice of

Termination (NOT) to inform EPA that they are no longer an operator of a construction activity.

The NOT is a one-page form (see Appendix F) which should be completed and submitted to

the permitting authority when a site has been finally stabilized or when an operator of a

construction activity changes. The NOT is typically the final task required to comply with the

requirements of an NPDES storm water permit for a construction activity. The NOT

communicates to the permitting authority that the construction activity has ceased and the

area is stabilized.

Note that when there is a change in operators of a construction activity, then the new operator

must submit an NOI to be covered by the permit at least 2 days before the change in

operator.
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Where the NOT’s are submitted depends on the permitting authority. Some state agencies do

not require submittal of NOT’S. Federally regulated NPDES permits require NOTS to be

submitted to the following address:

Storm Water Notice of Termination
P.O. BOX 1185

Newington, Virginia 22122

Following the termination of construction activities, the permitters must keep a copy of the

SWPPP and records of all the data used to complete the NOI for a period of at Ieast 3 years

following final stabilization. The record retention period may be extended by the permitting

authority’s request.

FOR THE COMMANDER:

10 Appendices
(See Table of Contents)

ROBERT H. GRIFFIN
Colonel, Corps of Engineers
Chief of Staff
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APPENDIX A

List of State Contacts
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Alabama
(205) 271-7852
Department of Environmental
Management- Water Quality Division
1751 Congressman W.L. Dickson Drive
Montgomery, Ala. 36130

Alaaka *
(206) 553-8399
U.S. EPA, Region 10
1200 Sixth Ave.
Mailcode: WD-234
Seattle, Wash. 98101

(907) 271-3689
U.S. EPA-Alaska Operations Office
222 West 7th Ave., No. 19
Anchorage, Alaska 99513-7588

Arizona*
(415) 744-1906
U.S. EPA, Region 9
75 Hawthorne St.
Mailcode: w-5-1
San Francisco, Calif. 94105

Arkansas
(501) 682-0627
Department of Pollution Control
and Ecology-Water Division
8001 National Drive
P.O. BOX 8913
Little Rock, Ark. 72219-8913

California
(916) 657-1110
State Water Resources Control Board-
Water Quality Division
P.O. Box 100
901 P St.
Sacramento, Calif. 95801

Colorado
(303) 331-4590
Colorado Department of Health
Water Quality Control Division
4300 Cherry Creek Dr. South
Denver, Colo. 80222-1530

Comecticut
(203) 566-7167
Department of Envir. Protection
Water Management Bureau-Water
Discharge Management
165 Capitol Ave.
Hartfordt Corm. 06106

Delaware
(302) 739-5731
Department of Natural Resources and
Environmental Control-Division of
Water Resources
Water Pollution Control Branch
NPDES Stormwater Program
89 Kings Highway
P.O. Box 1401
Dover, Del. 19903

* As of February 1995, for non-NPDES states and territories, EPA regional
office contacts are listed.
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Disftrict of Columbia* Hawaii
(215) 597-1651 (808) 586-4309
U.S. EPA, Region 3 Department of Health
841 Chestnut St. Building Clean Water Branch
Mailcode: 3HW31 P.O. BOX 3378
Philadelphia, Pa. 19107 Honolulu, Hawaii 96801

Florida* Idaho *
(404) 347-3633 (206) 553-8399
U.S. EPA, Region 4 U.S. EPA, Region 10
345 Courtland St. N.W. 1200 Sixth Ave.
Mailcode: 4WM-WPEB Mailcode: WD-134
Atlanta, Ga. 30365 Seattle, Wash. 98101

(904) 488-0782 (208) 334-9498
Department of Envir. Regulation U.S. EPA
Stormwater/Nonpoint Source Mgmt. 422 West Washington
Section Boise, Idaho 83702
Twin Towers Office Building
2600 Blair Stone Road Illinois
Tallahassee, Fla. 32399-2400 (217) 782-0610

Environmental Protection Agency
&aorgia Water Pollution Control Division
(404) 656-4887 2200 Churchill Road
Industrial Wastewater Program P.O. BOX 19276
(404) 362-2680 Springfield, Ill. 67294-9276
Municipal Permitting Program
Department of Natural Resources Indiana
Environmental Protection Division (317) 233-6725
205 Butler St. S.E. Department of Environmental Mgmt.
Atlanta, Ga. 30334 Water Management Office

NPDES Permits Group
100 N. Senate Avenue
P.O. BoX 6015
Indianapolis, Ind. 46206

* As of February 1995, for non-NPDES states and territories, EPA regional
office contacts are listed.
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Iowa Maine*
(515) 281-7017 (617) 565-3590
Department of Natural Resources U.S. EPA, Region 1
Surface and Groundwater Protection Compliance Branch-WPC
Bureau JFK Federal Building
Wallace State Office Building Boston, Mass. 02203
900 E. Grand Ave.
Des Moines, Iowa 50319-0034 (207) 289-7693

Department of Envir. Protection
Kansas Water Bureau
(913) 296-5547 State House, Station 17
Department of Health and Envir. Augusta, Maine 04333
Water Bureau
Forbes Field, Building 740 Maryland
Topeka, Kan. 66620 (410) 631-3323

Hazardous & Solid Waste Mangment
Kentucky Administration-Sediment &
(502) 564--3410 Stormwater Management
NPDES Branch Administration
Department of Envir. Protection Department of the Environment
Water Division 2500 Broening Highway
18 Reilly Road Baltimore, Md. 21224
Frankfort, Ky. 40601

Massachusetts*
Louisiana* (617) 565-3590
(214) 665-7523 U.S. EPA, Region 1
U.S. EPA, Region 6 Special Permits Section,
1445 Ross Ave. Wastewater Management Branch
Mailcode: 6W-PM JFK Building
Dallas, Texas 75202 Mailcode: HPU-1

Boston, Mass. 02203
(504) 765-0525
Department of Envir. Quality
Office of Water Resources
Water Pollution Control Division
P.O. b’ox 82215
Baton Rouge, La. 70884-2215

* As of February 1995, for non-NPDES states and territories, EPA regional
office contacts are listed.
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M chigan
(517) 373-8088
Department of Natural Resources
Surface Water Division
P.O. EfOX 30338
Lansing, Mich. 48909

Minnemota
(612) 296-7203
General Program and Industrial
Permits
(612) 296-8722
Municipal dischargers
(612) 296-7219
Construction activity dischargers
Pollution Control Agency
Water Quality Division
520 Lafayette Road
St. Paul, Minn. 55155

Mississippi
(601) 961-5074
Office of Pollution Control,
Industrial Wastewater Branch
Mississippi Department of Envir.
Quality
2380 Highway 80 W
Jackson, Miss. 39289-0385

MimJouri
(314) 751-6825
Department of Natural Resources
Water Pollution Control Program
P.O. BOX 176
Jefferson City, Mo. 65102

Montana
(406) 444-2406
Department of Health and Envir.
Sciences-Water Quality Division
P.O. BOX 200901
Helena, Mont. 59620-0901

Nebraeka
(402) 471-4239
Department of Environmental Ctrl
Water Quality Division
P.O. BOX 98922
Lincoln, Neb. 68509

Nevada
(702) 687-4670
Department of Conservation and
Natural Resources
Environmental Protection Division
123 W. Nye Lane
Carson City, Nev. 89710

New Hampshire*
(617) 565-3590
U.S. EPA, Region 1
Compliance Branch--WPC
JFK Federal Building
Boston, Mass. 02203

(603) 271-2457
Department of Environmental Services
Water Supply and Pollution Ctrl Div
Water Quality Permits and Compliance
Bureau
P.O. Box 95
6 Hazen Drive
Concord, N.H. 03301

* As of February 1995, for non-NPDES states and territories, EPA regional
office contacts are listed.
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New Jezwey North Dakota
(609) 633-7026 (701) 221-5242
Department of Environmental Department of Labor and Consolidate
Protection and Energy Laboratories-Water Quality Division
Water Resources Division 1200 Missouri Ave.
Water Quality Planning Bureau P.O. b’oX 5520
401E. State St. Bismark, N.D. 58502-5520
Trenton, N.J. 08265-0029

Ohio
New Mexico* (614) 664-2001
(214) 665-7523 Environmental Protection Agency
U.S. EPA, Region 6 Water Pollution Control Division
1445 Ross Ave. P.O. BOX 163669
Mailcode: 6W-PM 1800 Watermark Drive
Dallas, Texas 75202 Columbus, Ohio 43266-3669

Hotline: (614) 644-2053
(505) 827-2798
Water Quality Control Commission Oklahoma*
1190 St. Francis Dr. (214) 665-7523
Harold Runnels Building U.S. EPA, Region 6
P.O. BOX 26110 1445 Ross Ave.
Santa Fe, N.M. 87502 Mailcode: 6W-PM

Dallas, Texas 75202
New York
(518) 457-1157 Oregon
Department of Environmental Conserv (503) 229-5256
Wastewater Facilities Design Department of Environmental Quality
50 Wolf Rd. Water Quality Division
Albany, N.Y. 12233 811 S.W. Sixth Ave.

Portland, Ore. 97204
North Carolina
(919) 733-5083 Pennsylvaniaa
Department of Envir., Health and (717) 787-8184
Natural Resources Department of Envir. Resources
Division of Environmental Mgmt. Water Quality Management Bureau
Water Quality Planning P.O. BoX 2063
P.O. BoX 29535 Harrisburg, Pa. 17120
Raleigh, N.C. 27626-0535

* As of February 1995, for non-NPDES states and territories, EPA regional
office contacts are listed.
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Rhode Island
(401) 277-6519
Department of Environmental Mgmt.
Division of Water Resources
291 Promenade Street
Providence, R.I. 02908

South Carolina
(803) 734-5300
Bureau of Water Pollution Control
Department of Health and
Environmental Control
2600 Bull St.
Columbia, S.C. 29201

South Dakota*
(303) 293-1647
U.S. EPA, Region 8
999 18th St., Suite 500
Denver, Colorado 80202-2466

(605) 773-3351
Department of Envir. and Natural
Resources-Division of Envir.
Regulation
Joe Foss Building
523 East Capitol
Pierre, S.D. 57501-3181

Tennessee
(615) 741-7833
Division of Water Pollution Control
150 Ninth Ave. N.
Fourth Floor
Department of Environment and
Conservation
Nashville, Term. 37243-1534

Texas *
(214) 665-7523
U.S. EPA, Region 6
1445 Ross Ave.
Mailcode: 6W-PM
Dallas, Texas 75202

Utah
(801) 538-6146
Department of Environmental Quality
Division of Water Quality
Salt Lake City, Utah 84114-4870

Vermont
(802) 241-3822
Department of Envir. Conservation
Permits, Compliance and Protection
Division
103 S. Main St.
Waterbury, Vt. 05676

Virginia
(804) 527-5083
Virginia Department of Environmental
Quality-Water Control Board
P.O. Box 11143
Richmond, Va. 23230-1143

Washington
(206) 438-7614
Industrial permits
(206) 438-7529
Municipal permits
Department of Ecology-Office of
Water Programs
Mail Stop PV-11
Olympia, Wash. 98504-7696

* As of February 1995, for non-NPDES states and territories, EPA regional
office contacts are listed.
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West Virginia
(304) 558-8855
Department of Commerce, Labor
and Natural Resources-Office of
Water Resources-Industrial Branch
State Capitol Building
1201 Greenbrier St.
Charleston, W. Va. 25311

Wisconsin
(608) 267-7634
Department of Natural Resources
Bureau of Wastewater Management
P.O. BOX 7921
Madison, Wis. 53707

Wyoming
(307) 777-7082
Department of Environmental Quality
Herschler Building, 4th Floor
Cheyenne, Wyo. 82002

American Samoa*
(415) 744-1906
U.S. EPA, Region 9
75 Hawthorne St.
Mailcode: W-5-1
San Francisco, Calif. 94103

Guam *
(415) 744-1906
U.S. EPA, Region 9
75 Hawthorne St.
Mailcode: W-5-1
San Francisco, Calif. 94103

Northern Mariana Islands*
(415) 744-1906
U.S. EPA, Region 9
75 Hawthorne St.
Mailcode: W-5-1
San Francisco, Calif. 94013

Puerto Rfco*
(212) 264-8611
U.S. EPA, Region 2
26 Federal Plaza, Room 845
Mailcode: WMD-WPCB
New York, N.Y. 10278

(809) 767-8181
Director of Water Quality Area
Environmental Quality Board
P.O. BoX 11488
Santurce, Puerto Rico O09Z0

Virgin Islands
(809) 773-0565
Department of Planning and Natural
Resources-Environmental Protection
Division
Government House
Charlotte Amalie
St . Thomas, Virgin Islands 00801

(809) 774-3320
Director, Coastal Zone Management
Office-Department of Planning and
Natural Resources
6003 Annas Hope
Christiansted
St Croix, VircrinIslands 00820-4433

* As of February 1995, for non-NPDES states and territories, EPA regional
office contacts are listed.
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THIS FORM REPLACES PREVIOUS FORM 35104 (S-92) Fotrn Approvad. ows NO.SMe.MM

See Reverse for Instructions ~ ●mm e-sl-cs

NPDES
Unltad States Environmental Protection Agency

4%EPA Washington, DC 20460

FORM Notice of Intent (NOI) for Storm Weter Discharges Associated with Industrial
Activity Under e NPDES General Permit

;ubmission of this Notice of Intent constitutes notice that the party identified in Sacficn II of tits form intends to ba authorized by a NPDES permfi issued for
10MI water dmcharges associated with industrial acfivi in me State identjfmt in Sacfion Ill of tfsis form. Becomin a mni
omply Mth the terms and conditions of ths Wnnit. ‘1

~~ Sfeeobligatesauch discharger to
A L NECESSARY INFORMATION MUST BE PROVIDED O HIS FORM,

1. Permit Selection: You must indicats the NPDES Storm Water generaJ patmit urrder vhich you ars applfing for mverage. Check one of these. fallowing:

Baseline ❑ Baseline

•1

MuKi-Sacfor
Industrial COnstrvcMon (Group Permit) •1

Il. FaciliFy Operator Information

Name: , t i , J ptie: ~

Address: I
status of

1 1 1 I 1 1 1 1 1 , 1 1 1 I I I 1 t I 1 1 1 1 1 1 1 1 1 ! t 1 I @nerKlparatOr: •1

City: I State: W ZIP Code:1 1 1 ! ! r 1 1 [ 1 1 t 1 1 1 1 1 ! t I I 1 I 1 1 I I t 1 I 1

Ill. Facility/Site Locatton Informatmn

Name. I I Is fhe facifi located on
, ! ! , , , ( , i I , , I , , , I , I , , , , 2Indian Lan a? (Y or N) ❑

Address I t , ! , t , , , , , , 1 , I , , 1 1 , , , , ! I 1 , , , , , I

City: I J State: I_lJ zip ~e:l1 I I 1 1 1 I t 1 I 1 1 I 1 1 ! 1 1 1 1 1 1 I I I 1 I I I I 1

Latitude: ~ Lcmgit.de: ~ Q.mfec W S.tion: W Township: I , , , ] Range: H

IV. Site Activity Information

MS4 Operator Name: I , , , , , , , I 1 I ! 1 1 , I I , , , , , ! t t , , I

Receiving Water Body: 1 I , I I

If you are fhng as a co-permittee,
enter storm water general pemit number I I Based on the instructions provided In Addendum H of the

SIC or Designated
Multi-Sacfor permit, are species identified in Addendum H
in proximity to the storm water discharges to be covered

Act[wty Code. Primary I , I t I 2nd: ~ under this permit, or tie areas of BMP construction to
control mose storm water discharges?

•1

(Y or N) ❑
Is the facihty raqu!red to submit monitoring data? (1, 2, 3, or 4)

Will construction (land disturbing ativities) be ccmducfad
If You Have Another Existing NPDES
Perm!t, Enter Permit Number:

for storm water controls? (Y or N)
I

❑
( 1 , I , , I $

Is applicant aubjec4 to and in compliance with a witfen
historic preservation agreement7 (Y or N) •1

V. Addlt[onal Inlormatlon Requ!red for Construcbon Actwmes Only

Project Start Date: Completion Date: Is me Storm Water Pollution Prevention Plan

lJJ_J_J~
Estimated Area to ba

I
in compliance with State andlor Local

Disturbai (in Acres): 1 1 , , aadiment and erosiem plans? (Y or N) •1

V1. Certification: The cetiflcation statement in %x 1 applies to ell applicants.
The certification statement in Box 2 applies ~ to facilities applying for the Mulfi-Sacfor storm water general permit.

BOX 1 BOX 2
ALL APPLICANTS: MULT1-SECTOR STORM WATER GENERAL PERMIT APPLICANTS ONLY:

I cer’hfy under penalty of law that this I certify under penalty of law that I have read and understand the Part I.B. eligibility requirements for

document and all attachments were coverage under the Multi-Sactor storm water generti pan’nd, including those raquirementa relating to
prepared under my dlrect#on or Supewls[on the protactrm of apacies identifmd in Adderdum H.
in accordance with a system designed to
assure that quallfied personnel property To the bast of my knowfadge, the discharges covered under this permit, and construction of BMPs to
gather and evaluate me inforrnabon control storm water run-off, are not likely to and WI not likely edversely affect any species identified in

submmed. Based on my inquiry of “tie Addendum H of the Multi. Sactor storm water general permit or are otherwise ehgble for average due
parson or parsons who manage me system, to previous authorization under the Endangered Spades Act.
or those persons diracfly responsible for
gathering the information, tie information To the best of my knowtadge, I further cartify that such discharges, and construction of BMPs to

submttted is, to the best of my knowiadge control storm water nmaff: do net kave an effect on properties listed or elfgtble for Iisbng cm the
and bellef, true, accurata, and complete, I National Register of Historic Places under the Nabonal Historic Preservation Act, or are othewwse
am aware that there are slgnhcant penalties eligible for wverage due to a prawous agreement under the National Historic Presewatcm Act.
for Submlfllng false mformabon, mcludmg the
Posslbllhfy of fme and imprisonment for I understand that COnfinuad wvarage under tfw Multi-Sactor genered permit is corrbngent upon
knowing violations maintaining eligibildy as protidad for in Part I.B.

Print Nama: , , , , , , , , i , , , , I Oata: ~

,ionature
EPA Form 35106 (8-98)
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Inotmcftotu - EPA Fotm 3S10-6
Notico Of Itint (NOl) For SWWI Wstor Olscharg.c ~ooclabd w5yh Indusbfal AcUvlty

10 SC Cov.md Under ● NPOSS Gmwra[ Pmnlt

Mm Uuat Fllo A Nofka Of Itint (f401) FomI

Fcderd hw at 40 CFR Pm 122 pmhblb point sou~ d~a~es of smnn wster
tssouled wth md.sbid ●lmhy to s wmer bcdy(ies) c4tie U.S wtmout s Nmorml
Postint DimDc ElibnimbonSystem(NPDES) pcnnk The wm30f d ●n hdusb’bl

K&W that has Buch ● storm wat8r dtiwge must submil ● NOI to obtah mwmge
undera NPOES StormMWer Genoml Pc~ ffyouhabmqwsbms *bout wlmmer YOU
nacd a pw’ml undw the NPOES Stotm Water pmpmm, or ~ you mod hftonfutbn ●s
b tichor a patihr pmfmm h ●dmlniitamd by EPA or ● state ●gency,W8phone
or ti to the Nob of Intent Pmm”ing Cantw ●t ~03) S31.3230.

W?ICmTo Fllc NOI Form

NOIS must be tent to the YuUtinO ●ddress. Storm Water Nolin? G4Intent (4203)

401 M S6W( S.W.

Washmgban. OC 20450

Sunpkdno lho F.nm

You must typo or pmt. using upper-m Wtem, in *8 sppmptits ●reas only PI.*M
plus ●ach character between the marks Abbmnate # ..-Wry & may withh tie
numberofcharactam●lbwod for ●ach bm. lice WI* spa- for bmahs lwwwn words,

bid not for Wnctuatin marks unkss tfwy am fwdod to dmfty your tmsponw if you
h-w any quest!ons on lhii form, cdl the Nodca of Intent Pmw$sing Center d (703)
S31.2230.

Section I p9~n S*l*ctiOn

You ~ md-te tie NPOES storm watw general PZMM under W!ii you am

~PP!Wo for mvemoe Check one b. Only The Basehne Indusbul nnd Smahne
Con$ou@anpemmswere issuedinSeptemb8r 1092 The Muft.LSec+orPmnit becmne
●ffecwmOaober 1, 1995

Section Ii Facility Opomtor Information

Pmvde the legal name of the prson, firm, pubic OfQsnIzaCon,or ●y other enbtythat
opemtesthe fauky or ate descdbedh tin ●ppliition The name of b+eopemtocmaY
or msy no! k the $am+ as the name of the fmifii. The mspnsible pmty is the b.aal
entdymatcontrolsthe bulWs opaatwn, rmmerthanthe p48ntor shemanager 00 not
use a wllcquial nm!a Enter tie compbte ●ddress ●nd telephone number C4the
Opemtor

Enter tie ●ppropriateletter to indcate the I@ d8tus of tie operator of the fadfii.
F = Federd S = Sime, M = Publk (other than federd or slMeb P = Private.

Section Ill FecNitylSib Location Infomwtion

Enter tie f.alWs or kte’s ofkial or legal name ●nd complete street ●ddress, including

my aim ●nd ZIP code If the facifii or $fie lack, 8 sbwt sddresa, indate UW Stme

and ●nher the Iatd.de and Iongk!de of the fddy to the I19wosl 15 seconds z the

q.wler, sectmn, township, tnd range (m the neared qumter sedinn) tithe approximate

cmtef of fhe stie Do not provide a P.O. So% numkr as the remet ●ddms$

Ind!ute whether the f.cifty 13tiled on Indian hnds

Socdon IV Sb Acdvlty Intornution

If tie 8tonn waler d,tia~es to. m+miap.1 separate storm sewer sy$fem (MS4), ●nter
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PREFACE

This appendix provides best management practices (BMP) which will aid the
designer in the preparation of a Storm Water Pollution Prevention Plan. The BMP
listed in this appendix were taken primarily from the following sources;

1. Virginia Department of Conservation and Recreation Division of Soil and
Water Conservation, Virqinia Erosion and Sediment Control Handbook, third edition,
1992.

2. Washington State Department of Ecology, Stormwater Management Manual
for Puqent Sound Basin, 1992.

3. United States Department of Agriculture, Soil Conservation Servicer
Guidelines for the Control of Erosion and Sediment in Urbanizing Areas Within
MississiP~i, 1975.

4. United States Environmental Protection Agency, Summary Guidance for
Stormwater Management for Construction Activities-Developing Pollution
PreventionPlans and Best Management Practices, 1992.

Since the BMP were developed with various regional controls, not all specifications
and practices will be appropriate in all cases. The designer shall ensure that the
selection, design and use of each BMP used in the SWPPP is appropriate and
acceptable to the specific needs, location and acceptable to any approval agency for
each plan developed.

Metric conversion of these BMP have been converted as required by Executive
Order 12770 with the exception of BMP that use United States Department of
Agriculture, Agricultural Research Service’s (ARS) hydrological nomography and
charts. Conversion of these BMP will be conducted after the ARS has developed
metric equivalents to these graphs. General metric conversion tables are used in
these BMP for conversion to metric units once the final design has been completed.
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BMP: SAFETY FENCE

Definition

A protective barrier installed to prevent access to an erosion control measure.

Purpose

To prohibit the undesirable useofan

Conditions Where Practice APPlies

Applicable to any control measure or

erosion control measure by the public.

series of measures that can reconsidered
unsafe by virtue of potential for access by the public.

Planning Considerations

The safety of the public must always be considered at both the planning and
implementation phases of a land-disturbing activity. If there is any question
concerning the risk of a particular erosion control measure to the general public, the
measure should be relocated to a safer area, or an appropriate safety fence should
be installed to prevent undesired access. Many times, the danger posed by a
control may not be easily seen by plan designers and reviewers - that is when the
on-site contractor or inspector must correct such situations in the field. Properly
designed and installed safety fences prevent the trespassing of people into
potentially dangerous areas, such as children using a sediment basin or a
stormwater retention structure as play areas. The installation of these fences will
protect people from hazards and the owner from possible litigation.

Two different types of fence will be discussed in this specification. The designer,
developer, and contractor should always be sure that the most appropriate type of
fence is utilized

Desiun Criteria

for a particular need.

1. Safety fences should be located so as to create a formidable barrier to
undesired access, while allowing for the continuation of necessary
construction operations.
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2.

3.

4.

5.

6.

Safety fences are most applicable to the construction of berms, traps, and
dams. In use with those structures, safety fences should be located far
enough beyond the outer toe ofthe embankment to allow for the passage of
maintenance vehicles. Fences should not be installed across the slope ofa
dam or dike.

The height of the fence shall be a minimum of 1.5 meters (5 feet) for plastic
fence and 2 meters (6 feet) for metal fence. A fence must never be so short
as to become an attraction for children to climb on or over.

Signs noting potential hazards such as “DANGER-QUICKSAND” or
“HAZARDOUS AREA - KEEP OUT” should be posted and easily seen by
anyone approaching the protected area.

Plastic (polyethvlene) fence may be used as safety fencing, primarily in
situations where the need is for a temporary barrier.

Metal or “chain-link” fence should be used when a potentially dangerous
control measure will remain in place permanently, such as a stormwater
detention or retention basin. However, they may also be used for measures
which will only serve a temporary function, at the discretion of those
responsible for project safety. The metal fence must meet the following
physical requirements:

a.

b.

c.

d.

e.

f.

Fabric shall be zinc-coated steel, 50 millimeter (2-inch) mesh,
9-gauge, minimum.

Zinc coating shall have a minimum weight of 550 grams per square
meter (1.8 ounces per square foot).

Posts shall be steel pipe, zinc-coated.

Top rails shall be steel pipe, zinc-coated.

Braces shall be made of zinc-coated steel.

Gates shall be single or double swing, zinc-coated steel. They shall be
a minimum of 3.7 meters (12-feet) wide.
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Construction Specifications

1. Safety fences must be installed prior to the construction of erosion control
measures.

2. The polyethylene web of the plastic safetv fence shall be secured to a
conventional metal “T” or “U” post driven into the ground to a minimum depth
of 450 millimeters (18 inches); posts should be spaced at 2 meter (6-foot)
centers.

3. The metal safetv fence shall be installed as per the following procedure:

a. Line posts shall be placed at intervals of 3 meters (1O feet) measured
from center to center of adjacent posts. In determining the post
spacing, measurement will be made parallel with the ground surface.

b. Posts will be set in concrete and backfilled or anchored by other
acceptable means.

c. Posts set in the tops of concrete walls shall be grouted into preformed
holes to a minimum depth of 300 millimeters (12 inches).

d. All corner posts, end posts, gate posts, and pull posts shall be
embedded, braced, and trussed.

e. Fencing fabric shall not be stretched until at
posts are grouted into walls or 14 days after
concrete.

least 4 days after the
the posts are set into

f. The fabric shall be stretched taut and securely fastened, by means of
tie clips, to the posts at intervals not exceeding 400 millimeters (15
inches) and to the top rails or tension wires at intervals not exceeding
600 mm (24 in.). Care shall be taken to equalize the tension on each
side of each post.

4. Applicable warning signs noting hazardous conditions must be installed
immediately upon installation of safety fence.

Maintenance
1. Safety fence shall be checked regularly for weather-related or other damage.

Any necessary repairs must be made immediately.

2. Care should be taken to
working day. All locking

secure all access points (gates) at the end of each
devices must be repaired or replaced as necessary.
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BMP-2

BMP: TEMPORARY STONE CONSTRUCTION

Definition

ENTRANCE

A stabilized stone pad with afilter fabric underliner located at points of vehicular
ingress and egress on a construction site.

Pur~ose

To reduce the amount of mud transported onto paved public roads by motor
vehicles or runoff.

Conditions Where Practice Applies

Wherever traffic will bereaving a construction site and move directly onto a public
road or other paved area.

Plannirm Considerations

Accepted engineering standards require that provisions bemade to minimize the
transport of sediment by vehicular traffic onto a paved surface. Construction
entrances provide an area where a significant amount of mud can be removed from
construction vehicle tires before they enter a public road and, just as important, the
soil adjacent to the paved surface can be kept intact. A filter fabric liner is used as
a “separator” to minimize the dissipation of aggregate into the underlying soil due to
construction traffic loads. If the action of the vehicles traveling over the gravel pad
is not sufficient to remove the majority of the mud or there exists an especially
sensitive traffic situation on the adjacent paved road, the tires must be washed
before the vehicle enters the public road. If washing is necessary, provisions must
be made to intercept the wash water and trap the sediment so it can be collected
and stabilized. Construction entrances should be used in conjunction with the
stabilization of construction roads (see BMP-3, CONSTRUCTION ROAD
STABILIZATION) to reduce the amount of mud picked up by construction vehicles
and to do a better job of mud removal. Other innovative techniques for
accomplishing the same purpose (such as a bituminous entrance) can be utilized,
but only after specific plans and details are submitted to and approved by the
appropriate Plan-Approving Authority.
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Desicm Criteria

Aggregate Size: Coarse Aggregate size of 50 to 75 millimeters (2 to 3 inches) stone
should be used.

Entrance Dimensions: The aggregate layer must be at least 150 millimeters (6
inches) thick; a minimum of 75 millimeters (3 inches) of aggregate should be placed
in a cut section to give the entrance added stability and to help secure filter cloth
separator. It must extend the full width of the vehicular ingress and egress area and
have a minimum width of 4 meters (12-feet). The length of the entrance should not
be less than 15 meters (50 feet).

Washing: If conditions on the site are such that the majority of the mud is not
removed by the vehicles traveling over the stone, then the tires of the vehicles must
be washed before entering the public road. Wash water must be carried away from
the entrance to an approved settling area to remove sediment. All sediment shall be
prevented from entering storm drains, ditches, or watercourses. A wash rack may
also be used to make washing more convenient and effective.

Location: The entrance should be located to provide for maximum utilization by all
construction vehicles.

Construction Specifications

The area of the entrance must be excavated a minimum of 75 millimeters (3 inches)
and must be cleared of all vegetation, roots, and other objectionable material. The
filter fabric underliner will then be placed the full width and length of the entrance.

Following the installation of the filter cloth, the stone shall be placed to the specified
dimensions. If wash racks are used, they should be installed according to
manufacturer’s specifications. Any drainage facilities required because of washing
should be constructed according to specifications. Conveyance of surface water

under entrance, through culverts, shall be provided as required. If such conveyance
is impossible, the construction of a “mountable” berm with 5:1 slopes will be
permitted.

The filter cloth utilized shall be a woven or non-woven fabric consisting only of
continuous chain polymeric filaments or yarns of polyester. The fabric shall be inert
to commonly encountered chemicals and hydrocarbons and be mildew and rot
resistant.
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Maintenance

The entrance shall be maintained in a condition which will prevent tracking or flow of
mud onto public rights-of-way. This may require periodic top dressing with
additional stone or the washing and reworking of existing stone as conditions
demand and repair and/or cleanout of any structures ~sed to trap sediment. All
materials spilled, dropped, washed, or tracked from vehicles onto roadways or into
storm drains must be removed immediately. The use of water trucks to remove
materials dropped, washed, or tracked onto roadways will not be permitted under
any circumstances.
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BMP: CONSTRUCTION

Definition

BMP-3

ROAD STABILIZATION

The temporary stabilization of access ~oads, subdivision roads, parking areas, and
other onsite vehicle transportation routes with stone immediately after grading.

PurRoses

1. To reduce the erosion of temporary roadbeds by construction traffic during
wet weather.

2. To reduce the erosion and subsequent regrading of permanent roadbeds
between the time of initial grading and final stabilization.

Conditions Where Practice Applies

Wherever stone-base roads or parking areas are constructed, whether permanent or
temporary, for use by construction traffic.

Planninq Considerations

Areas which are graded for construction vehicle transport and parking purposes are
especially susceptible to erosion. The exposed soil surface is continually disturbed,
leaving no opportunity for vegetative stabilization. Such areas also tend to collect
and transport runoff waters along their surfaces. During wet weather, they often
become muddy quagmires which generate significant quantities of sediment that
may pollute nearby streams or be transported off site on the wheels of construction
vehicles. Dirt roads can become so unstable during wet weather that they are
virtually unusable.

immediate stabilization of such areas with stone may cost money at the outset, but it
may actually save money in the long run by increasing the usefulness of the road
during wet weather.

Permanent roads and parking areas should be paved as soon as possible after
grading. However, it is understandable that weather conditions or the potential
damage may not make paving feasible in the early phases of the development
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project. As an alternative, the early application of stone may solve potential erosion
and stability problems and eliminate later regrading costs. Some of the stone will
also probably remain in place for use as part of the final base course in the
construction of the road.

Construction Specifications

Temporary Access Roads and

1.

2.

3.

4.

5.

6.

7.

Parking Areas

Temporary roads shall follow the contour of the natural terrain to the extent
possible. Slopes should not exceed 10 percent.

Temporary parking areas should be located on naturally flat areas to minimize
grading. Grades should be sufficient to provide drainage but should not
exceed 4 percent.

Roadbeds shall be at least 4.25 meters (14 feet) wide for one-way traffic and
6.25 meters (20 feet) wide for two-way traffic.

All cuts and fills shall be 2:1 or flatter to the extent possible.

Drainage ditches shall be provided as needed and shall be designed and
constructed in accordance with STORMWATER CONVEYANCE CHANNEL,
BMP-17.

The roadbed or parking surface shall be cleared of all vegetation, roots and
other objectionable material.

A 150 millimeter (6-inch) course of coarse aggregate, 50 to 75 millimeter (2 to
3 inch) stone, shall be applied immediately after grading or the completion of
utility installation within the right-of-way. Filter fabric may be applied to the
roadbed for additional stability. Design specifications for filter fabric can be
found within BMP-2, TEMPORARY STONE CONSTRUCTION ENTRANCE.
In “heavy duty” traffic situations, stone should be placed at a minimum depth
of 200 millimeters (8 inches) to avoid excessive dissipation or maintenance
needs.

Permanent Roads and Parking Areas

Permanent roads and parking areas shall be designed and constructed in
accordance with applicable local criteria except that an initial base course of gravel
of at least 150 millimeters (6 inches) shall be applied immediately following grading.
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Vegetation

All roadside ditches, cuts, fills and disturbed areas adjacent to parking areas and
roads shall be stabilized with appropriate temporary or permanent vegetation
according to the applicable standards and specifications contained in this handbook.

Maintenance

Both temporary and permanent roads and parking areas may require periodic top
dressing with new gravel. Seeded areas adjacent to the roads and parking areas
should be checked periodically to ensure that a vigorous stand of vegetation is
maintained. Roadside ditches and other drainage structures should be checked
regularly to ensure that they do not become clogged with silt or other debris.
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BMP-4

BMP: STRAW BALE BARRIER

Definition

A temporary sediment barrier consisting of a row of entrenched and anchored straw
bales.

Pur~oses

1. To intercept and detain small amounts of sediment from disturbed areas of
limited extent in order to prevent sediment from leaving the construction site.

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

Conditions Where Practice Applies

1.

2.

3.

4.

5.

6.

Below disturbed areas subject to sheet and rill erosion.

Where the size of the drainage area is no greater than 0.3 hectares per 100
meters of barrier length (0.25 acres per 100 feet); the maximum slope length
behind the barrier is 30 meters (100 feet); and the maximum slope gradient
behind the barrier is 50 percent (2:1).

In minor swales or ditch lines where the maximum contributing drainage area
is no greater than 0.8 hectares (2 acres).

Where effectiveness is required for less than 3 months.

Under no circumstances should straw bale barriers be constructed in live
streams or in swales where there is the possibility of a washout.

Straw bale barriers shall not be used on areas where rock or another hard
surface prevents the full and uniform anchoring of the barrier.
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Planning Considerations

Based on observations made in Virginia, Pennsylvania, Maryland and other parts of
the nation, straw bale barriers have not been as effective as many users had hoped
they would be - especially when used to slow down and filter concentrated flows.
They should be used judiciously and with caution as erosion control measures.
There are three major reasons for such ineffectiveness.

First, improper utilization of straw bale barriers has been a major problem. Straw
bale barriers have been used in streams and drainageways where high water depth
and velocities have destroyed or damaged the control. Secondly, improper
placement and installation of the barriers, such as staking the bales directly to the
ground with no soil seal or entrenchment, has allowed undercutting and end flow.
This has resulted in additions of, rather than removal of, sediment from runoff
waters. Finally, inadequate maintenance lowers the effectiveness of these barriers.
Trapping efficiencies of carefully installed straw bale barriers on one project in
Virginia dropped from 57% to 16% in one month due to lack of maintenance.

Desi~n Criteria

A formal design is not required. However, an effort should be made to locate the
straw bale barrier, as well as other perimeter controls, at least 1.5 to 2 meters (5 to
7 feet) from the base of disturbed slopes with grades greater than 7?40. This will
help prevent the measure from being rendered useless following the initial
movement of soil.

Construction Specifications

Sheet Flow Application

1. Bales shall be placed in a single row, lengthwise ~ the contour, with ends of
adjacent bales tightly abutting one another.

2. All bales shall be either wire-bound or string-tied. Straw bales shall be
installed so that bindings are oriented around the sides rather than along the
tops and bottoms of the bales in order to prevent deterioration of the bindings.

3. The barrier shall be entrenched and backfilled. A trench shall be excavated
the width of a bale and the length of the proposed barrier to a minimum depth
of 100 millimeters (4 inches). After the bales are staked and chinked (gaps
filled by wedging), the excavated soil shall be backfilled against the barrier.
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Backfill soil shall conform to the ground level on the downhill side and shall
be built up to 100 millimeters (4 inches) against the uphill side of the barrier.

4. Each bale shall be securely anchored by at least two stakes each having
minimum dimensions of 50 millimeters x 50 millimeters x 900 millimeters (2
inches x 2 inches x 36 inches) or standard “T” or “U” steel posts (minimum
weight of 2 kilograms per meter (1.33 pounds per linear foot) driven through
the bale. The first stake or steel post in each bale shall be driven toward the
previously laid bale to force the bales together. Stakes or steel pickets shall
be driven a minimum 450 millimeters (18 inches) deep into the ground to
securely anchor the bales.

5. The gaps between bales shall be chinked (filled by wedging) with straw to
prevent water from escaping between the bales. Loose straw scattered over
the area immediately uphill from a straw bale barrier tends to increase barrier
efficiency.

6. Inspection shall be frequent and repair or replacement shall be made
promptly as needed.

7. Straw bale barriers shall be removed when they have served their usefulness,
but not before the upslope areas have been permanently stabilized.

Maintenance

1.

2.

3.

4.

5.

Straw bale barriers shall be inspected immediately after each rainfall and at
least daily during prolonged rainfall.

Close attention shall be paid to the repair of damaged bales, end runs and
undercutting beneath bales.

Necessary repairs to barriers or replacement of bales shall be accomplished
promptly.

Sediment deposits should be removed after each rainfall. They must be
removed when the level of deposition reaches approximately one-half the
height of the barrier.

Any sediment deposits remaining in place after the straw bale barrier is no
longer required shall be dressed to conform to the existing grade, prepared
and seeded.
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BMP-5

BMP: SILT FENCE

Definition

A temporary sediment barrier consisting of a synthetic filter fabric stretched across
and attached to supporting posts and entrenched.

Purposes

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

2. To decrease the velocity ofsheet flows and low-to-moderate
flows.

Conditions Where Practice Applies

level channel

1.

2.

3.

4.

5.

Below disturbed areas where erosion would occur in the form of sheet and rill
erosion.

Where the size of the drainage area is no more than 0.3 hectares per 100
meters of silt fence length (0.25 acres per 100 feet); the maximum slope
length behind the barrier is 30 meters (100 feet); and the maximum gradient
behind the barrier is 50 percent (2:1).

In minor swales or ditch lines where the maximum contributing drainage area
is no greater than 0.8 hectares (2 acres).

Under no circumstances should silt fences be constructed in live streams or
in swales or ditch lines where flows are likely to exceed 0.03 cubic meters per
second (1 cfs).

Silt fence will not be used in areas where rock or some other hard surface
prevents the full and uniform depth anchoring of the barrier.
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Planninq Considerations

Research has shown that silt fences can trap a much higher percentage of
suspended sediments than straw bales, though silt fences pass the sediment-laden
water slower. Silt fences are preferable to straw barriers in many cases because of
their durability and potential cost savings. While the failure rate of silt fences is
lower than that of straw barriers, many instances have been observed where silt
fences are improperly installed, inviting failure and sediment loss. The installation
methods outlined here can improve performance and reduce failures.

As noted, flow rate through silt fence is significantly lower than the flow rate for
straw bale barriers. This creates more pending and hence more time for sediment
to fall out.

Both woven and non-woven synthetic fabrics are commercially available. The
woven fabrics generally display higher strength than the non-woven fabrics and, in
most cases, do not require any additional reinforcement. When tested under acid
and alkaline water conditions, most of the woven fabrics increase in strength, while
the reactions of non-woven fabrics to these conditions are variable. The same is
true of testing under extensive ultraviolet radiation. Permeability rates vary
regardless of fabric type. While all of the fabrics demonstrate very high filtering
efficiencies for sandy sediments, there is considerable variation among both woven
and non-woven fabrics when filtering the finer silt and clay particles.

Desiqn Criteria

1.

2.

3.

No formal design is required. As with straw bale barriers, an effort should be
made to locate silt fence at least 1.5 to 2 meters (5 to 7 feet) beyond the
base of disturbed slopes with grades greater than 7!40.

The use of silt fences, because they have such a low permeability, is limited
to situations in which only sheet or overland flows are expected and where
concentrated flows originate from drainage areas of 0.4 hectares (1 acres) or
less.

Field experience has demonstrated that, in many instances, silt fence is
installed too short, less than 0.4 meters (16 inches) above ground elevation.
The short fence is subject to breaching during even small storm events and
will require maintenance “clean outs” more ollen. Properly suD~orted silt
fence which stands 0.6 to 0.8 meters (24 to 34 inches) above the existing
grade tends to promote more effective sediment control.
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Construction Specifications

Materials

1.

2.

3.

4.

5.

Synthetic filter fabric shall be a pervious sheet of propylene, nylon, polyester
or ethylene yarn and shall be certified by the manufacturer or supplier.

Synthetic filter fabric shall contain ultraviolet ray inhibitors and stabilizers to
provide a minimum of six months of expected usable construction life at a
temperature range of -18° C to 50° C (0° F to 120° F).

If wooden stakes are utilized for silt fence construction, they must have a
diameter of 50 millimeters (2 inches) when oak is used and 100 millimeters (4
inches) when pine is used. Wooden stakes must have a minimum length of
1.5 meters (5 feet).

If steel Posts (standard “U” or “T” section) are utilized for silt fence
construction, they must have a minimum weight of 2 kilograms per meter
(1 .33 pounds per linear foot) and shall have a minimum length of 1.5 meters
(5 feet).

Wire fence reinforcement for silt fences using standard-strength filter cloth
shall be a minimum of 14 gauge and shall h=ve a maximum ‘mesh spacing of
150 millimeters (6 inches).

Installation

1. The height of a silt fence shall be a minimum of 400 millimeters (16 inches)
above the original ground surface and shall not exceed 865 millimeters (34
inches) above ground elevation.

2. The filter fabric shall be purchased in a continuous roll cut to the length of the
barrier to avoid the use of joints. When joints are unavoidable, filter cloth
shall be spliced together only at a support post, with a minimum 150
millimeter (6-inch) overlap, and securely sealed.

3. A trench shall be excavated approximately 100 millimeters (4-inches) wide
and 100 millimeters (4-inches) deep on the upslope side of the proposed
location of the measure.

4. When wire suPPort is used. standard-strength filter cloth may be used. Posts
for this type of installation shall be placed a maximum of 3 meters (1O-feet

apart). The wire mesh fence must be fastened securely to the upslope side
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of the posts using heavy duty wire staples at least 25 millimeters long (1
inch), tie wires or hog rings. The wire shall extend into the trench a minimum
of 50 millimeters (2 inches) and shall not extend more than 865 millimeters
(34 inches) above the original ground surface. The standard-strength fabric
shall be stapled or wired to the wire fence, and 200 millimeters (8 inches) of
the fabric shall be extended into the trench. The fabric shall not be stapled to
existing trees.

5. When wire suPDort is not used, extra-strength filter cloth shall be used. Posts
for this type of fabric shall be placed a maximum of 2 meters (6-feet) apart.
The filter fabric shall be fastened securely to the upslope side of the posts
using one 25 millimeter (1 inch) long (minimum) heavy-duty wire staples or tie
wires and 200 millimeters (8 inches) of the fabric shall be extended into the
trench. The fabric shall not be stapled to existing trees. This method of
installation has been found to be more commonplace than #4.

6. If a silt fence is to be constructed across a ditch line or swale, the measure
must be of suficient length to eliminate endfiow, and the plan configuration
shall resemble an arc or horseshoe with the ends oriented upslope. Extra-
strendh filter fabric shall be used for this application with a maximum 1 meter
(3-foot) spacinq of Posts.

All other installation requirements noted in #5 apply.

7. The 100 millimeter by 100 millimeter (4-inch by 4-inch) trench shall be
backfilled and the soil compacted over the filter fabric.

8. Silt fences shall be removed when they have served their useful purpose, but
not before the upslope area has been permanently stabilized.

Maintenance

1. Silt fences shall be inspected immediately after each rainfall and at least daily
during prolonged rainfall. Any required repairs shall be made immediately.

2. Close attention shall be paid to the repair of damaged silt fence resulting from
end runs and undercutting.

3. Should the fabric on a silt fence decompose or become ineffective prior to the
end of the expected usable life and the barrier still be necessary, the fabric
shall be replaced promptly.
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4. Sediment deposits should be removed after each storm event. They must be
removed when deposits reach approximately one-half the height of the
barrier.

5. Any sediment deposits remaining in place after the silt fence is no longer
required shall be dressed to conform with the existing grade, prepared and
seeded.
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BMP-6

BMP: BRUSH BARRIER

Definition

A temporary sediment barrier constructed at the perimeter of a disturbed area from
the residue materials available from clearing and grubbing the site.

Purpose

To intercept and retain sediment from disturbed areas of limited extent, preventing
sediment from leaving the site.

Conditions Where Practice Applies

1. Below disturbed areas subject to sheet and rill erosion, where enough residue
material is available for construction of such a barrier.

2. Where the size of the drainage area is no more than 0.3 hectares per 100
meters of barrier length (0.25 acres per 100 feet); the maximum slope length
behind the barrier is 30 meters (100 feet); and the maximum gradient behind
the barrier is 50 percent (2:1).

Planninq Considerations

Organic litter and spoil material from site clearing operations is usually burned or
hauled away to be dumped elsewhere. Much of this material can be used
effectively on the construction site itself. During clearing and grubbing operations,
equipment can push or dump the mixture of limbs, small vegetation and root mat
along with minor amounts of rock into windrows along the toe of a slope where
erosion and accelerated runoff are expected. Because brush barriers are fairly
stable and composed of natural materials, maintenance requirements are small.
Field experience has shown; however, that many brush barrier installations are not
effective when there are large voids created by the use of material which is too large
(such as tree stumps) to provide a compact, dense barrier. Therefore, it is
necessary to use residual material under 150 millimeters (6 inches) in diameter
which will create a more uniform barrier g utilize a filter fabric overlay to promote
enhanced filtration of sediment laden runoff.
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Desicm Criteria

A formal design is not required.

Construction Specifications

Without Filter Cloth

1. The height of a brush barrier shall be a minimum of 1 meter (3 feet).

2. The width of a brush barrier shall be a minimum of 1,5 meters (5 feet) at its
base (the sizes of brush barriers may vary considerably based upon the
amount of material available and the judgement of the design engineer).

3. The barrier shall be constructed by piling brush, stone, root mat and other
material from the clearing process into a mounded row on the contour.
Material Iarqer than 150 millimeters (6 inches) in diameter should not be used
to create the mound as the non-homogeneity
where sediment-laden flows can easily pass.

If a Filter is Used

1.

2.

3.

4.

5.

6.

Filter fabric must meet the minimum physical

of the mixture can lead to voids

requirements.

The filter fabric shall be cut into lengths sufficient to lay across the barrier
from its up-slope base to just beyond its peak. Where joints are necessary,
the fabric shall be spliced together with a 150 millimeter (6-inch) minimum
overlap and securely sealed.

A trench shall be excavated 150 millimeters (6-inches) wide and 100
millimeters (4-inches) deep along the length of the barrier and immediately
uphill from the barrier.

The lengths of filter fabric shall be draped across the width of the barrier with
the uphill edge placed in the trench and the edges of adjacent pieces
overlapping each other.

The filter fabric shall be secured in the trench with stakes set approximately 1
meter (3 foot) on center.

The trench shall be backfilled and the soil compacted over the filter fabric.
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7. Set stakes into the ground along the downhill edge of the brush barrier, and
anchor the fabric by tying twine from the fabric to the stakes.

Maintenance

1. Brush barriers shall be inspected after each rainfall and necessary repairs
shall be made promptly.

2. Sediment deposits must be removed when they reach approximately one-half
the height of the barrier.
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BMP-7

BMP: STORM DRAIN INLET PROTECTION

Definition

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

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

Conditions Where Practice APplies

Where storm drain inlets are to be made operational before permanent stabilization
of the corresponding disturbed drainage area. Different types of structures are
applicable to different conditions.

Planning Considerations

Storm sewers which are made operational prior to stabilization of the associated
drainage areas can convey large amounts of sediment to natural drainageways. In
case of extreme sediment loading, the storm sewer itself may clog and lose a major
portion of its capacity. To avoid these problems, it is necessary to prevent sediment
from entering the system at the inlets.

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

Care should be taken when choosing a specific type of inlet protection. Field
experience has shown that inlet protection which causes excessive pending in an
area of high construction activity may become so inconvenient that it is removed or
bypassed, thus transmitting sediment-laden flows unchecked. In such situations, a
structure with an adequate overflow mechanism should be utilized.
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The following inlet protection devices are for drainage areas of4,000 square meters
II acre) or less. Runoff from larger disturbed areas should berouted toa
TEMPORARY SEDIMENT TRAP (BMP-I 3) or a TEMPORARY SEDIMENT BASIN
(BMP-14).

The best way to prevent sediment from
stabilize the site as quickly as possible,
its source.

entering the storm
preventing erosion

sewer system is to
and stopping sediment at

Stone is utilized as the chief pending/filtering agent in most of the inlet protection
types described in this specification. The various types of “coarse aggregates”
which are depicted are able to filter out sediment mainly through slowing down flows
directed to the inlet by creating an increased flow path for the stormwater (through
void space in the respective stone). The stone filtering medium by no means slows
stormwater flow rate as does filter cloth and therefore cannot provide the same
degree of filter efficiency when smaller silt and clay particles are introduced into
stormwater flows. However, as mentioned earlier, excessive pending in busy areas
adjacent to stormwater inlets is in many cases unacceptable - that is why stone
must be utilized with many installations.

Fortunately, in most instances, inlet protection utilizing stone should not be the sole
control measure. At the time that storm sewer inlet and associated appurtenances
become operational, areas adjacent to the structures are most likely at final grade or
will not be altered for extended periods; this is the time when TEMPORARY
SEEDING (BMP-31) and other appropriate controls should be implemented to
enhance sediment-loss mitigation. In addition, by varvinq stone sizes used in the
construction of inlet protection, a greater degree of sediment removal can be
obtained. As an option, filter cloth can be used with the stone in these devices to
further enhance sediment removal. Notably, the potential inconvenience of
excessive pending must be examined with these choices, especially the latter.

Desiqn Criteria

1. The drainage area shall be no greater than 4,000

2. The inlet protection device shall be constructed in

square meters

a manner that

(1 acre).

will facilitate
cleanout and disposal of trapped sediment and minimize interference with
construction activities.

3. The inlet protection devices shall be constructed in such a manner that any
resultant pending of stormwater will not cause excessive inconvenience or
damage to adjacent areas or structures,
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4. For the inlet protection devices which utilize stone as the chief
pending/filtering medium, a range of stone sizes can be used. The
designer/plan reviewer should attempt to get the greatest amount of filtering
action possible (by using smaller-sized stone), while not creating significant
pending problems.

6. In all designs which utilize stone with a wire-mesh. support as a filtering
mechanism, the stone can be completely wrarmed with the wire mesh to
improve stability and provide easier cleaning.

7. Filter Fabric may be added to any of the devices which utilize “coarse
aggregate” stone to significantly enhance sediment removal. The fabric,
which must meet the physical requirements noted for “extra strength”, should
be secured between the stone and the inlet (on wire-mesh if it is present). As
a result of the significant increase in filter efficiency provided by the fabric, a

!E!KH ran9e of stone sizes maY be utilized with such a confi9uf-ation” The
larger stone will help keep larger sediment masses from clogging the cloth.
Notably, significant pending may occur at the inlet if filter cloth is utilized in
this manner.

Construction

1. Silt Fence Drop Inlet Protection

a. Silt Fence shall conform to the construction specifications for “extra
strength” and shall be cut from a continuous roll to avoid joints.

b. For stakes, use 50 x 100 millimeter (2 x 4-inch) wood (preferred) or
equivalent metal with a minimum length of 1 meter (3 feet).

c. Space stakes evenly around the perimeter of the inlet a maximum of 1
meter (3-feet) apart, and securely drive them into the ground,
approximately 450 millimeters (18-inches) deep.

d. To provide needed stability to the installation, frame with 50 x 100
millimeter (2 x 4-inch) wood strips around the crest of the overflow area
at a maximum of 450 millimeters (18 inches) above the drop inlet crest.

e. Place the bottom 300 millimeters (12 inches) of the fabric in a trench
and backfill the trench with 300 millimeters of compacted soil.
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9. It may be necessary to build a temporary dike on the downslope side
of the structure to prevent bypass flow.

2. Gravel and Wire Mesh Drop Inlet Sediment Filter

a. Wire mesh shall be laid over the drop inlet so that the wire extends a
minimum of 300 millimeters (12 inches) beyond each side of the inlet
structure. Wire mesh with 13 millimeter (0.5 inch) openings shall be
used. If more than one strip of mesh is necessary, the strips shall be
overlapped.

b. Coarse aggregate shall be placed over the wire mesh. The depth of
stone shall be at least 300 millimeters (12 inches) over the entire inlet
opening. The stone shall extend beyond the inlet opening at least 450
millimeters (18 inches) on all sides.

c. If the stone filter becomes clogged with sediment so that it no longer
adequately performs its function, the stones must be pulled away from
the inlet, cleaned and/or replaced.

Note: This filtering device has no overflow mechanism; therefore, pending is
likely especially if sediment is not removed regularly. This type of
device must never be used where overflow may endanger an exposed
fill slope. Consideration should also be given to the possible effects of
pending on traffic movement, nearby structures, working areas,
adjacent property, etc.

3. Block and Gravel Drop Inlet Sediment Filter

a. Place concrete blocks lengthwise on their sides in a single row around
the perimeter of the inlet, with the ends of adjacent blocks abutting.
The height of the barrier can be varied, depending on design needs, by
stacking combinations of 100, 200, and 300 millimeter (4, 8, and 12
inch) wide blocks. The barrier of blocks shall be at least 300
millimeters (12-inches) high and no greater than 600 millimeters (24-
inches) high.

b. Wire mesh shall be placed over the outside vertical face (webbing) of
the concrete blocks to prevent stone from being washed through the
holes in the blocks. Wire mesh with 13 millimeter (0.5-inch) openings
shall be used.
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c. Stone shall be piled against thewireto the top of the block barrier.

d. Ifthestone filter becomes clogged with sediment so that it no longer
adequately performs its function, the stone must be pulled away from
the blocks, cleaned and replaced.

4. Excavated Drop Inlet Sediment Trap

a. The excavated trap shall be sized to provide a minimum storage
capacity calculated at the rate of 255 cubic meters per hectare (134
cubic yards per acre) of drainage area. A trap shall be no less than 300
millimeters (1-foot) nor more than 600 millimeters (2-feet) deep
measured from the top of the inlet structure. Side slopes shall not be
steeper than 2:1.

b. The slope of the basin may vary to fit the drainage area and terrain.
Observations must be made to check trap efficiency and modifications
shall be made as necessary to ensure satisfactory trapping of sediment.
Where an inlet is located so as to receive concentrated flows, such as in
a highway median, it is recommended that the basin have a rectangular
shape in a 2:1 (length/width) ratio, with the length oriented in the
direction of the flow.

c. Sediment shall be removed and the trap restored to its original
dimensions when the sediment has accumulated to one-half the design
depth of the trap. Removed sediment shall be deposited in a suitable
area and in a manner such that it will not erode.

5. Sod Drop Inlet Sediment Filter

a. Soil shall be prepared and sod installed according to the specifications
in BMP-33, SODDING.

b. Sod shall be placed to form a turf mat covering the soil
1.2 meters (4 feet) from each side of the inlet structure.

6. Gravel Curb Inlet Sediment Filter

for a distance of

a. Wire mesh with 13 millimeter (0.5 inch) openings shall be placed over
the curb inlet opening so that at least 300 millimeters (12 inches) of wire
extends across the inlet cover and at least 300 millimeters of wire
extends across the concrete gutter
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b. Stone shall be piled against the wire so as to anchor it against the gutter
and inlet cover and to cover the inlet opening completely.

c. If the stone filter becomes clogged with sediment so that it no longer
adequately performs its function, the stone must be pulled away from the
block, cleaned and replaced.

7. Curb Inlet Protection with 50 x 100 millimeter (2 x 4-inch) Wooden Weir

a. Attach a continuous piece of wire mesh 750 millimeters (30 inches)
minimum width x inlet throat length, plus 1.2 meters (4 feet) to the 50 x
100 millimeter (2 inch by 4 inch) wooden weir with a total length of throat
length plus 0.6 meters (2 feet). Wood should be of “construction grade”
lumber.

b. Place a piece of approved “extra-strength” filter cloth of the same
dimensions as the wire mesl~ over the wire mesh and securely attach to
the 50 x 100 millimeter weir.

c. Securely nail the 50 x 100 millimeter weir to the 225 millimeter (9-inch)
long vertical spacers which are to be located between the weir and inlet
face at a maximum 2 meter (6-foot) spacing.

d. Place the assembly against the inlet throat and nail 0.5 meters (2-foot)
(minimum) lengths of 50 x 100 millimeter (2-inch x 4-inch) board to the
top of the weir at spacer locations. These 50 x 100 millimeter anchors
shall extend across the inlet tops and be held in place by sandbags or
alternate weight.

e. The assembly shall be placed so that the end spacers are a minimum
300 millimeters (1 foot) beyond both ends of the throat opening.

f. Form the wire mesh and filter cloth to the concrete gutter and against
the face of curb on both sides of the inlet. Place coarse aggregate over
the wire mesh and filter fabric in such a manner as to prevent water
from entering the inlet under or around the filter cloth.

9. l%is type of protection must be inspected frequently and the filter cloth
and stone replaced when clogged with sediment.

h. Assure that storm flow does not bypass inlet by installing temporary
earth or asphalt dikes directing flow into inlet.
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8. Block

a.

b.

c.

d.

e.

f.

and Gravel Curb Inlet Sediment Filter

Two concrete blocks shall be placed on their sides abutting the curbat
either side of the inlet opening.

A 50 x 100 millimeter (2-inch x 4-inch) stud shall be cut and placed
through the outer holes of each spacer block to help keep the front
blocks in place.

Concrete blocks shall be placed on their sides across the front of the
inlet and abutting the spacer blocks.

Wire mesh shall be placed over the outside vertical face (webbing) of
the concrete blocks to prevent stone from being washed through the
holes in the blocks. Wire mesh with 13 millimeter (0.5 inch) openings
shall be used.

Coarse aggregate shall be piled against the wire to the top of the barrier.

If the stone filter becomes clogged with sediment so that it no longer
adequately performs its function, the stone must be pulled away from the
blocks, cleaned and/or replaced.

Maintenance

1. The structure shall be inspected after each rain and repairs made as needed.

2. Sediment shall be removed and the trap restored to its original dimensions
when the sediment has accumulated to one half the design depth of the trap.
Removed sediment shall be deposited in a suitable area and in such a manner
that it will not erode.

3. Structures shall be removed and the area stabilized when the remaining
drainage area has been properly stabilized.
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BMP-8

BMP: CULVERT INLET PROTECTION

Definition

A sediment filter located at the inlet to storm sewer culverts.

Pur~oses

1. To prevent sediment from entering, accumulating in and being transferred by a
culvert and associated drainage system prior to permanent stabilization of a
disturbed project area.

2. To provide erosion control at culvert inlets during the phase of a project where
elevation and drainage patterns change, causing
be ineffective or in need of removal.

Conditions Where Practice Applies

Where culvert and associated drainage system is to be
permanent stabilization of the disturbed drainage area.
are applicable to different conditions.

Plannina Considerations

When construction on a project reaches a stage where

original control measures to

made operational
Different types of

prior to
structures

culverts and other storm
sewer appurtenances are installed and many areas are brought to a desired grade,
the erosion control measures used in the early stages normally need to be modified
or may need to be removed altogether. At that time, there is a need to provide
protection at the points where runoff will leave the area via culverts and drop or curb
inlets.

Similar to drop and curb inlets, culverts which are made operational prior to
stabilization of the associated drainage areas can convey large amounts of sediment
to natural drainageways. In case of extreme sediment loading, the pipe or pipe
system itself may clog and lose a major portion of its capacity. To avoid these
problems, it is necessary to prevent sediment from entering the culvert by using one
of the methods noted in this section.
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GeneraI Guidelines (All TvPes)

1. The inlet protection device shall be constructed in a manner that will facilitate
cleanout and disposal of trapped sediment and minimize interference with
construction activities.

2. The inlet protection devices shall be constructed in such a manner that
resultant pending of stormwater will not cause excessive inconvenience
damage to adjacent areas or structures.

any
or

Desian Criteria

1. Silt Fence Culvert Inlet Protection

a. No formal design is required.

b. Silt fence culvert inlet protection
of three months.

has an expected maximum usable life

c. The maximum area draining to this practice shall not exceed 4,000
square meters (1 acre).

2. Culvert Inlet Sediment Trap

a. Runoff storage requirements shall be in accordance with information
outlined under BMP-I 3, TEMPORARY SEDIMENT TRAP.

b. Culvert inlet sediment traps have a maximum expected useful life of 18
months.

c. The maximum
square meters

Construction St3ecifications

area draining to this practice shall not exceed 1,200
(3 acres).

1. Silt Fence Culvert Inlet Protection

a. The height of the silt fence (in front of the culvert opening) shall be a
minimum of 400 millimeters (16 inches) and shall not exceed 1 meter
feet).

(3
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b. Extra strength filter fabric with a maximum spacing of stakes of 1 meter
shall be used to construct the measure.

c, The placement of silt fence should be approximately 2 meters (6 feet)
from the culvert in the direction of incoming flow, creating a “horseshoe”
shape.

do If silt fence cannot be installed pro~erlv or the flow and/or velocity of flow
to the culvert protection is excessive and may breach the structure,
stone protection should be incorporated with fence installation.

2. Culvert Inlet Sediment Trap

a. Geometry of the design will be a “horseshoe” shape around the culvert
inlet.

b. The toe of riprap (composing the sediment filter dam) shall be no closer
than 600 millimeters (24 inches) from the culvert opening in order to
provide an acceptable emergency outlet for flows from larger storm
events.

c. All other “Construction Specifications” found within BMP-13,
TEMPORARY SEDIMENT TRAP, also apply to this practice.

e. The proper installation of the culvert inlet sediment trap is a viable
substitute for the installation of the TEMPORARY SEDIMENT TRAP.

Maintenance

1. The structure shall be inspected after each rain and repairs made as needed.

2. Aggregate shall be replaced or cleaned when inspection reveals that clogged
voids are causing pending problems which interfere with on-site construction.

3. Sediment shall be removed and the impoundment restored to its original
dimensions when sediment has accumulated to one-half the design depth.
Removed sediment shall be deposited in a suitable area and in such a manner
that it will not erode and cause sedimentation problems.

4, Temporary structures shall be removed when they have served their useful
purpose, but not before the upslope area has been permanently stabilized.
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BMP-9

BMP: TEMPORARY DIVERSION DIKE

Definition

A temporary ridge of compacted soil constructed atthetop or base of a sloping
disturbed area.

Purposes

1. To divert
disturbed

2. To divert

storm runoff from upslope drainage areas away from unprotected
areas and slopes to a stabilized outlet.

sediment-laden runoff from a disturbed area to a sediment-trapping
facility such as a sediment trap or sediment basin.

Conditions Where Practice Applies

Wherever stormwater runoff must be temporarily diverted to protect disturbed areas
and slopes or retain sediment -on site during construction. These structures
generally have a life expectancy of 18 months or less, which can be prolonged with
proper maintenance.

Plannina Considerations

A temporary diversion dike is intended to divert overland sheet flow to a stabilized
outlet or a sediment-trapping facility during establishment of permanent stabilization
on sloping disturbed areas. When used at the top of a slope, the structure protects
exposed slopes by keeping upland runoff away. When used at the base of a slope,
the structure protects adjacent and downstream areas by diverting sediment-laden
runoff to a sediment trapping facility.

It is very important that a temporary diversion dike be stabilized immediately following
installation with temporary or permanent vegetation to prevent erosion of the dike
itself. The gradient of the channel behind the dike is also an important consideration.
The dike must have a positive grade to assure drainage, but if the gradient is too
great, precautions must be taken to prevent erosion due to high-velocity channel flow
behind the dike. The cross-section of the channel which runs behind the dike should
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be of a parabolic or trapezoidal shape to help inhibit a high velocity of flow which
could arise in a vee ditch.

This practice is considered an economical one because it uses material available on
the site and can usually be constructed with equipment needed for site grading. The
useful life of the practice can be extended by stabilizing the dike with vegetation.
Diversion dikes are preferable to silt fence because they are more durable, less
expensive, and require much less maintenance when constructed properly. Along
with a TEMPORARY SEDIMENT TRAP (BMP-13), they become a logical choice for a
control measure once the control limits of the silt fence or-straw bale barrier have
been exceeded.

Temporary diversion dikes are often used as a perimeter control in association with a
sediment trap or a sediment basin, or a series of sediment-trapping facilities, on
moderate to large construction sites. If installed properly and in the first phase of
grading, maintenance costs are very low. Often, cleaning of sediment-trapping
facilities is the only associated maintenance requirement.

As specified herein, this practice is intended to be temporary. However, with more
stringent design criteria, it can be made permanent in accordance with DIVERSIONS
(BMP-12).

Desian Criteria

No formal design is required. The following criteria shall be met:

Drainage Area-

The maximum allowable drainage area is 2 hectares (5 acres).

Height-

The minimum allowable height measured from the upslope side of the dike is 450
millimeters (18 inches).

Side Slopes-

1.5:1 or flatter, along with a minimum base width of 1.5 meters (4.5 feet).

Grade-

The channel behind the dike shall have a positive grade to a stabilized outlet. If the
channel slope is less than or equal to 2Y0, no stabilization is required. If the slope is
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greater than 2%, the channel shall be stabilized in accordance with BMP-17,
STORMWATER CONVEYANCE CHANNEL.

Outlet-

1. The diverted runoff, if free of sediment, must be released through a stabilized
outlet or channel.

2. Sediment-laden runoff must be diverted and released through a sediment-
trapping facility such as a TEMPORARY SEDIMENT TRAP (BMP-I 3) or
TEMPORARY SEDIMENT BASIN (BMP-14).

Construction Specifications

1. Temporary diversion dikes must be installed as a first step in the land-
disturbing activity and must be functional prior to upslope land disturbance.

2. The dike should be adequately compacted to prevent failure.

3. Temporary or permanent seeding and mulch shall be applied to the dike
immediately following its construction.

4. The dike should be located to minimize damages by construction operations
and tratic.

Maintenance

The measure shall be inspected after every storm and repairs made to the dike, flow
channel, outlet or sediment trapping facility, as necessary. Once every two weeks,
whether a storm event has occurred or not, the measure shall be inspected and
repairs made if needed. Damages caused by construction trafFic or other activity
must be repaired before the end of each working day.
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BMP-10

BMP: TEMPORARY FILL DIVERSION

Definition

A channel with a supporting ridge of soil on the lower side, constructed along the top
of an active earth fill.

Purpose

To divert storm runoff away from the unprotected slope of the fill to a stabilized outlet
or sediment-trapping facility.

Conditions Where Practice Applies

Where the drainage area at the top of an active earth fill slopes toward the exposed
slope and where continuous fill operations make the use of a DIVERSION (BMP-12)
unfeasible. This temporary

Planning Considerations

structure should remain in place for less than one week:

One important principle of erosion and sediment control is to keep stormwater runoff
away from exposed slopes. This is often accomplished by installing a dike, diversion,
temporary slope drain or paved ditch at the top of a slope to carry the runoff away
from the slope to a stabilized outlet. In general, these measures are installed after
the final grade has been reached. On cuts, the measures may be installed at the
beginning since the work proceeds from the top to the bottom of the slope, and the
measures have little chance of being covered or damaged. On fill, the work proceeds
from the bottom to the top and the elevation changes daily. It is; therefore, not
feasible to construct a compacted dike or permanent diversion which may be covered
by the next day’s activity.

The temporary fill diversion is intended to provide some slope protection on a daily
basis until final elevations are reached and a more permanent measure can be
constructed. This practice can be constructed by the use of a motor grader or a
small dozer. To shape the diversion, the piece of machinery used may run near the
top edge of the fill with its blade tilted to form a channel. This work would be done at
the end of the working day and provide a channel with a berm to protect the slope.
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Wherever possible, the temporary diversion should be sloped to direct water to a
stabilized outlet. If the runoff is diverted over the fill itself, the practice may cause
erosion by concentrating water at a single point.

Good timing is essential to fill construction. The filling operation should be completed
as quickly as possible and the permanent slope protection measures and slope
stabilization measures installed as soon after completion as possible. With prompt
and proper construction, the landowner or contractor will save both time and money
in building, repairing and stabilizing the fill area. The longer the time period for
construction and stabilization “tends, the more prone the fill operation is to be
damaged by erosion. Repairing the damages adds additional time and expense to
the project.

Desicm Criteria

No formal design is required. The foIlowing criteria shall be met:

Drainage Area-

The maximum allowable drainage area is 2 hectares (5 acres).

Height-

The minimum height of the supporting ridge shall be 225 millimeters (9 inches).

Grade-

The channel shall have a positive grade to a stabilized outlet.

Outlet-

The diverted runoff should be released through a stabilized outlet, slope drain or
sediment trapping measure.

Construction Specifications

1. The diversion shall be constructed at the top of the fill at the end of each work
day as needed.

2. The diversion shall be located at least 600 millimeters (2 feet) inside the top
edge of the fill.
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3. The supporting ridge shall be constructed at a uniform height along its entire
length. Without uniform height, the fill diversion may be susceptible to
breaching.

Maintenance

Since the practice is temporary and under most situations will be covered the next
work day, the maintenance required should be low. If the practice is to remain in use
for more than one day, an inspection will be made a the end of each work day and
repairs made to the measure if needed. The contractor should avoid the placement
of any material over the structure while it is in use. Construction traffic should not be
permitted to cross the diversion.
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BMP: TEMPORARY

Definition

RIGHT-OF-WAY

BMP-I 1

DIVERSION

A ridge of compacted soil or loose rock or gravel constructed across disturbed rights-—
of-way and similar sloping areas.

Pur~ose

To shorten the flow length within a sloping right-of-way, thereby reducing the erosion
potential by diverting storm runoff to a stabilized outlet.

Conditions Where Practice Applies

Generally, earthen diversions are applicable where there will be little or no
construction traffic within the right-of-way. Gravel structures are more applicable to
roads and other rights-of-way which accommodate vehicular trafic.

Planning Considerations

Construction of utility lines and roads often requires the clearing of long strips of right-
of-way over sloping terrain. The volume and velocity of stormwater runoff tend to -
increase in these cleared strips and the potential for erosion is much greater since
the vegetative cover is diminished or removed. To compensate for the loss of
vegetation, it is usually a good practice to break up the flow length within the cleared
strip so that runoff does not have a chance to concentrate and cause erosion. At
proper intervals, temporary right-of-way diversions can significantly reduce the
amount of erosion which will occur until the area is permanently stabilized. Since
many right-of-ways are constructed through heavily vegetated areas, runoff can often
be diverted into a vegetative buffer strip, if it provides a minimum flow length of 23
meters (75 feet).
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Desiqn Criteria

No formal design is required. The following criteria shall be met:

Height-

The minimum allowable height of the diversion is 450 millimeters (18 inches).

Side Slopes-

Side slopes should be 2:1 or flatter to allow the passage of construction traffic, along
with a minimum base width of 2 meters (6 feet).

~dth-

The measure should be constructed completely across the disturbed portion of the
right-of-way.

Spacing-

Table 11-A will be used to determine the spacing of right-of-way diversions.

TABLE 1I-A
SPACING OF RIGHT-OF-WAY DIVERSIONS

SPACING

?40SLOPE Meters m

Less than 7?40 30 100

Between 7% and 25% 23 75

Between 25?J0and 40% 15 50

Greater than 40% 8 25

Grade-

Positive drainage (with less than 2% slope) should be provided to a stabilized outlet,
sediment-trapping facility, or a vegetative buffer strip of adequate size.
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Outlet-

Interceptor dikes must have an outlet which is not subject to erosion.

The on-site location may need to be adjusted to meet field conditions in order to
utilize the most suitable outlet. Concentrated flows should spread over the widest
possible area after release. Flows with high sediment concentrations should pass
through an appropriate sediment-trapping measure.

Construction Specifications

1. The diversion shall be
and/or graded.

installed as soon as

2. All earthen diversions shall be machine- or
(8-inch) lifts.

3. The outlet of the diversion
area when at all possible.
utilize a stabilized outlet.

shall be located

the right-of-way has been cleared

hand-compacted in 200 millimeter

on an undisturbed and stabilized

4. Earthen diversions which will
stabilized in accordance with

Maintenance

The field location should be adjusted as needed to

not be subject to construction traffic should be
TEMPORARY SEEDING (BMP-31).

The practice shall be inspected after every rainfall and repairs made if necessary. At
least once every two weeks, whether a storm has occurred or not, the measure shall
be inspected and repairs made if needed. Right-of-way diversions, which are subject
to damage by vehicular traffic, should be reshaped at the end of each working day.
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BMP-12

BMP: DIVERSION

Definition

A channel constructed across a slope with a supporting earthen ridge on the lower
side.

Pur~ose

To reduce slope length and to intercept and divert stormwater runoff to stabilized
outlets at non-erosive velocities.

Conditions Where Practice ADDlieS

1. Where runoff from areas of higher elevation may damage property, cause
erosion, or interfere with the establishment of vegetation on lower areas.

2. Where surface and/or shallow subsurface flow is damaging sloping upland.

3. Where the slope length needs to be reduced to minimize soil loss.

Planning Considerations

Diversions can be useful tools for managing surface water flows and preventing soil
erosion. On moderately sloping areas, they may be placed at intervals to trap and
divert sheet flow before it has a chance to concentrate and cause rill and gully
erosion. They may be placed at the top of cut or fill slopes to keep runoff from
upland drainage areas off the slope. They can also be used to protect structures,
parking lots, adjacent properties, and other special areas from flooding.

Diversions are preferable to other types of man-made stormwater conveyance
systems because they more closely simulate natural flow patterns and characteristics.
Flow velocities are generally kept to a minimum. When properly coordinated into the
landscape design of a site, diversions can be visually pleasing as well as functional.
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As with any earthen structure, it is very important to establish adequate vegetation as
soon as possible after installation. It is equally important to stabilize the drainage
area above the diversion so that sediment will not enter and accumulate in the
diversion channel.

Desiqn Criteria

Location-

Diversion location shall be determined by considering outlet conditions, topography,
land use, soil type, length of slope, seepage planes (where seepage is a problem)
and the development layout.

Capacity-

1. The diversion channel must have a minimum capacity to carry the runoff
expected from a 10-year frequency storm with a freeboard of at least 90
millimeters (4 inches).

2. Diversions designed to protect homes, schools, industrial buildings, roads,
parking lots, and comparable high-risk areas, and those designed to function in
connection with other structures, shall have sufficient capacity to carry peak
runoff expected from a storm frequency consistent with the hazard involved.

Channel Design-

The diversion channel may be parabolic, trapezoidal or vee-shaped and shall be
designed and constructed according to BMP-17, STORMWATER CONVEYANCE
CHANNELS.

Ridge Design-

The supporting ridge cross-section shall meet the following criteria:

1. The side slopes shall be no steeper than 2:1.
2. The width at the design water elevation shall’ be a minimum of 1.2 meters

(4 feet).
3. The
4. The

minimum freeboard shall
design shall include a 10

be 90 millimeters (3.6 inches).
percent settlement factor.

Outlet-

shall have adequate outlets which will convey concentrated runoff withoutDiversions
erosion. Acceptable outlets include STORMWATER CONVEYANCE CHANNEL
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(BMP-17); LEVEL SPREADER (BMP-21); OUTLET PROTECTION (BMP-I 8); and
PAVED FLUME (BMP-16).

Stabilization

1. The ridge and channel shall be seeded and mulched immediately following
their construction in accordance with BMP-32, PERMANENT SEEDING.

2. Disturbed areas draining into the diversion should normally be seeded and
mulched prior to the time the diversion is constructed. Sediment trapping
measures must remain in place to prevent soil movement into the diversion if
upslope area is not stabilized.

Construction Specifications

1.

2.

3.

4.

5.

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

The diversion shall be excavated or shaped to line, grade, and cross-section
as required to meet the criteria specified herein, free of irregularities which will
impede flow.

Fills shall be compacted as needed to prevent unequal settlement that would
cause damage in the completed diversion. Fill shall be composed of soil which
is free from excessive organic debris, rocks or other objectionable materials.

All earth removed and not needed in construction shall be spread or disposed
of so that it will not interfere with the functioning of the diversion.

Permanent stabilization of disturbed areas shall be done in accordance with
the applicable standard and specification contained in this handbook.
Permanent stabilization techniques include PERMANENT SEEDING (BMP-32).

Maintenance

Before final stabilization, the diversion should be inspected after every rainfall and at
least once every two weeks. Sediment shall be removed from the channel and
repairs made as necessary. Seeded areas which fail to establish a vegetative cover
shall be reseeded as necessary.
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BMP-13

BMP: TEMPORARY SEDIMENT TRAP

Definition

A temporary pending area formed by constructing an earthen embankment with a
stone outlet.

PurRose

To detain sediment-laden runoff from small disturbed areas long enough to allow the
majority of the sediment to settle out.

Conditions Where Practice Applies

1. Below disturbed areas where the total contributing- drainage area is less than
1.2 hectares (3 acres).

2. Where the sediment trap will be used no longer than 18 months (the maximum
useful life is 18 months).

3. The sediment trap may be constructed either independently or in conjunction
with a TEMPORARY DIVERSION DIKE (BMP-9).

Planninq Considerations

Sediment traps should be used only for small drainage areas. If the contributing
drainage area is 1.2 hectares (3 acres) or qreater, refer to SEDIMENT BASIN (BMP-
14).

Sediment traps, along with other perimeter controls intended to trap sediment, shall
be constructed as a first step in any land-disturbing activity and shall be made
functional before upslope land disturbance takes place.

Recent studies have been conducted on the performance of sediment traps (and
basins) which indicate the control measures only achieved a 46% removal of
sediment which flowed into them during storm events which caused measurable
outflow. To achieve a more acceptable removal rate (60Yo), it was necessary to
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revise the design of these measures. The total initial storage volume for both the
sediment trap and the TEMPORARY SEDIMENT BASIN (BMP-14) has been
doubled. There are both a “wet” storage volume and a drawdown or “dry” storage
volume which help to enhance sediment fall-out and prevent excessive sediment
losses during large storm events which occur during the advanced stages of land
disturbance.

In most cases excavation will be required to attain the necessary storage volume.
Also, sediment must be periodically removed from the trap to maintain the required
volume. Plans should detail how excavated sediment is to be disposed of, such as
by use in fill areas on site or removal to an approved off-site location.

As noted previously in this handbook, there are numerous other acceptable ways to
design many of the erosion control practices within. This is certainly true in the case
of the sediment trap. However, variations in its design should be considered
judiciously by plan reviewers to ensure that the minimum storage requirements and
structural integrity noted in this specification are maintained.

Desiqn Criteria

Trap Capacity-

The sediment trap must have an initial storage volume of 254 cubic meters per
hectare (134 cubic yards per acre) of drainage area, half of which shall be in the form
of a permanent pool or wet storage to provide a stable settling medium. The
remaining half shall be in the form of a drawdown or dry storage which will provide
extended settling time during less frequent, larger storm events. The volume of the
wet storage shall be measured from the low point of the excavated area to the base
of the stone outlet structure. The volume of the dry storage shall be measured from
the base of the stone outlet to the crest of the stone outlet (overflow mechanism).
Sediment should be removed from the basin when the volume of the wet storage is
reduced by one-half.

For a sediment trap, the wet storage volume may be approximated as follows:

v, = 0.85 X A, X D,
where,

v, = the wet storage volume in cubic meters (cubic feet).
Al = the surface area of the flooded area at the base of the stone

outlet in square meters (square feet).
D, = the maximum depth in meters (feet), measured from the low point

in the trap to the base of the stone outlet.
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The dry storage volume may be approximated as follows:

V2 = (A, + AJ/2 X D,

where,

V* = the dry storage volume in cubic meters (cubic feet)
A, = the surface area of the flooded area at the base of the

stone outlet in square meters (square feet)
A2 = the surface area of the flooded area at the crest of the

stone outlet (overflow mechanism), in square meters
(square feet)

D2 = the depth in meters (feet), measured from the base of the
stone outlet to the crest of the stone outlet

The designer should seek to provide a storage area which has a minimum 2:1 length
to width ratio (measured from point of maximum runoff introduction to outlet).

Note” Conversion between cubic meters to cubic feet and cubic yards is as follows:-

Cubic feet = cubic meters x 35.31
Cubic yards = cubic feet x 0.037

Excavation

Side slopes of excavated areas should be no steeper than 1:1. The maximum depth
of excavation within the wet storage area should be 1 meter (4 feet) to facilitate
clean-out and for site safety considerations.

Outlet

The outlet for the sediment trap shall consist of a stone section of the embankment
located at the low point in the basin. A combination of coarse aggregate and riprap
shall be used to provide for filtering/detention as well as outlet stability. The smaller
stone shall be coarse aggregate (smaller stone sizes will enhance filter efficiency)
and riprap shall be “Class l.” Filter cloth which meets the physical requirements
noted in BMP-19, RIPRAP shall be placed at the stone-soil interface to act as a
“separator.” The minimum length of the outlet shall be 4.5 meters times the number
of hectares comprising the total area draining to the trap (6 feet times the number of
acres). The crest of the stone outlet must be at least 300 millimeters (1.0 foot) below
the to~ of the embankment to ensure that the flow will travel over the stone and not
the embankment.
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Embankment Cross-Section

The maximum height of the sediment trap embankment shall be 1.5 meters (5 feet)
as measured from the base of the stone outlet. Minimum top widths (W) and outlet
heights (Ho) for various embankment heights (H) are shown in Figure 13-1. Side
slopes of the embankment shall be 2:1 or flatter.

FIGURE 13-1: MINIMUM TOP WIDTH (W) REQUIRED FOR SEDIMENT
TRAP EMBANKMENTS ACCORDING TO HEIGHT OF EMBANKMENT (METERS)

w
. . . . . . . ....... -------------------

ORIGNINAL
GROUND
ELEV.

Meters Feet
H HO W
0.5 0.2 0,6

H HO W
1.5 0.5 2.0

0.6 0.3 0.6 2.0 1.0 2.0
0.6 0.5 0.8 2.5 1.5 2.5
0.9 0.6 0,8 3.0 2.0 2.5
1.0 0.8 0.9 3.5 2.5 3.0
1.2 0.9 0.9 4.0 3.0 3.0
1.4 1.1 1,2 4.5 3.5 4.0
1.5 1.2 1,4 5.0 4.0 4.5
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Removal

Sediment traps must be removed after the contributing drainage area is stabilized.
Plans should show how the site of the sediment trap is to be graded and stabilized
after removal.

Construction Specifications

1.

2.

3.

4.

5.

6.

The area under the embankment shall be cleared, grubbed, and stripped of
any vegetation and root mat.

Fill material for the embankment shall be free of roots or other woody
vegetation, organic material, large stones, and other objectionable material.
The embankment should be compacted in 150 millimeter (6-inch) layers by
traversing with construction equipment.

The earthen embankment shall be seeded with temporary or permanent
vegetation (BMP-31 and 32) immediately after installation.

Construction operations shall be carried out in such a manner that erosion and
water pollution are minimized.

The structure shall be removed and the area stabilized when the upslope
drainage area has been stabilized.

All cut and fill slopes shall be 2:1 or flatter (except for excavated, wet storage
area which may be at a maximum 1:1 grade).

Maintenance

1. Sediment shall be removed and the trap restored to its original dimensions
when the sediment has accumulated to one half the design volume of the wet
storage. Sediment removal from the basin shall be deposited in a suitable
area and in such a manner that it will not erode and cause sedimentation
problems.

2. Filter stone shall be regularly checked to ensure that filtration performance is
maintained. Stone choked with sediment shall be removed and cleaned or
replaced.

3. The structure should be checked regularly to ensure that it is structurally sound
and has not been damaged by erosion or construction equipment. The height
of the stone outlet should be checked to ensure that its center is at least 300
millimeters (1 foot) below the top of the embankment.
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BMP-14

BMP: TEMPORARY SEDIMENT BASIN

Definition

A temporary barrier or dam with a controlled stormwater release structure formed by
constructing an embankment of compacted soil across a drainageway.

Purpose

To detain sediment-laden runoff from disturbed areas in “wet” and “dry” storage long
enough for the majority of the sediment to settle out.

Conditions Where Practice Applies

Below disturbed areas where the total contributing drainage area is equal to or
qreater than 1.2 hectares (3 acres). There must be sufficient space and appropriate
topography for the construction of a temporary impoundment. These structures are
lirnit~d to a useful life of 18 months unle& they are designed as permanent
impoundments. It is required that these measures, by virtue of their potential
impound large volumes of water, be designed by a qualified professional.

Planninq Considerations

Effectiveness-

to

Sediment basins constructed as per this specification are, at best, 60% effective in
trapping sediment which flows into them during large storm events (those which
cause flow from the outfall pipe) or during periods of minimal vegetative cover at a
construction site. Therefore, they should be used in conjunction with erosion control
practices such as temporary seeding, mulching, diversion dikes, etc., to reduce the
amount of sediment flowing into the basin.

The sediment removal efficiency problems noted for previous designs of the
TEMPORARY SEDIMENT TRAP (BMP-I 3) are also applicable to the sediment basin.
In order to contain the majority of sediment which flows to the structure, the basin
should have a permanent pool, or wet storage area and a dry storage area which
dewaters over time. The volume of the permanent pool (needed to protect against
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re-suspension of sediment and promote better settling conditions) must be 127 cubic
meters per hectare (67 cubic yards per acre) of drainage area and the volume of dry
storage above the permanent pool (needed to prevent “short-circuiting” of basin
during larger storm events) must be an additional 127 cubic meters per hectare (67
cubic yards per acre) of drainage area. The total storage volume of the basin at the
principal spillway riser crest will therefore be 254 cubic meters per hectare (134 cubic
yards per acre) of drainage area.

Sediment basins, along with other perimeter controls which are intended to trap
sediment, shall be constructed as a first step in any land disturbing activity and shall
be made functional before upslope land disturbance takes place.

Location-

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

Multiple Use-

Sediment basins may remain in place after construction and final site stabilization are
completed to serve as permanent stormwater management structures. Because the
most practical location for a sediment basin is often the most practical location for a
stormwater management basin, it is often desirable to utilize these structures for
permanent stormwater management purposes. It should be noted, however, that in
most cases, a typical structure’s outfall system will vary during the construction and
post-construction periods. Care must be taken to avoid constructing an outfall system
which will achieve the desired post. construction quantity or quality control but will not
provide the necessary medium for the containment and settling of sediment-laden
construction runoff. Notably, the design for permanent ponds is beyond the scope of
these standards and specifications.

Desiun Criteria

Maximum Drainage Area-

The maximum allowable drainage area into a temporary sediment basin shall be 40
hectares (100 acres). It is recommended that when the drainage area to any one
temporary basin exceeds 20 hectares (50 acres), an aiterative design procedure
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which more accurately defines the specific hydrology and hydraulics of the site and
the control measure be used. The design procedures in this standard and
specification do not generate hydrography, utilize storage volumes or provide a
routing of the design storms; for a large drainage area, this may result in an
excessively large diameter riser or an oversized basin. Notably, design
considerations which are more accurate and
specification are acceptable and encouraged

Basin Capacity-

project-specific than those in this
with any size basin.

The design storage capacity of the basin must be at least 254 cubic meters per
hectare (134 cubic yards per acre) of total contributing drainaqe area. One half of the
design volume shall be in the form of a permanent pool, and the remaining half as
drawdown volume. The volume of the permanent pool shall be measured from the
low point of the basin to the elevation corresponding to one half the total storage
volume. The volume of the drawdown area shall be measured from the elevation of
the permanent pool to the crest of the principal spillway (riser pipe). Sediment should
be removed from the basin when the volume of the permanent pool has been
reduced by one half. In no case shall the sediment cleanout level be higher than 300
millimeters (1 foot) below the bottom of the dewatering device. The elevation of the
sediment cleanout level should be calculated and clearly marked on the plans and
riser (since this part of the riser normally will be under water, a mark should appear
above the permanent pool a measured distance above the cleanout elevation).

While attempting to attain the desired storage capacities, efforts should be made to
keep embankment heights to a minimum. This precaution takes on added
significance when the basin will only serve as a temporary measure or will need
substantial retrofitting prior to functioning as a permanent measure. When site
topography permits, the designer should give strong consideration to the use of
excavation to obtain the required capacity and to possibly reduce the height of the
embankment. This excavation can be performed in a manner which creates a wet
storage forebay area or which increases the storage capacity over the entire length of
the basin.

Basin Shape-

To improve sediment trapping efficiency of the basin, the effective flow length must
be twice the effective flow width. This basin shape may be attained by properly
selecting the site of the basin, by excavation, or by the use of baffles. See Appendix
BMP-14a for pertinent design details.
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Embankment Cross-Section-

For embankments of less than 3 meters (1O feet), the embankment must have a
minimum top width of 2 meters (6 feet), and the side slopes must be 2:1 or flatter. In
the case of an embankment 3 to 4 meters (1O to 14 feet) in height, the minimum top
width shall be 2.5 meters (8 feet) and the side slopes shall be 2.5:1 or flatter. For 4.5
meter (15-foot) embankments (maximum allowed under these specifications), the top
width must be 3 meters (1O feet) with maximum 2.5:1 side slopes.

Spillway Design-

The outlets for the basin shall consist of a combination of principal and emergency
spillways. These outlets must pass the peak runoff expected from the contributing
drainage area for a 25-year storm. If, due to site conditions and basin geometry, a
separate emergency spillway is not feasible, the principal spillway must pass the
entire peak runoff expected from the 25-year storm, However, an attempt to provide
a separate emergency spillway should always be made (refer to “Emergency
Spillway” later on in this section). Runoff computations shall be based upon the soil
cover conditions which are expected to prevail during the life of the basin. Notably,
the flow through the dewatering orifice cannot be utilized when calculating the 25 year
storm elevation because of its potential to become clogged; therefore, available
spillway storage must begin at the principal spillway riser crest.

The spillways designed by the procedures contained in the standard and specification
will not necessarily result in any reduction in the peak rate of runoff. If a reduction in
peak runoff is desired, the appropriate hydrographs/storm routings should be
generated to choose the basin and outlet sizes.

Principle Spillway-

For maximum effectiveness, the principal spillway should consist of a vertical pipe or
box of corrugated metal or reinforced concrete, with a minimum diameter of 380
millimeters (15 inches), joined by a watertight connection to a horizontal pipe (barrel)
extending through the embankment and outletting beyond the downstream toe of the
fill. If the principal spillway is used in conjunction with a separate emergency
spillway, the principal spillway must be designed to pass at least the peak flow
expected from of 2-year storm. If no emergency spillway is used, the principal
spillway must be designed to pass the entire peak flow expected from a 25-year
storm (see Appendix BMP-14a for design details).

Design Elevations-

The crest of the principal spillway shall be set at the elevation corresponding to the
storage volume required - 127 cubic meters per hectare wet storage plus 127 cubic
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meters per hectare dry storage for a total of 254 cubic meters per hectare (134 cubic
yards per acre). If the principal spillway is used in conjunction with an emergency
spillway, this elevation shall be a minimum of 300 millimeters (1.0 foot) below the
crest of the emergency spillway. In addition, a minimum freeboard of 300 millimeters
shall be provided between the design high water (25-year) and the top of the
embankment. If no emergency spillway is used, the crest of the principal spillway
shall be a minimum of 1 meter (3 feet) below the top of the embankment; also, a
minimum freeboard of 600 millimeters (2.0 feet) shall be provided between the design
high water and the top of the embankment.

Anti-Vortex Device and Trash Rack-

An anti-vortex device and trash rack shall be attached to the top of the principal
spillway to improve the flow characteristics of water into the spillway and prevent
floating debris from blocking the principal spillway. The anti-vortex device shall be of
the concentric type. See Appendix BMP-14a for design procedures for the anti-vortex
device and trash rack.

Dewatering-

Provisions shall be made to dewater the basin down to the permanent pool elevation.
Recent studies by the Washington Metropolitan Council of Governments have shown
that it is necessary to provide at least a 6-hour drawdown time in the dry storage area
in order to achieve up to 60’?40removal of sediment.

Dewatering of the dry storage should be done in a manner which removes the
“cleaner” water without removing the potentially sediment-laden water found in the
wet storage area or any appreciable quantities of floating debris. An economical and
efficient device for performing the drawdown is a section of perforated vertical tubing
which is connected to the principal spillway at two locations. By virtue of the potential
for the dewatering device or orifice becoming clogged, no credit is given for
drawdown by the device in the calculation of the principal or emergency spillway
locations. The method for sizing the dewatering orifice and the associated flexible
conduit is located in Appendix 14-a.

Base-

The base of the principal spillway must be firmly anchored to prevent its floating. If
the riser of the spillway is greater than 3 meters (1O feet) in height, computations
must be made to determine the anchoring requirements. A minimum factor of safety
of 1.25 shall be used (downward forces = 1.25 x upward forces).

For risers 3 meters (1O feet) or less in height, the anchoring may be done in one of
the two following ways:
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1.

2.

A concrete base 450 millimeters (18 inches) thick and twice the width of riser
diameter shall be used and the riser embedded 150 millimeters (6 inches) into
the concrete. See Appendix BMP-14a for design details.

Asquare steel plate, a minimum of6 millimeters (0.25 inches) thick and having
a width equal to twice the diameter of the riser shall be used; it shall be
covered with 750 millimeters (2.5 feet) of stone, gravel, or compacted soil to
prevent flotation. See Appendix BMP-14a for design details.

Note: If the steel base is used, special attention should be given to
compaction so that 95?40compaction is achieved over the plate. Also, added
precautions should be taken to ensure that material over the plate is not
removed accidently during removal of sediment from basin.

Barrel-

The barrel of the principal spillway, which extends through the embankment, shall be
designed to carry the flow provided by the riser of the principal spillway with the water
level at the crest of the emergency spillway. The connection between the riser and
the barrel must be watertight. The outlet of the barrel must be
erosion or scour of downstream area. See Appendix BMP-14a

Anti-Seep Collars-

protected to prevent
for design details.

Anti-seep collars shall be used on the barrel of the principal spillway within the normal
saturation zone of the embankment to increase the seepage length by at least 10?40,if
either of the following two conditions is met:

1. The settled height of the embankment exceeds 3 meters (1O feet).

2. The embankment has a low silt-clay content (Unified Soil Classes SM or GM)
and the barrel is greater than 250 millimeters (1O inches) in diameter.

The anti-seep collars shall be installed within the saturated zone. The maximum
spacing between collars shall be 14 times the projection of the collars above the
barrel. Collars shall not be closer than 600 millimeters (2 feet) to a pipe joint. Collars
should be placed sufficiently far apart to allow space for hauling and compacting
equipment. Precautions should be taken to ensure that 95% compaction is achieved
around the collars. Connections between the collars and the barrel shall be
watertight. See Appendix BMP-14a for details and design procedure.
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Alternatives to Anti-Seepage Collars-

Anti-seep collars are designed to control seepage and piping along the barrel by
increasing the flow length and thus making any flow along the barrel travel a longer
distance. However, due to the constraints that collars impose on embankment fill
placement and compaction, collars may sometimes be ineffective or actually result in
an increase in seepage and piping.

Alternative measures have been developed and are being incorporated into
embankment designs. These measures include a structure known as a “filter
diaphragm.” A filter diaphragm consists of a layer of sand and fine gravel which runs
through the dam embankment perpendicular to the barrel. Typically, the structure is
100 to 125 millimeters (4 to 5 inches) in width, approximately 300 millimeters (1 foot)
in height and is located at the barrel elevation at its intersection with the upper
bounds of the seepage zone. The measure controls the transport of embankment
fines, which is the major concern with piping and seepage. The diaphragm channels
any undesirable flow through the fine-graded material, which traps any embankment
material being transported. The flow is then conveyed out of the embankment
through a perforated toe drain.

The critical design element of the filter diaphragm is the grain-size distribution of the
filter material which is determined by the grain-size distribution of the embankment fill
material. The use and design of these measures must be based on site-specific
geotechnical information and should be supervised by a qualified professional.

Emerqency SDillwav

The emergency spillway acts as a safety release for a sediment basin, or any
impoundment type structure, by conveying the larger, less frequent storms through
the basin without damage to the embankment. The emergency spillway also acts as
its name implies - in case of an emergency such as excessive sedimentation or
damage to the riser which prevents flow through the principal spillway. The
emergency spillway shall consist of an open channel (earthen and vegetated)
constructed adjacent to the embankment over undisturbed material (not fill). Where
conditions will not allow the construction of an emergency spillway on undisturbed
material, a spillway may be constructed of a non-erodible material such as riprap.
The spillway shall have a control section at least 6 meters (20 feet) in length. The
control section is a level portion of the spillway channel at the highest elevation in the
channel. See Appendix BMP-14a for details and design procedure.

An evaluation of site and downstream conditions must be made to determine the
feasibility and justification for the incorporation of an emergency spillway. In some
cases, the site topography does not allow a spillway to be constructed in undisturbed
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material, and the temporary nature of the facility may not warrant the cost of
disturbing more acreage to construct and armor a spillway. The principal spillway
should then be sized to convey all the design storms. If the facility is designed as a
permanent facility with downstream restrictions, the added expense of constructing
and armoring an emergency spillway may be justified.

Capacity-

The emergency spillway shall be designed to carry the portion of the peak rate of
runoff expected from a 25-year storm which is not carried by the principal spillway,
See Appendix BMP-14a for design procedure and details.

Design Elevations-

The 25-year storm elevation through the emergency spillway shall be at least 300
millimeters (1 foot) below the top of the embankment. The crest of the emergency
spillway channel shall be above the 2-year storm water surface elevation.

Location-

The emergency spillway channel shall be located so that it will not be constructed
over fill material. The channel shall be located so as to avoid sharp turns or bends.
The channel shall return the flow of water to a defined channel downstream from the
embankment.

Maximum Velocities-

The maximum allowable velocity in the emergency spillway channel will depend upon
the type of lining used. For vegetated linings, allowable velocities are listed in Table
17-1 (BMP-17, STORMWATER CONVEYANCE CHANNELS). For non-erodible
linings, such as concrete or riprap, design velocities may be increased. However, the
emergency spillway channel shall return the flow to the receiving channel at a non-
eroding velocity. See Appendix BMP-14a for design procedure and details.

Stabilization-

The embankment of the sediment basin shall receive temporary or permanent
seeding immediately after installation (see TEMPORARY SEEDING, BMP-31 or
PERMANENT SEEDING, BMP-32). If excavation is required in the basin, side slopes
should not be steeper than 1.5:1.
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Disposal-

Sediment shall be removed from the basin when the sediment level is no higher than
300 millimeters (1 foot) below the bottom of the dewatering orifice, or one-half of the
permanent pool volume, whichever is lower. Plans for the sediment basin shall
indicate the methods for disposing of sediment removed from the basin. Possible
alternatives are the use of the material in fill areas on-site or removal to an approved
off-site location.

Sediment basin plans shall indicate the final disposition of the sediment basin after
the upstream drainage area is stabilized. The plans shall include methods for the
removal of excess water lying over the sediment, stabilization of the basin site, and
the disposal of any excess material. Where the sediment basin has been designed
as a permanent stormwater management basin, plans should also address the steps
necessary for the conversion from sediment basin to a permanent detention or
retention facility.

Safety-

Sediment basins can be attractive to children and can be dangerous. They should;
therefore, be fenced or otherwise made inaccessible to persons or animals unless
this is deemed unnecessary by the plan approving authority due to the remoteness of
the site or other circumstances. Strategically placed signs around the impoundment
reading “DANGER-QUICKSAND” should also be installed. In any case, local
ordinances and regulations regarding health and safety must be adhered to (see
BMP-I , SAFETY FENCE).

Construction Specifications

Site Preparation-

Areas under the embankment or any structural works related to the basin shall be
cleared, grubbed, and stripped of topsoil to remove trees, vegetation, roots, or other
objectionable material. In order to facilitate cleanout and restoration, the area of most
frequent inundation (measured from the top of the principal spillway) will be cleared of
all brush and trees.

Cutoff Trench-

For earth-fill embankments, a cutoff trench shall be excavated along the centerline of
the dam. The trench must extend at least 300 millimeters (1 foot) into a stable,
impervious layer of soil and have a minimum depth of 600 millimeters (2 feet). The
cutoff trench shall extend up both abutments to the riser crest elevation. The
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minimum bottom width shall be 1.2 meters (4 feet), but also must be wide enough to
permit operation of compaction equipment. The side slopes shall be no steeper than
1:1.

Compaction requirements shall be the same as those for the embankment. The
trench shall be drained during the

Embankment-

backfilling/compacting operations.

The fill material shall be taken from approved borrow areas. It shall be clean mineral
soil, free of roots, woody vegetation, stumps, sod, oversized stones, rocks, or other
perishable or objectionable material. The material selected must have enough
strength for the dam to remain stable and be tight enough, when properly compacted,
to prevent excessive percolation of water through the dam. Fill containing particles
ranging from small gravel or coarse sand to fine sand and clay in desired proportion
is appropriate. Any embankment material should contain approximately 20% clay
particles by weight. Using the Unified Soil Classification System, SC (clayey sand),
GC (clayey gravel) and CL (“low liquid limit” clay) are among the preferred types of
embankment soils. Areas on which fill is to be placed shall be scarified prior to
placement of fill. The fill material should contain the proper amount of moisture to
ensure that 95°A compaction will be achieved. Fill material will be placed in 150
millimeter (6-inch) continuous layers over the entire length of the fill. Compaction
shall be obtained by routing the hauling equipment over the fill so that the entire
surface of the fill is transversed by at least one wheel or tread track of the equipment,
or by using a compactor. Special care shall be taken in compacting around the anti-
seep collars (compact by hand, if necessary) to avoid damage and achieve desired
compaction. The embankment shall be constructed to an elevation 10% higher than
the design height to allow for settlement if compaction is obtained with hauling
equipment. If compactors are used for compaction, the overbuild may be reduced to
not less than 5Y0.

Principal Spillway-

The riser of the principal spillway shall be securely attached to the barrel by a
watertight connection. The barrel and riser shall be placed on a firmly compacted soil
foundation. The base of the riser shall be firmly anchored according to design criteria
to prevent its floating. Pervious materials such as sand, gravel, or crushed stone
shall not be used as backfill around the barrel or anti-seep collars. Special care shall
be taken in compacting around the anti-seep collars (compact by hand, if necessary).
Fill material shall be placed around the pipe in 100 millimeter (4-inch) layers and
compacted until 95% compaction is achieved. A minimum of 600 millimeters (2 feet)
of fill shall be hand-compacted over the barrel before crossing it with construction
equipment.
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Emergency Spillway-

Vegetative emergency spillways shall not reconstructed overfill material. Design
elevations, widths, entrance and exit channel slopes are critical to the successful
operation of the spillway and should be adhered to closely during construction.

Vegetative Stabilization-

The embankment and emergency spillway of the sediment basin shall be stabilized
with temporary or permanent vegetation immediately after installation of the basin
(see TEMPORARY SEEDING, BMP-31 or PERMANENT SEEDING, BMP-32).

Erosion and Sediment Control-

The construction of the sediment basin shall be carried out in a manner such that it
does not result in sediment problems downstream.

Safety-

All state and local requirements shall be met concerning fencing and signs warning
the public of the hazards of soft, saturated sediment and flood waters (refer to BMP-
1, SAFETY FENCE).

Maintenance

The basin embankment should be checked regularly to ensure that it is structurally
sound and has not been damaged by erosion or construction equipment.

The emergency spillway should be checked regularly to ensure that its lining is well
established and erosion-resistant.

The basin should be checked after each runoff-producing rainfall for sediment
cleanout. When the sediment reaches the clean-out level, it shall be removed and
properly disposed.
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APPENDIX BMP-14a

Design Procedure for Temporarv Sediment Basins

The following design procedure provides a step-by-step method for the design of a
temporary sediment basin. The data sheet found in the back of this Appendix should

be used in the erosion and sediment control plan to outline design values calculated.

1. Basin Volume

A. Determine the. required basin volume. The design capacity of the basin
must be at least 254 cubic meters per hectare (134 cubic yards per acre

of total contributing drainage area, half of which shall be in the form of a
permanent pool or wet storage, and the remaining half as a “drawdown”
area or dry storage.

1. For a natural basin, the wet storage volume may be approximated
as follows:

v, = 0.4 x A, X D,

where,

v, = the wet storage volume in cubic meters (cubic
feet)

Al = the surface area of the flooded area at the
invert of the dewatering outlet, in square
meters (square feet)

D, = the maximum depth in meters (feet),

measured from the low point in the basin to
the invert of the dewatering outlet

2. For a natural basin, the dry storage volume may be approximated
as follows:

V2 = (A1 + AJ/2 X D,
where,

v, = the dry storage volume in cubic meters (cubic
feet)
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Il.

A, = the surface area of the flooded area at the
invert of the dewatering outlet, in square
meters (square feet) - see #1 above

A2 = the surface area of the flooded area at the

crest of the principal spillway

D2 = the depth, in meters (feet), measured from the
invert of the dewatering outlet to the crest of

the principal spillway

Note 1: The volumes may be computed from more precise contour
information or other suitable methods.

Note 2: Conversion between acres to hectares and cubic meters to
cubic feet and cubic yards is as follows:

acres = number of hectares x 2.47
cubic feet = number of cubic meters x 35.31

number of cubic yards = number of cubic meters x 1.308

B. If the volume of the basin is inadequate or embankment height becomes
excessive, pursue the use of excavation to obtain the required volume.

Basin Shape

A. The shape of the basin must be such that the length-to-width ratio is at

least 2 to 1 according to the following equation:

Length-to-width Ratio = L /We

where,

We = A/L = the effective width

A= the surface area of the normal pool

L= the length of the flow path from the inflow to the
oufflow. If there is more than one inflow point, any
inflow which carries more than 30% of the peak rate
of inflow must meet these criteria.

C-60



B. The correct basin shape can be obtained by proper site selection,

excavation, or the use of baffles. Baffles increase the flow length by

deflecting the flow. The baffles should be placed halfway between the

inflow point and the oufflow. Figure 14-1 shows the detail for baffle

construction and three situations where baffles might be used.

Ill. Determine whether the basin will have a separate emergency spillway.

Iv. Determine the elevation of the crest of the principal spillway for the required
volume - dewatering orifice at 127 cubic meters per hectare (67 cubic yards
per acre) and crest of principal spillway -254 cubic meters per hectare (134

cubic yards per acre).

v. Estimate the elevation of the design high water and the required height of the

dam.

A. If an emergency spillway is included, the crest of the principal spillway
must be at least 300 millimeters (1.0 foot) below the crest of the
emergency spillway.

B. If an emergency spillway is included, the elevation of the peak flow

through the emergency spillway (which will be the design high water for
the 25-year storm) must be at least 300 millimeters below the top of

embankment.

c. If an emergency spillway is @ included, the crest of the principal
spillway must be at least 1 meter (3 feet) below the top of the
embankment.

D. If an emergency spillway is @ included, the elevation of the design high
water for the 25-year storm must be 600 millimeters (2.0 feet) below the
top of the embankment.

V1. Principal Spillway Design

A. If an emergency spillway is included, the principal spillway must at least
pass the peak rate of runoff from the basin drainage area for a 2-year
storm. Therefore,

Q, = the 2-year peak rate of runoff.
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FIGURE 14-1: EXAMPLE PLAN VIEWS OF BAFFLE
LOCATIONS IN SEDIMENT BASINS
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B. If an emergency spillway is @ included, the principal spillway must
pass the peak rate ofrunoff from the basin drainage area fora 25-year

storm. Therefore,

Qp = the 25-year peak rate of runoff.

c. Refer to Figure 14-2, where h is the difference between the elevation of
the crest of the principal spillway and the elevation of the crest of the
emergency spillway.

D. Enter Figure 14-3 with QP. Choose the smallest riser which will pass the
required flow with the available head, h.

E. Refer to Figure 14-2, where H is the difference in elevation of the
centerline of the outlet of the barrel and the crest of the emergency
spillway. L is the length of the barrel through the embankment.

F. Enter Table 14-1 or Table 14-2 with H. Choose the smallest size barrel
which will pass the flow provided by the riser. If L is other than 21
meters (70 feet), make the necessary correction.

V1l. Emergency Spillway Design

A. The emergency spillway must pass the remainder
rate of runoff not carried by the principal spillway.

of the 25-year peak

B. Compute, Q. = Q2~ - QP

c. Refer to Table 14-3 and Figure 14-4.

D. Determine approximate permissible values for b, the bottom width; s, the
slope of the exit channel; and x, minimum length of the exit channel.

E. Enter Table 14-3 and choose an exit channel cross-section which
passes the required flow and meets the other constraints of the site.

F. Note”-

1. The maximum
be considered

permissible velocity for vegetated waterways must
when designing an exit channel.

2. For a given Hp, a decrease in the exit slope from S as given in
the table decreases spillway discharge, but increasing the exit
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FIGURE 14-2: PRINCIPAL SPILLWAY DESIGN

r EMERGENCYSPILLWAY
DESIGN HIGHWATER CREST
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Q= DIAMETEROF RISER
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FIGURE 14-3
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TABLE 14-1: PIPE FLOW CHART, n = 0.025
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TABLE 14-2: PIPE FLOW CHART, n = 0.013
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278
311

241
369
394
41s
MO

46z
462
S02
521
539

5s7
574
S91
607
623

63s
6S3
646
602
6%

710
723
737
750

209
334
373

341
394
440

482
521
SS7
S90
622

653
662
710
736
762

707
012
03s
058
aao

902
923
944
944
984

1004
102J
1041
104O

397
459
513

562
607
425
49a
72S

761
794
827
058
968

917
946
973
1000
1026

1051
1076
1100
1123
1147

1169
1192
1214
123S
12S6

45a
S29
591

647
699
74a
793
034

877
916
953
969
1024

10s7
1090
1121
1152
1182

1211
1240
1246
1295
1322

1340
1373
1399
1423

s23
604
67S

739
79a
854
90s
9s4

1001
104s
1086
1129
1169

1207
1244
12ao
1315
1350

1303
1415
1447
1478
1509

1539
1546
1597
1625

592
6a3
764

a37
904
%6
1025
loao

1133
1184
1232
1270
1323

1367
1409
1450
1489
1520

1s66
1603
1639
1674
1706

1742
1775
1808
1040

6.43
7.19

6
7
a
9
10

7.00
8.51
9.10
9.65
10.2

224
242
2S9
275
209

441
472
Soo
527

553
57a
601
624
646

667
460
ma
727
744

744
782
000
017
e34

10.7
11.1
11.6
12.0
12.5

12.9
13.3
13.7
14.0
14.4

14.7
15.1
15.4
15.8
16.1

16.4
16.7
17.0
L7.3
17.6 29.8 4s.4 64.5 87.0 142 212 294 391 sol 625 763 913 1070

.-

Comctiol! rut.02a?01 OtJmr Pip kiptha

L.30 1.24 1.21 1.10 1.15 1.12 1.10 1.09 1.07 1.04 1.0s 1.05 1.04 1.04 1.03 1.03
1.22 1.10 1.1s

1.03 1.0
1.13 1.12 1.09 1.09 1.04 1.05 1.0s 1.04 1.04 1.0

1.1s 1.13 1.11 1.10 1.09
1.09 1.06 1.07 1.04 1.05
1.o4 1.M 1.03 1.03 1.03
1.00 1,00 1.00 1.00 1.00
.% .97 .97 .97 .99
.93 .94 .94 .9s .95
.90 .91 .92 .93 .93
.84 .a6 .07 .09 .90
.00 .82 .03 .05 .64
.76 .7a .00 .82 .03

304
317
330
342
354

u
12
13
14
15

16
17
la
19
20

21
22
23
24
25

366
377
380
399
409

419
429
439
44a
450

467
476

26
27 067

083
090

2a
29

424
493

30

L, il

1440 1653
—

1071

faat
T

30
40
50
40
70
90
w
100
120
140
160

1.03 1.03
1.02 1.02
1.02 1.01
1.01 1.01
1.00 1.00
.99 .99
.96 .99
.99 .9a
.% .97
.95 .9s
.94 .94

1.03
1.02
1.01
1.01
1.00
.99
.99
.m
.97
.%
.9s

1.02
1.02
1.01
1.01
1.00
.99
.99
.96
.97
.%
.9s

1.02
1.02
1.01
1.01
1.00
.99
.99
.99
.99
.97
.96

1.07
I.M
1.02
1.00
.9a
.%
.9s
.91
.66
.94

1.05
1.M
1.02
1.00
.9a
.97
.9s
.93
.90

1.05
1.03
1.02
1.00
.99
.97
.%
.94
.91
.09

1.04

1.03
1.01
1.00
.99
.99
.97
.94
.92
.90

1.03
1.02
1.01
1.00
.99
.9a
.97
.95
.93
.91

1.03
1.02
1.01
1.00
.99
.9a
.97
.96
.94
.92

1.03
1.02
1.01
1.00
.99
.9a
.9a
.%
.94
.93

1.02
1.02
1.01
1.00
.99
.99
.9a
.97
.%
.95

Typical Metric Conversions:
Meters = 0.3048 x feet
millimeters = 25.4 x inches



TABLE 14-3: DESIGN DATA FOR SPILLWAYS’

Stage Spillway Bottom Width (b) in Feet
(HP) Variables

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Q 6 7 8 10 11 13 14 15 17 18 20 21 22 24 25 27 28
0.5 ‘v

2.7 2.7 2.7 2.7 2,7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2,7 2.7 2.7

s 3.9 3.9 3.9 3.8 3.8 3.8 3.8 3,8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8

x 32 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33

Q 8 10 12 14 16 18 20 22 24 26 28 30 32 34 35 37 39
0.6 ‘v

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.13 3.0 3.(33.0 3.(33.0 3.0 3.()3.(3 3 .-J

s 3.7 3.7 3.7 3.7 3.6 3.7 3.6 3.6 3,6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6

x 36 36 36 36 36 36 37 37 37 37 37 37 37 37 37 37 37

Q 11 13 16 18 20 23 25 28 30 33 35 38 41 43 44 46 48
0.7 v

3.2 3.2 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3

s 3.5 3.5 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4

x 39 40 40 40 41 41 41 41 41 41 41 41 41 41 41 41 41

Q 13 16 19 22 26 29 32 35
0.8

38 42 45 46 48 51 54 57 60

v 3.5 3.5 3.5 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6

s 3.3 3.3 3.3 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2

x 44 44 44 44 45 45 45 45 45 45 45 45 45 45 45 45 45

Q 17 20 24 28 32 35 39 43 47 51 53
0.9 v

57 60 64 68 71 75

3.7 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3,8 3.8 3.8 3.8

s 3.2 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.3.3.1 3.1

x 47 47 48 48 48 48 48 48 48 48 49 49 49 49 49 49 49

Q 20 24 29 33 38 42 47 51
1.0

56 61 63 68 72 77 81 86 90
v 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

s 3.1 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.133.0 3.0 3.0

x 51 51 51 51 52 52 52 52 52 52 52 52 52 52 52 52 52

Q 23 28 34 39 44 49 54 60
1.1

65 70 74 79 84 89 95 100 105
v 4.2 4.2 4.2 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3

s 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8

x 55 55 55 55 55 55 55 56 56 56 56 56 56 56 56 56 56

Q 28 33 40 45 51 58 64 69
1.2

76 80 86 92 98 lf34Ilo 116 122

v 4.4 4.4 4,4 4.4 4.4 4.5 4.5 4.5 4.5 4 .5 4.5 4.5 4.5 4.5 4.5 4.5 4.5

s 2.9 2.9 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8

x 58 58 59 59 59 59 59 59 60 60 60 60 60 GO GO 60 60

Q 32 38 46 53 58 65 73 80 86
1.3

91 99 106 112 119 125 133 140

v 4.5 4.6 4.6 4.6 4.6 4.6 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.74 .7 4.7 4.7

s 2.8 2.8 2.8 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2 .7 2.7 2.7

x 62 62 62 63 63 63 63 63 63 63 63 64 64 64 64 64 64

Q 37 44 51 59 66 74 82 90 96 103 111 119 127 134 142 150 158
1.4

v 4.7 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.9 4.9 4.9 4.9 4 .9 4 .9 4 .9 4.9

s 2.8 2.7 2.7 2.7 2.7 2.7 2.7 2.6 2.6 2.62 .6 2 .6 2 .6 2 .6 2 .6 2.6 2.6

x 65 66 66 66 66 67 67 67 67 67 67 68 68 68 68 68 69
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TABLE 14-3: DESIGN DATA FOR SPILLWAYS Continued

EEL&!?

---l=
Q

1.5 ~

s

x

t=

Q
1.6

v

---l=
17+
E
-t=

1=Q
1.9 v

---t=

t=-

Q
2.0 v

k
bQ2.1
v

-b

E
Q

2.2
v

s

x

bQ2.3 ~

-k=
1=
Q

2.4
v

s

lx

Bottom Width (b) in Feet

8 10 12 14 16 18 20 22 24 26 28 30 32 3

41 50 58 66 75 85 92 101 108 116 125 133 142 15

4.8 4.9 4.9 5 5 5 5 5 5 5 5 5 5

2.7 2.7 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.

69 69 70 70 71 71 71 71 71 71 71 72 72 7

46 56 65 75 84 94 104 112 122 132 142 149 158 16

5.0 5.1 5.1 5.1 5.1 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.

2.6 2.6 2.6 2.6 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.

72 74 74 75 75 76 76 76 76 76 76 76 76 7

52 62 72 83 94 105 115 126 135 145 156 167 175 18

5.2 5.2 5.2 5.3 5.3 5.3 5.3 5.4 5.4 5.4 5.4 5.4 5.4 5.

2.6 2.6 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.

76 78 79 80 80 80 80 80 80 80 80 80 80 8

58 69 81 93 104 116 127 138 150 160 171 182 194 204

5.3 5.4 5.4 5.5 5.5 5.5 5.’55.5 5.5 5.5 5.5 5.6 5.6 5.6

2.5 2.5 2.5 2.5 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4

80 82 83 84 84 84 84 84 84 84 84 84 84 84

64 76 88 102 114 127 140 152 164 175 188 201 213 225

5.5 5.5 5.5 5.6 5.6 5.6 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7

2.5 2.5 2.5 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4

84 85 86 87 88 88 88 88 88 88 88 88 88 88

71 83 97 111 125 138 153 164 178 193 204 218 232 24

5.6 5.7 5.7 5.7 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.9 5.9 5.

2.5 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.3 2.3 2.3 2.3 2.3 2.

88 90 91 91 91 91 92 92 92 92 92 92 92 9

77 91 107 122 135 149 162 177 192 207 220 234 250 26

5.7 5.8 5.9 5.9 5.9 5.9 5.9 6 6 6 6 6 6

2.4 2.4 2.4 2.4 2.4 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.

92 93 95 95 95 95 95 95 95 96 96 96 96 9

84 100 116 131 146 163 177 194 210 224 238 253 269 28

5.9 5.9 6.0 6.0 6.0 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.

2.4 2.4 2.4 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.

96 98 99 99 99 99 99 100 100 100 100 100 100 10

90 108 124 140 158 175 193 208 226 243 258 275 292 30

:.0 6.1 6.1 6.1 6.2 6.2 6.2 6.2 6.3 6.3 6.3 6.3 6.3 6.

:.4 2.4 2.3 2.3 2.3 2.3 2.3 2.3 2.2 2.2 2.2 2.2 2.2 2.

,00 102 102 103 103 103 104 104 104 105 105 105 105 lC

99 116 136 152 170 189 206 224 241 260 275 294 312 32

6.1 6.2 6.2 6.3 6.3 6.3 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.

2.3 2.3 2.3 2.3 2.3 2.2 2.2 2.2 2.2 2.2 2..2 2.2 2.2 2..

105 105 106 107 107 108 108 108 108 109 109 109 109 lC

Al-AJ!?
160 169 17s

5.1 5.1 5.1

2.5 2.5 2.5

72 72 72

178 187 197

5.2 5.2 5.2

2.5 2.5 2.5

76 76 76

196 206 217

5.4 5.4 5.4

2.5 2.5 2.5

80 80 80

214 226 233

5.6 5.6 5.6

2.4 2.4 2.4

84 84 84

235 248 260

5.7 5.7 5.7

2.4 2.4 2.4

E
88 88 88

!56 269 283

;.9 5.9 5.9

!.3 2.3 2.3

92 92 92

276 291 305

66 6

2.3 2.3 2.3

96 96 96

301 314 330

6.2 6.2 6.2

2.3 2.3 2.3

100 100 10C

323 341 354

6.3 6.3 6.3

2.2 2.2 2.2

105 105 105

346 364 37’E

6.4 6.4 6.4

2.2 2.2 2.;

109 109 10$

Typical Metric Conversions
cubic meters per second = cubic feet per second x 0.0283
meters = feet x 0.3048
millimeters = inches x 25.4
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FIGURE 14-4: EXCAVATED EARTH SPILLWAY
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Vlll.

lx.

x.

3.

Re-estimate
based upon

slope from S does not increase discharge. If an exit slope (Se)
steeper than S is used, then design procedures should be used to
verify the adequacy of the exit channel.

Data to the right of heavy vertical lines should be used with

caution, as the resulting sections will be either poorly proportioned
or have excessive velocities.

the elevation of the design high water and the top of the dam
the design of the principal spillway

Anti-Vortex Device and Trash Rack

A. This design procedure for the anti-vortex

and the emergency spillway.

device and trash rack refer
only to riser “pipes of corrugated metal. There are numerous ways to
provide protection for concrete pipe; these include various hoods and
grates and rebar configurations which should be a part of project-specific

design and will frequently be a part of a permanent structure.

B. Refer to Figure 14-5 and Table 14-4. Choose cylinder size, support
bars, and top requirements from Table 14-4 based on the diameter of
the riser pipe.

Anti-Seep Collars

A. Anti-seep collars
Design Criteria.

B. Anti-seep collars
barrel by 10%.

must be used under the conditions specified in the

are used to increase the seepage length along the

c. Determine the length of the barrel within the saturated zone. This may
be done by solving the following equation:

Ls = Y (Z + 4) (1 +(S /(0.25 - S))
where:

L-s = length of barrel in the saturated zone, meters (feet).
Y= the depth of water at the principal spillway crest,

meters (feet).
z= slope of the upstream face of embankment in Z

meters (feet) horizontal to one vertical.

s= slope of the barrel in meters per meter (feet per
feet).
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TABLE 14-4
CONCENTRIC TRASH RACK AND ANTI-VORTEX DESIGN TABLE

Riser Cylinder Minimum Top
Diameter,

lliameter Thickness,
Height, MinimumSize

inches inches SupportBar Thickness Stiffener
gage

12 18 16 6 #6 Rebar or 1.5 x 1.5 16 ga.
x3/16 angle (F&C)

15 21 16 7 ,, ,, ,! ,,

18 27 16 8 ,, ,, ,, ,,

21 30 16 11 !,,, 16 ga.(C),
14ga. (F)

24 36 16 13 ,, r, ,, ,,

27 42 16 15 ,, !, ,, ,,

36 54 14 17 #8 Rebar 14 ga.(C),
12 ga. (F)

42 60 16 19 ,, ,, ,! ,!

48 72 16 21 1.25” pipe or 1.25 x 14 ga.(C),
1.25 x 0.25 angle 10 ga. (F)

54 78 16 25 ,, t, ,, ,,

60 90 14 29 1.5” pipe or 1.5 x 1.5 12 ga.(C),
x 0.25 angle 8 ga. (F)

66 96 14 33 2“ pipe or 2 x 2 x 12 ga.(C), 2x2x0.25
3/16 angle 8 ga. (F) angle

wlstiffener

72 102 14 36 II !, !, ,, 2.5 X 2.5 X
0.25 angle

78 114 14 39 2.5” pipe or 2 x 2 x ,!!! ,, ,,

0.25 angle

84 120 12 42 2.5” pipe or 2.5 x 2.5 !, ,! 2.5 X 2.5 X
x 0.25 angle 5/16 angle

Note 1: The criterionfor sizing the cylinder is that the area between the inside of the cylinder and the
outside of the riser is equal to or greater than the area inside the riser. Therefore, the above table is
invalid for use with concrete pipe risers.

Note 2: Corrugation for 12“-36” pipe measures 2 2/3” x 1/2”; for 42’’-84” the corrugation measures 5“ x
1“ or 8 x l“.

Note 3: C = corrugated; F = flat.

Conversion Units: Millimeters = inches x 25.4
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14-6: NUMBER OF ANTI-SEEP COLLARS REQUIRED
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* - Metric Conversion : meters = feet x 0.3048

NUt13ER OF ANTI-SEEP COLLARS REQUIRED
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D. Enter Table 14-6 with Ls. Move horizontally right until one of the lines
is intersected. Move vertically until the correct line for barrel diameter
is intersected. Move horizontally right to read P, the size of the anti-

seep collar.

E. If more than one collar is used, the spacing between collars should be
14 times the projection of the collar above the barrel.

F. Collars should not be located closer than 600 millimeters (2 feet) to a
pipe joint.

xl. Anchoring the Principal Spillway

A. The principal spillway must be firmly anchored to prevent its floating.

B. If the riser is over 3 meters (1 O feet) high, the forces acting on the

spillway must be calculated. A method of anchoring the spillway which
provides a safety factor of 1.25 must be used (downward forces = 1.25
x upward forces).

c. If the riser is 3 meters (1 O feet) or less in height, choose one of the two
methods in Figure 14-7 to anchor the principal spillway.

X11. Dewatering

A. Refer to Figure 14-8 for details and orientation.

B. Calculation of the diameter of the dewaterinq orifice:

Use a modified version of the discharge equation for a vertical orifice
and a basic equation for the area of a circular orifice.

Naming the variables:

A= flow area of orifice, in square meters (square feet).
d = diameter of circular orifice, in millimeters (inches).
h = average driving head (maximum possible head

measured from radius of orifice to crest of principal
spillway divided bv 2), in meters (feet)

Q= volumetric flowrate through orifice needed to
achieve approximate 6-hour drawdown, cubic
meters per second (cubic feet per second).
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s= total storage available in dry storage area, cubic
meters (cubic feet).

Q= S /21,600 seconds

Use S for basin and find Q. Then substitute in calculated Q and find A:

A. Q

(64,32*+)+(0.6)

Then,

*

Note”-

substitute in calculated A and find d:

~*.2*(—
3A14)+

Diameter of dewatering orifice should never be less than 75 millimeters
(3 inches) in order to help prevent clogging by soil or debris.

Flexible tubing used should be at least 50 millimeters (2 inches) larger
in diameter than the calculated orifice to promote improved flow
characteristics.
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FIGURE 14-7: RISER PIPE BASE CONDITIONS
FOR EMBANKMENTS LESS THAN

3 METERS (10 FEET) HIGH

CONCRETEBASEFOR EMBANKMENT 3 METERS (10 feet) OR LESS IN HEIGHT

~~

-1 D

\

feet)OR LESS

STEEL BASE FOR EMBANKMENT 3 METERS (10 feet) OR LESS IN HEIGH

feet)OR LESS
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FIGURE 14-8: RECOMMENDED

FOR SEDIMENT
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wEr
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DIAMETERVAI?IFS

NOTE: WITH CONCRETE RISER, USE PVC SCHEDULE 40 STUB
FOR DEWATERING ORIFICE

*DRAINAGE TUBING SHALL COMPLY WITH ASTM F667
AND AASHTO M294
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TEMPORARY SEDIMENT BASIN DESIGN DATA SHEET

(with or without an emergency spillway)

Project

Basin # Location

Total area draining to basin: hectares (acres).

Basin Volume Design

Wet Storage:

1.

2.

3.

4.

5.

6.

Minimum required volume = 127 cubic meters per hectare x Total
Drainage Area (hectares).

127 m3/hectare x hectares = m3

(67 cubic yards per acre x acres = cubic yards)

Available basin volume = m’ at elevation
(From storage - elevation curve)

Excavate m3 to obtain required volume*.

* Elevation corresponding to required volume = invert of the dewatering orifice.

Available volume before cleanout required.

63 m’ per hectare x hectares = m3

(33 cubic yards per acre x acres = cubic yards)

Elevation corresponding to cleanout level =
(From Storage - Elevation Curve)

Distance from invert of the dewatering orifice to cleanout level = ft.

Min. = 0.3 meters (1.0 ft.)
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Dry Storage:

7. Minimum required volume = 127 cubic meters per hectare x Total
Drainage Area (hectares).

127 m3/hectare x hectares = m3

(67 cubic yards per acre x acres = cubic yards)

8. Total available basin volume at crest of riser* = m3 at elevation
(From Storage - Elevation Curve)

* Minimum = 254 cubic meters per hectare of total drainage area.
* Minimum = 134 cubic yards per acre of total drainage area.

9. Diameter of dewatering orifice = millimeters (mm).

10. Diameter of flexible tubing
plus 50 mm).

Preliminary Desiqn Elevations

11. Crest of Riser =

= mm (diameter of dewatering orifice

Top of Dam =

Design High Water =

Upstream Toe of Dam =

Basin Shape

12. Lenath of Flow ~ =

Effective Width We

If >2, baffles are not required

If <2, baffles are required

Runoff

13. Q, = cubic meters per second (ems)

14. (225 = cms
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Principal Spillwav Desian

15.

16.

17.

18.

19.

20.

With emergency spillway, required spillway capacity QP = Qz = ems.
(riser and barrel)

Without emergency spillway, required spillway capacity QP = Qz~ =
ems. (riser and barrel)

With emergency spillway:

Assumed available head (h) = m. (Using Q2)

h = Crest of Emergency Spillway Elevation - Crest of Riser Elevation

VVthout emergency spillway:

Assumed available head (h) = m. (Using Q2J

h = Design High Water Elevation - Crest of Riser Elevation

Riser diameter (D,) = mm Actual head (h) = m
(From Figure 14-3)
Note: Avoid orifice flow conditions.

Barrel length (1) = m

Head (H) on barrel through embankment
(From Table 14-1).

Barrel diameter = mm
(From Table 14-2 [concrete pipe] or Table 14-1 [corrugated pipe]).

Trash rack and anti-vortex device
Diameter = mm
Height = mm
(From Table 14-4).

Emerqency Spillwav Desiqn

21. Required spillway capacity Q, = Q2~ - QP = ems.

22. Bottom width (b) = m; the slope of the exit channel (s) = m/meter;

and the minimum length of the exit channel (x) = m (From Table

14-3).
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Anti-Seep Collar Desiqn

23. Depth of water at principal spillway crest (Y) = m

Slope of upstream face of embankment (Z) = :1.

Slope of principal spillway barrel (SJ = 0/0

Length of barrel in saturated zone (LJ = m

24. Number of collars required = dimensions =
(from Figure 14-6).

Final Desiqn Elevations

25. Top of Dam =

Design High Water =

Emergency Spillway Crest =

Principal Spillway Crest =

Dewatering Orifice Invert =

Cleanout Elevation =

Elevation of Upstream Toe of Dam
or Excavated Bottom of “Wet Storage
Area” (if excavation was performed) =
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BMP: TEMPORARY SLOPE DRAIN

Definition

A flexible tubing or conduit extending from the top to the bottom of a cut or fill slope.

Purpose

To temporarily conduct concentrated stormwater runoff safely down the face of a cut
or fill slope without causing erosion on or below the slope.

Conditions Where Practice Applies

On cut or fill slopes where there is a potential for upslope flows to move over the face
of the slope causing erosion and preventing adequate stabilization.

Plannina Considerations

There is often a significant lag between the time a cut or fill slope is completed and
the time a permanent drainage system can be installed. During this period, the slope
is usually not stabilized and is particularly vulnerable to erosion. This situation also
occurs on slope construction which is temporarily delayed before final grade is
reached. Temporary slope drains can provide valuable protection of exposed slopes

until permanent drainage structures can be installed or vegetation can be established.

Temporary slope drains can be used in conjunction with diversion dikes to convey
runoff from the entire drainage area above a slope to the base of the slope without

erosion. It is very important that these temporary structures ‘be installed properly,
since their failure will often result in severe gully erosion on the site and
sedimentation below the slope. The entrance section must be securely entrenched,
all connections must be watertight, and the conduit must be staked securely.
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Desiqn Criteria

Drainage Area-

The maximum allowable drainage area per slope drain is 2 hectares (5 acres).

Flexible Conduit-

The slope drain shall consist of heavy-duty, flexible material designed for this
purpose. The diameter of the slope drain shall be equal over its entire length.
Reinforced hold-down grommets shall be spaced at 3 meter (1O-foot) or less
intervals. Slope drains shall be sized as listed in Table 15-1.

TABLE 15-1
SIZE OF SLOPE DRAIN

Maximum Drainage Area Pipe Diameters

Hectares Acres millimeters inches

0.2 0.5 305 12

0.6 1.5 457 18

1.0 2.5 533 21

1.4 3.5 610 24

2.0 5.0 762 30

Entrance Sections-

The entrance to the slope drain shall consist of a standard flared end-section for
metal pipe culverts with appropriate inlet protection as set forth in CULVERT INLET
PROTECTION, BMP-8. If pending will cause a problem at the entrance and make
such protection impractical, appropriate sediment removing measures shall be taken
at the outlet of the pipe. Extension collars shall consist of 300 millimeter (12-inch)
long corrugated metal pipe. Watertight fittings shall be provided (See Figure 15-1).

Note: End-sections made of heavy-duty, flexible material may be utilized if
determined by the Plan-Approving Authority to provide a stable inlet or outlet
section.
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Dike Design-

An earthen dike shall be used to direct stormwater runoff into the temporary slope

drain and shall be constructed as set forth in DIVERSION, BMP-I 2. See Figure 15-1
for placement of dike in relation to the slope drain.

The height of the dike at the centerline of the inlet shall be equal to the diameter of
the pipe plus 150 millimeters (6 inches). Where the dike height is greater than 450
millimeters (18 inches) at the inlet, it shall be sloped at the rate of 3:1 or flatter to
connect with the remainder of the dike (see Figure 15-1).

Outlet Protection-

The outlet of the slope drain must be protected from erosion as set forth in OUTLET
PROTECTION, BMP-I 8.

Construction Specifications-

1.

2.

3.

4.

5.

6.

The measure shall be placed on undisturbed soil or well-compacted fill.

The entrance section shall slope toward the slope drain at the minimum rate
of 42 millimeters per meter (0.5 inches per foot).

The soil around and under the entrance section shall be hand-tamped in 200
millimeter (8-inch) lifts to the top of the dike to prevent piping failure around
the inlet.

The slope drain shall be securely staked to the slope at the grommets
provided.

The slope drain sections shall be securely fastened together and have
watertight fittings.

Install CULVERT INLET PROTECTION and OUTLET PROTECTION as per
BMP-8 and BMP-I 8, respectively.

Maintenance

The slope drain structure shall be inspected weekly and after every storm, and
repairs made if necessary. The contractor should avoid the placement of any
material on and prevent construction traffic across the slope drain.
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FIGURE 15-1: TEMPORARY SLOPE DRAIN
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BMP-16

BMP: PAVED FLUME

Definition

A permanent paved channel constructed on a slope.

Pumose

To conduct stormwater runoff safely down the face of a slope without causing
erosion problems on or below the slope.

Conditions Where Practice Applies

Wherever concentrated stormwater runoff must be conveyed from the top to the
bottom of cut or fill slopes on a permanent basis and a riprap-lined channel is not
capable of conveying the runoff without erosion.

Plannina-Considerations

Paved flumes are used routinely on highway cuts and fills to convey concentrated
stormwater runoff from the top to the bottom of the slope without erosion.
Standards and specifications have been developed for these structures which apply
to all secondary and primary highway construction projects.

Consideration must be given to protecting structures against buoyancy failures. The
potential for buoyancy failures due to hydrostatic uplift forces exists in channels
constructed in periodically saturated areas (basically all channels will experience
saturation of the subgrade by virtue of the function of the channel) and especially if
a submerged outfall condition exists.

Paved flumes should be utilized and constructed carefully. Field experience has
shown a significant amount of post-construction problems with these controls. If the
base contains some unsuitable material or is too “soft,” the flume will be subject to
undermining and fracturing. There are also many cases where the outlet velocities
and flow rates of stormwater which travels in a paved flume are so great that
erosion and flooding at the end of the structure are inevitable, no matter what type
of treatment is installed at the outlet. In these cases, strong consideration should be
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given to a riprapped channel or to a system of inlets, manholes, and pipe to safely
convey the stormwater to the receiving channel or drainage structure.

Desiqn Criteria

Capacity-

Paved flumes shall be capable of passing the peak flow expected from a 10-year
frequency storm.

Cross-Sections-

Figure 16-1 illustrates a typical trapezoidal cross-section of a standard paved flume.
Where additional flow capacity is required, larger trapezoidal cross-sections may be
designed. The following criteria apply to all trapezoidal flume designs:

1. The maximum slope of the structure shall be 1.5:1 (67%).

2. Curtain Walls shall be provided at the beginning and end of all paved flumes
not abutted to another structure. The curtain wall shall be as wide as the
flume channel, extend at least 450 millimeters (18 inches) into the soil below
the channel, and have a thickness of 150 millimeters (6 inches). Curtain
walls shall be reinforced with #4 reinforcing steel bars placed on 100
millimeter (4-inch) centers.

3. Anchor Luqs shall be spaced at a maximum of 3 meters (1O feet) on center
for the length of the flume. Where no curtain wall is required, an anchor lug

shall be installed within 600 millimeters (2 feet) of the end of the flume.
Anchor lugs are to be as wide as the bottom of the flume channel, extend at
least 300 millimeters (1 foot) into the soil below the channel, and have a
thickness of 150 millimeters (6 inches). Anchor lugs shall be reinforced with
#4 reinforcing steel bars placed on 100 millimeter (4-inch) centers.

4. The flume channel shall have at least a 100 millimeter (4-inch) thickness of
class A-3 concrete with welded wire fabric 150 mm X 150 mm (6 in X 6 in) -
(W2. I x W2.1) in the center for reinforcement.

5. Expansion Joints shall be provided approximately every 30 meters (90 feet).
At least 500 millimeter (18-inch) dowels of #4 reinforcing steel placed on 125
millimeter (5-inch) centers shall be located at all required joints.
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Outlet-

Outlets of paved flumes should be protected from erosion. The useof an energy
dissipator with OUTLET PROTECTION (BMP-I 8) is recommended in order to
temporarily reduce the existing velocity of the flow, thus preventing undermining of
the structure and providing a stable transition zone between the flume and the
receiving channel or drainage structure at the base of the slope. OUTLET
PROTECTION should still reutilized with the useof a standard energy dissipating
structure to further dissipate flow energy and to provide a smooth transition into the
receiving channel. Larger energy dissipator systems may be similarly designed for
larger flume cross-sections.

Construction Specifications

1.

2.

3.

The subgrade shall be constructed to the required elevations. All soft
sections and unsuitable material shall be removed and replaced with suitable
material. The subgrade shall be thoroughly compacted and shaped to a
smooth, uniform surface. The subgrade shall be moist at the time the
concrete is poured.

Anchor lugs and curtain walls shall be formed to be continuous with the
channel lining.

Traverse joints for crack control should be provided at approximately 6 meter
(20-foot) intervals and when more than 45 minutes elapses between
consecutive concrete placements. All sections should be at least 2 meters (6
feet) long, Crack control joints may be formed by using a 3 millimeter (l/8-
inch) thick removable template, by scoring or sawing to a depth of at least 20
millimeters (3/4 inch) or by an approved “leave-in” type insert.

Maintenance

Prior to permanent stabilization of the slope, the structure should be inspected after
each rainfall. Damages to the slope, flume or outlet area must be repaired
immediately. After the slope is stabilized, the structure should be inspected to
ensure continued adequate functioning (see potential problems noted in Planning
Considerations).
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BMP-17

BMP: STORMWATER CONVEYANCE CHANNEL

Definition

A permanent, designed waterway, shaped, sized, and lined with appropriate
vegetation or structural material used to safely convey stormwater runoff within or
away from a developing area.

Pumose

To provide for the conveyance of concentrated surface runoff water to a receiving
channel or system without damage from erosion.

Conditions Where Practice Applies

Generally applicable to man-made channels, including roadside ditches and
intermittent natural channels, that are constructed or are modified to accommodate
flows generated by land development. The implementation of this control should
come only after a channel adequacy analysis for capacity and velocity has been
performed. The measure should be installed and stabilized prior to the introduction
of post-development flows. This practice is not generally applicable to continuous
flowing natural streams. Major streams need full design considerations and
calculations. Provisions for protecting the banks of such streams are described in
VEGETATIVE STREAMBANK STABILIZATION, BMP-22 and STRUCTURAL
STREAMBANK STABILIZATION, BMP-23.

Planninq Considerations

The design of a channel cross-section and lining is based primarily upon the volume
and velocity of flow expected in the channel. If conditions are appropriate, grass or
riprap channels are preferred over concrete. While concrete channels are efficient
and easy to maintain, they remove runoff so quickly that channel erosion and
flooding often result downstream. Grass or riprap channels reduce this problem by
more closely duplicating a natural system.

Besides the primary design considerations of capacity and velocity, a number of
other important factors should be taken into account when selecting a cross-section
and lining. These factors include land availability, compatibility with land use and
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surrounding environment, safety, maintenance requirements, outlet conditions, and
soil erodibility factor. If the riprap design is chosen, filter fabric must be used to act
as a separator and stabilizer between the stone and the earth.

Cross-section design-

Vee-shaped ditches are generally used where the quantity of water to be handled is
relatively small, such as roadside ditches. A grass or sod lining will suffice where
velocities in the ditch are low. For steeper slopes where high velocities are
encountered, a riprap, concrete or bituminous concrete lining may be appropriate.

Parabolic channels are often used where the quantity of water to be handled is
larger and where space is available for a wide, shallow channel with low velocity
flow. Riprap should be used where higher velocities are expected and where some
dissipation of energy (velocity) is desired. Combinations of grass and riprap are
also useful where there is a continuous low flow in the channel.

Trapezoidal channels are often used where the quantity of water to be carried is
large and conditions require that it be carried at a relatively high velocity.
Trapezoidal ditches are generally lined with concrete or riprap.

Outlet design-

Outlet conditions for all channels must be considered. This is particularly important
for the transition from a man-made lining, such as concrete and riprap, to a
vegetated or nonvegetated lining. Appropriate measures must be taken to dissipate
the energy of the flow to prevent scour of the receiving channel. (See OUTLET
PROTECTION, BMP-I 8).

Capacity-

All channels shall be designed in accordance with accepted engineering practices.
If channel modifications are necessary, the capacity of the channel must be
sufficient to convey the 10-year frequency design storm (24-hour duration) without
overtopping the banks. If predevelopment flooding problems exist, the
consequences of flooding are severe, or drainage systems which convey larger
storms converge with the channel in question, consideration should be given to
increasing the capacity beyond the 10-year frequency storm capacity.

Velocity-

Channels should be designed so that the velocity of flow expected from a 2-year
frequency storm shall not exceed the permissible velocity for the type of lining used.
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While concrete-lined channels can usually be smaller than grass-lined channels, the
increased velocity will produce more erosion and flooding downstream.

Grass-lined channels provide good protection against erosion, while they provide an
aesthetic setting for conveyance of runoff. However, the velocities that grass linings
can handle are much lower than those which can be withstood by riprap or
concrete-lined channels. For grass linings, the type of vegetation chosen shall be
appropriate for the site conditions: i.e., drainage tolerance, shade tolerance,
maintenance requirements, etc. (See PERMANENT SEEDING, BMP-32 and
SODDING, BMP-33). Where there will be a base flow in grass-lined channels, a
stone center, a subsurface drain, or other suitable means to handle the base flow
shall be provided. Refer to RIPRAP, BMP-19 to choose the correct stone size and
for filter fabric specifications. Permissible velocities for grass-lined channels are
shown in Table 17-1.

Riprap-lined channels can be designed to withstand most flow velocities by choosing
a stable stone size. The procedures for selecting a stable stone size for channels
and installation is contained in BMP-19, RIPRAP. All riprap must be installed with a
filter fabric or qravel (aranular) underlining. Transition from a riprap lining to grass
and earth linings must be carefully designed to meet the allowable velocities of each
type of lining.

Concrete-lined channels are not usually limited in the velocity they can carry;
however, it should be kept in mind that the flow velocity at the outlet of the
section must not exceed the permissible velocity of the receiving channel.
OUTLET PROTECTION, BMP-18.

Depth-

paved
See

The design water surface elevation of a channel receiving water from diversions
other tributary channels shall be equal to or less than the design water surface
elevation of the diversion or other tributary channel at the point of intersection.

or

The top width of parabolic and vee-shaped, grass-lined channels shall not exceed 9
meters (30 feet), and the bottom width of trapezoidal, grass-lined channels shall not
exceed 5 meters (15 feet) unless multiple or divided waterways, riprap center, or
other means are provided to control meandering of low flows.

c-93



TABLE 17-1: PERMISSIBLE VELOCITIES FOR
GRASS LINED CHANNELS

o-5%

5-lo%

CHANNEL LINING PERMISSIBLE
SLOPE VELOCITY’

Bermudagrass 2 meters/see
(6 fl./sec)

Reed canarygrass 1.5 meters/see
Tall fescue (5 ft./see)
Kentucky bluegrass

Grass-1egume mixture 1.2 meters/see
(4 ft./see)

Red fescue
Redtop 0.75 meters/see
Sericea Iespedeza (2.5 ft./see)
Annual Iespedeza
Small grains (temporary)

Bermudagrass 1.5 meters/see
(5 ft./see)

Reed canarygrass 1.2 meters/see
Tall fescue (4 ft.lsec)
Kentucky bluegrass

Grass-legume misture 1 meter/see
(3 ft./see)

Bermudagrass 1.2 meters/see
(4 ft./see)

Greater than 10%
Reed canarygrass 1 meter/see
Tall fescue (3 ft.lsec)
Kentucky bluegrass

● forhighly erodible soils, permissible velocities should be

decreased by 25Y0. An erodibility factor (K) greater than

0.35 would indicate a highly erodible soil.
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Outlet-

The outlets of all channels shall be protected from erosion (see OUTLET
PROTECTION, BMP-I 8).

Construction Specifications

General-

1. All trees, brush, stumps, roots, obstructions and other unsuitable material
shall be removed and disposed of properly.

2. The channel shall be excavated or shaped to the proper grade and cross-
section.

3. Any fills shall be well compacted to prevent unequal settlement.

4. Any excess soil shall be removed and disposed of properly.

Grass-lined Channels-

The method used to establish grass in the ditch or channel will depend upon the
severity of the conditions encountered. The methods available for grass
establishment are set forth in PERMANENT SEEDINGS, BMP-32 and SODDING,
BMP-33.

Riprap-lined Channels-

Riprap shall be installed in accordance with RIPRAP, BMP-I 9.

Concrete-lined Channels-

Concrete-lined channels must be constructed in accordance with all acceptable
engineering specifications. The following items highlight those specifications:

1. The subgrade should be moist at the time the concrete is poured.

2. Traverse joints for crack control should be provided at approximately 6 meter
(20-foot) intervals and when more than 45 minutes elapses between
consecutive concrete placements. All sections should be at least 2 meters (6
feet) long. Crack control joints may be formed by using a 3 millimeter (l/8-
inch) thick removable template, by scoring or sawing to a depth of at least 20
millimeters (3/4 inch) or by an approved “leave-in” type insert.
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3. Expansion joints shall be installed every 30 meters (100 feet).

Maintenance

Grass-lined Channels-

During the initial establishment, grass-lined channels should be repaired immediately
and grass re-established if necessary. After grass has become established, the
channel should be checked periodically to determine if the grass is withstanding flow
velocities without damage. If the channel is to be mowed, it should be done in a
manner that will not damage the grass.

Riprap-lined Channels-

Riprap-lined channels should be checked periodically to ensure that scour is not
occurring beneath fabric underlining of the riprap layer. The channel should also be
checked to determine that the stones are not dislodged by large flows.

Concrete-lined Channels-

Concrete-lined channels should be checked periodically to ensure that there is no
undermining of the channel. Particular attention should be paid to the outlet of the
channel. If scour is occurring at the outlet, appropriate outlet protection shall be
installed. See OUTLET PROTECTION, BMP-I 8.

Sediment Deposition-

If the channel is below a high sediment-producing area, sediment should be trapped
before it enters the channel. Field experience has demonstrated that many newly
constructed conveyance channels become damaged and require costly repairs as a
result of improper upsiope controls. If sediment is deposited in a grass-lined
channel, it should be removed promptly to prevent damage to the grass. Sediment
deposited in riprap and concrete-lined channels should be removed when it reduces
the capacity of the channel.

C-96



BMP: OUTLET

Definition

BMP-18

PROTECTION

Structurally lined aprons or other acceptable energy dissipating devices placed at
the outlets ofpipes or paved channel sections.

Pur~ose

To prevent scour at stormwater outlets, to protect
minimize the potential for downstream erosion by
of concentrated stormwater flows.

the outlet structure, and to
reducing the velocity and energy

Conditions Where Practice Applies

Applicable to the outlets of all pipes and engineered channel sections.

Plannincl Considerations

The outlets of pipes and structurally lined channels are points of critical erosion
potential. Stormwater which is transported through man-made conveyance systems
at design capacity generally reaches a velocity which exceeds the capacity of the
receiving channel or area to resist erosion. To prevent scour at stormwater outlets,
a flow transition structure is needed which will absorb the initial impact of the flow
and reduce the flow velocity to a level which will not erode the receiving channel or
area.

The most commonly used device for outlet protection is a structurally lined apron.
These aprons are generally lined with riprap, grouted riprap or concrete. They are
constructed at a zero grade for a distance which is related to the outlet
the tailwater level.

Where flow is excessive for the economical use of an apron, excavated
basins may be used.

flow rate and

stilling
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Desiqn Criteria

The design of structurally lined aprons at the outlets of pipes and paved channel
sections applies to the immediate area or reach below the pipe or channel and does
not apply to continuous rock linings of channels or streams (See STORMWATER
CONVEYANCE CHANNEL, BMP-I 7). Notably, pipe or channel outlets at the top of
cut slopes or on slopes steeper than 10% should not be protected using just outlet
protection as a result of the reconcentration and large velocity of flow encountered
as the flow leaves the structural apron. Outlet protection shall be designed
according to the following criteria:

Pipe Outlets (See Figure 18-l)-

1. Tailwater depth: The depth of tailwater immediately below the pipe outlet
must be determined for the design capacity of the pipe. Manning’s Equation
may be used to determine tailwater depth. If the tailwater depth is less than
half the diameter of the outlet pipe, it shall be classified as a Minimum
Tailwater Condition. If the tailwater depth is greater than half the pipe
diameter, it shall be classified as a Maximum Tailwater Condition. Pipes
which outlet onto flat areas with no defined channel may be assumed to have
a Minimum Tailwater Condition.

2. Apron length: The apron length shall be determined from the curves
according to the tailwater condition:

Minimum Tailwater - Use Figure 18-2
Maximum Tailwater - Use Figure 18-3

3. Apron width: When the pipe discharges directly into a well-defined channel,
the apron shall extend across the channel bottom and up the channel banks
to an elevation 0.3 meters (1 foot) above the maximum tailwater depth or to
the top of the bank (whichever is less).

If the pipe discharges onto a flat area with no defined channel, the width of
the apron shall be determined as follows:

a. The upstream end of the apron, adjacent to the pipe, shall have a width
three times the diameter of the outlet pipe.

b. For a Minimum Tailwater Condition, the downstream end of the apron
shall have a width equal to the pipe diameter plus the length of the
apron.
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FIGURE 18-1: PIPE OUTLET CONDITIONS
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4.

5.

6.

7.

8.

c. For a Maximum Tailwater Condition, the downstream end shall have a
width equal to the pipe diameter plus 0.4 times the length of the
apron.

Bottom qrade: The apron shall be constructed with no slope along its length

(0.O’YOgrade). The invert elevation of the downstream end of the apron
shall be equal to the elevation of the invert of the receiving channel. There
shall be no overfall at the end of the apron.

Side slo~es: If the pipe discharges into a well-defined channel, the side
slopes of the channel shall not be steeper than 2:1 (horizontal: vertical).

Aliqnment: The apron shall be located so there are no bends in the horizontal
alignment.

Materials: The apron may be lined with riprap, grouted riprap, concrete, or
gabion baskets. The median sized stone for riprap shall be determined from

the curves in Figures 18-3 and 18-4, according to the tailwater condition.
The gradation, quality and placement of riprap shall conform to BMP-I 9,
RIPRAP.

Filter cloth: In all cases, filter cloth shall be placed between the riprap and
the underlying soil to prevent soil movement into and through the riprap.
The material must meet or exceed the physical properties for filter cloth

found in BMP-I 9, RIPRAP. See Figure 18-1 for orientation details.

Paved Channel Outlets (See Figure 18-4) -

1. The flow velocity at the outlet of paved channels flowing at design capacity
must not exceed the permissible velocity of the receiving channel (see
Tables 18-1 and 18-2).
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FIGURE 18-4: PAVED CHANNEL OUTLET
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2. The end of the paved channel shall merge smoothly with the receiving
channel section. There shall be no overfall at the end of the paved section.

Where the bottom width of the paved channel is narrower than the bottom
width of the receiving channel, a transition section shall be provided. The

maximum side divergence of the transition shall be 1 in 3F where;

where,

F = Froude number
v= Velocity at beginning of transition, meters/see (feet/see)

d= depth of flow at beginning of transition, meters (feet)
9 = 9.82 meters/sec.2 (32.2 feet/sec.2)

3. Bends or curves in the horizontal alignment at the transition are not allowed
unless the Froude number (F) is 1.0 or less, or the section is specifically
designed for turbulent flow.

C-104



BMP: RIPRAP

Definition

A permanent, erosion-resistant ground cover of large, loose, angular stone with filter
fabric or granular underlining.

PurRoses

1. To protect the soil from the erosive forces of concentrated runoff.

2. Toslow the velocity of concentrated runoff while enhancing the potential for
infiltration.

3, To stabilize slopes with seepage problems and/or non-cohesive soils.

Conditions Where Practice Aimlies

Wherever soil and water interface andthe soil conditions, water turbulence and
velocity, expected vegetative cover, etc., are such that the soil may erode under the
design flow conditions. Riprap may be used, as appropriate, at stormdrain outlets,
on channel banks and/or bottoms, roadside ditches, drop structures, at the toe of
slopes, as transition from concrete channels to vegetated channels, etc.

Planning.

Graded vs. Uniform Riprap-

Riprap is classified as either graded or uniform. A sample of graded riprap would
contain a mixture of stones which vary in size from small to large. A sample of
uniform riprap would contain stones which are all fairly close in size.

For most applications, graded riprap is preferred to uniform riprap. Graded riprap
forms a flexible self-healing cover, while uniform riprap is more rigid and cannot
withstand movement of the stones. Graded riprap is cheaper to install, requiring
only that the stones be dumped so that they remain in a well-graded mass. Hand or
mechanical placement of individual stones is limited to that necessary to achieve the
proper thickness and line. Uniform riprap requires placement in a more or less
uniform pattern, requiring more hand or mechanical labor.
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Riprap sizes can be designed by either the diameter or the weight of the stones. It
is often misleading to think of riprap in terms of diameter, since the stones should be
angular instead of spherical. However, it is simpler to specify the diameter of an
equivalent size of spherical stone. Table 19-1 lists some typical stones by weight,
spherical diameter and the corresponding rectangular dimensions. These stone
sizes are based upon an assumed specific weight of 2,645 kg/m3 (165 lbs./ft3).

Since graded riprap consists of a variety of stone sizes, a method is needed to
specify the size range of the mixture of stone. This is done by specifying a diameter
of stone in the mixture for which some percentage, by weight, will be smaller. For
example, d8~ refers to a mixture of stones in which 85?40of the stone by weight
would be smaller than the diameter specified. Most designs are based on d~O. In
other words, the design is based on the average size of stone in the mixture. Table
19-2 lists classes of standard graded riprap sizes by diameter and weight of the
stone.

TABLE 19-1
SIZE OF RIPRAP STONES

Weight

+

Kg Ibs

20 50

45 100

+

225 I 500

+

455 1000

680 1500

910 2000

3630 I 8000

9080 I 20000

Mean Spherical
Diameter

*

%-i+

0.6 I 1.9

*

0.9 I 2.8

+-l+
1.4 I 4.5

1.8 I 6.1

0,5 I 1.8 II 0.2 t 0.6

*I-%--I+
0.9 I 3.0 II 0,3 I 1.0

+--R-II%++
1.6 I 5.4 II 0.5 I 1.8

+-H-%-+
2,3 I 7.6 II 0,8 I 2.5

3.0 10.0 I 1.0 3.3
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To ensure that stone of substantial weiqht is used when implementing riprap
structures, specified weight ranges for individual stones and composition

requirements should be followed. Such guidelines will help to prevent inadequate
stone from being used in construction of the measures and will promote more
consistent stone classification statewide. Table 19-3 notes these requirements.

Sequence of Construction-

Since riprap is used where erosion potential is high, construction must be
sequenced so that the riprap is put in place with the minimum possible delay.
Disturbance of areas where riprap is to be placed should be undertaken only when
final preparation and placement of the riprap can follow immediately behind the
initial disturbance. Where riprap is used for outlet protection, the riprap should be
placed before or
is in place when

in conjunction with the construction of the pipe or channel so that it
the pipe or channel begins to operate.

Desiqn Criteria

Gradation-

The riprap shall be composed of a well-graded mixture down to the 25 millimeter
(l-inch) size particle such that 50% of the mixture by weight shall be larger than the
d50 size as determined from the design procedure. A well-graded mixture as used
herein is defined as a mixture composed primarily of the larger stone sizes but with
a suticient mixture of other sizes to fill the progressively smaller voids between the
stones. The diameter of the largest stone size in such a mixture shall be 1.5 times
the d~Osize.

TABLE 19-2
GRADED RIPRAP - DESIGN VALUES

Riprap Dl, Mean D1~Spherical Mean D~OSpherical
Class Weight Diameter Diameter

Kg Ibs m ft m ft

Class AI 11 25 0.2 0.7 0.3 0.9

Class I 23 50 0.2 0.8 0.3 1.1

Class II 68 150 0.4 1.3 0.5 1.6

Class Ill 227 500 0.6 1.9 0.7 2.2

Type I 680 1,500 0.8 2.6 0.9 2.8

Type II 2,725 6,000 1.2 4,0 1.4 4.5
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The designer, after determining the riprap size that will be stable under the flow
conditions, shall consider that size to be a minimum size and then, based on riprap
gradations actually available in the area, select the size or sizes that equal or exceed
the minimum size. The possibility of damage by children shall be considered in
selecting a riprap size, especially if there is nearby water or a gully in which to toss the

stones.

Thickness-

The minimum thickness of the riprap layer shall be 2 times the maximum stone
diameter, but not less than 150 millimeters (6 inches).

Quality of Stone-

Stone for riprap shall consist of field stone or rough unhewn quarry stone of
approximately rectangular shape. The stone shall be hard and angular and of such
quality that it will not disintegrate on exposure to water or weathering and it shall be
suitable in all respects for the purpose intended. The specific gravity of the individual
stones shall be at least 2.5.

Rubble concrete may be used provided it has
cubic meter (150 pounds per cubic foot), and
Best Management Practice.

a density of at least 2,400 kilograms per
otherwise meets the requirement of this

TABLE 19-3
GRADED RIPRAP - WEIGHT ANALYSIS

Riprap Weight Requirements for
Class/Type Range* Stone Mixture

Class Al 11-34 kg Max. 10’70>34 kg
(25-75 Ibs) (Max. 10% >75 Ibs)

Class I 23-68 kg 60% >45 kg
(50-150 Ibs) (60% >100 Ibs)

Class II 68-227 kg 50’%0~ 136 kg
(150-500 Ibs) (50% >300 Ibs)

Class Ill 227-681 kg 50% >409 kg
(500-1 ,500 Ibs) (50% >900 Ibs)

Type I 681-1,816 kg Av. wt. = 908 kg
(1,500-4,000 Ibs) (Av. wt. = 2,000 Ibs.)

Type II 2,724-9,080 kg Av. wt. = 3,632 kg
(6,000-20,000 Ibs) (Av. wt. = 8,000 Ibs.)

‘In all classes/types of riprap, a maximum 10% of the stone in
the mixture may weigh less than the lower end of the range.
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Filter Fabric Underlining-

A lining of engineering filter fabric (geotextile) shall be placed between the riprap and
the underlying soil surface to prevent soil movement into or through the riprap. Table
19-4 notes the minimum physical properties of the filter fabric.

Filter fabric shall not be used on slopes greater than 1.5:1 as slippage may occur and
should be used in conjunction with a layer of course aggregate (granular filter blanket
is described below) when the riprap to be placed is Class II or larger.

Granular Filter-

Although the filter cloth underlining or bedding is the preferred method of installation,
a granular (stone) bedding is a viable option when the following relationship exists:

d15fil ter d15fil ter

d85base
<5<

d15base
<40

and,

d50filter <40

d50base

In these relationships, filter refers to the overlying material and base refers to the
underlying material. The relationships must hold between the filter material and the
base material and between the riprap and the filter material. In some cases, more than
one layer of filter material may be needed. Each layer of filter material should be

approximately 150 millimeters (6-inches) thick.

Riprap at Outlets-

Design criteria for sizing the stone and determining the dimensions of riprap pads used
at the outlet of drainage structure are contained in OUTLET PROTECTION (BMP-18).
A filter fabric underlining is required for riprap used as outlet protection.
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TABLE 19-4
REQUIREMENTS FOR FILTER FABRIC USED WITH RIPRAP

Physical Property Test Method Requirements

Equivalent Corps of Engineers Equal or greater than
Opening Size Cwo 2215-77 U.S. No. 50 sieve

Tensile Strength* VTM-52 0.5 kg/linear
~)20% (maximum) millimeter (30 Ibs.flinear

minimum

Puncture Strength ASTM D751 * 36 kg (80 Ibs) (minimum)

* Tension testing machine with ring clamp, steel ball replaced with 7.9 millimeter
(5/16 inch) diameter solid steel cylinder with hemispherical tip centered within
the ring clamp.

Seams shall be equal in strength to basic material.

Additional fabric material or non-corrosive steel wire may be incorporated into
the fabric to increase overall strength.

Riprap for Channel Stabilization-

Riprap for channel stabilization shall be designed to be stable for the condition of bank-
full flow in the reach of channel being stabilized. This method establishes the stability
of the rock material relative to the forces exerted upon it.

Riprap shall extend up the banks of the channel to a height equal to the maximum
depth of flow or to a point where vegetation can be established to adequately protect
the channel.

The riprap size to be used in a channel bend shall extend upstream from the point of
curvature and downstream from the bottom of the channel to a minimum depth equal
to the thickness of the blanket and shall extend across the bottom of the channel the
same distance (see Figure 19-1).
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Freeboard and Height of Bank-

For riprapped and other lined channels, the height of channel lining above the water
surface should be based on the size of the channel, the flow velocity, the curvature,
inflows, wind action, flow regulation, etc.

The height of the bank above the water surface varies in a similar manner, depending
on the above factors plus the type of soil.

Figure 19-2 is based on information developed by the U.S. Bureau of Reclamation for
~ freeboard and bank height in relation to channel capacity. This chart should
be used by the designer to obtain a minimum freeboard for placement of riprap and top
of bank.

Riprap for Slope Stabilization-

Riprap for slope stabilization shall be designed so that the natural angle of repose of
the stone mixture is greater than the gradient of the slope being stabilized (see Figure
19-3).

Riprap for Lakes and Ponds Subject to Wave Action-

Riprap used for shoreline protection on lakes and ponds may be subject to wave
action. The waves affecting the shoreline may be wind-driven or created by boat
wakes.

Riprap for Installations Subject to Tidal and Wave Action-

A riprap design for shoreline protection in tidal areas must meet all applicable state and
federal requirements and should be carried out by a qualified professional.

Construction Specifications

Subgrade Preparation: The subgrade for the riprap or filter shall be prepared to the
required lines and grades. Any fill required in the subgrade shall be compacted to a
density approximately that of the surrounding undisturbed material. Brush, trees,
stumps and other objectionable material shall be removed.
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FIGURE 19-1: TOE REQUIREMENTS FOR
BANK STABILIZATION

FILTER CLOTH UNDERLINER (PREFERRED)

=%2& /TFILTER CLOTH

150-i?30mm(6-91n.) ‘~

“e
FILTER CLOTH

COARSE AGGREGATE
MIN. THICKNESS = 1S0 mm (6 In.)
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FIGURE 19-2: RECOMMENDED FREEBOARD AND
HEIGHT OF BANK OF LINED CHANNELS
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FIGURE 19-3: ANGLE OF REPOSE FOR RIPRAP STONES

45 “1:1

- 1%:1

– 2:1

0.25 mm 2.54mm 25 mm
0.01 in. 0.1 in. 10 in.

MEAN DIAMETER

Filter Fabric or Granular Filter: Placement of
immediately after slope preparation. For granular
in a uniform layer to the specified depth, normally

254 mm
10 in.

the filter fabric should be done
filters, the stone should be spread
150 millimeters (6 inches). Where

more than one- layer of filter material is used, the layer should be spread so that there
is minimal mixing of the layers.

When installing geotextile filter cloths, the cloth should be placed directly on the
prepared slope. The edges of the sheets should overlap by at least 300 millimeters (12
inches). Anchor pins, 400 millimeters (15 inches) long, should be spaced every meter
(3 feet) along the overlap. The upper and lower ends of the cloth should be buried at
least 300 millimeters. Care should be taken not to damage the cloth when placing the
riprap. If damage occurs, that sheet should be removed and replaced. For large stone
(Class II or greater), a 150 millimeter (6-inch) layer of wanular filter will be necessarv
to prevent damage to the cloth.

Stone Placement: Placement of riprap should follow immediately after placement of the
filter, The riprap should be placed so that it produces a dense well-graded mass of
stone with a minimum of voids. The desired distribution of stones throughout the mass
may be obtained by selective loading at the quarry, controlled dumping of successive
loads during final placing, or by a combination of these methods. The riprap should be
placed to its full thickness in one operation. The riprap should not be placed in layers.
The riprap should not be placed by dumping into chutes or
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similar methods which are likely to cause segregation of the various stone sizes. Care
should be taken not to dislodge the underlying material when placing the stones.

The finished slope should be free of pockets of small stone or clusters of large stones.
Hand placing may be necessary to achieve the required grades and a good distribution
of stone sizes. Final thickness of the riprap blanket should be within plus or minus 1/4
of the specified thickness.

Maintenance

Once a riprap installation has been completed, it should require very little maintenance.
It should, however, be inspected periodically to determine if high flows have caused
scour beneath the riprap or filter fabric or dislodged any of the stone. Care must be
taken to properly control sediment-laden construction runoff which may drain to the
point of the new installation. If repairs are needed, they should be accomplished

immediately.
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BMP-20

BMP: ROCK CHECK DAMS

Definition

Small temporary stone dams constructed across a swale or drainage ditch,

PurDose

To reduce the velocity of concentrated stormwater flows, thereby reducing erosion of
the swale or ditch. This practice also traps sediment generated from adjacent areas
or the ditch itself, mainly by pending of the stormwater runoff. Field experience has
shown it to perform more effectively than silt fences or straw bales in the effort to
stabilize “wet-weather” ditches.

Conditions Where Practice Applies

This practice, utilizing a combination of stone sizes, is limited to use in small open
channels which drain 4 hectares (10 acres) or less. It should not be used in a live
stream as the objective should be to protect the live watercourse. Some specific
applications include:

1. Temporary ditches or swales which, because of their short length of service,
cannot receive a non-erodible lining but still need protection to reduce erosion.

2. Permanent ditches or swales which, for some reason, cannot receive a
permanent non-erodible lining for an extended period of time.

3. Either temporary or permanent ditches or swales which need protection during
the establishment of grass linings.

4. An @@ in the sediment trapping strategy for a construction site. This practice
is not a substitute for major perimeter trapping measures such as a SEDIMENT
TRAP (BMP-I 3) or a SEDIMENT BASIN (BMP-14).
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Planninq Considerations

Check dams are effective in reducing flow velocity and thereby the potential for channel
erosion. It is usually better to establish a protective vegetative lining before flow is
confined or to install a structural channel lining than to install check dams. However,
under circumstances where this is not feasible, check dams are useful.

Check dams installed in grass-lined channels may kill the vegetative lining if
submergence after rains is too long and/or silting is excessive.

If check dams are used in grass-lined channels which will be mowed, care should be
taken to remove all the stone when the dam is removed. This should include any stone
which has washed downstream.

As previously mentioned, they have been found to be an effective aid in trapping

sediment particles by virtue of their ability to pond runoff.

Specifications

No formal design is required for a check dam; however, the following criteria should be
adhered to when specifying check dams:

1. The drainage area of the ditch or swale being protected shall not exceed 8,000
square meters (2 acres) when coarse aggregate is used alone and shall not
exceed 40,500 square meters (1O acres) when a combination of Class I Riprap
(added for stability) and coarse aggregate is used. Refer to Figure 20-1 for
orientation of stone and a cross-sectional view of the measure. An effort should
be made to extend the stone to the top of channel banks.

2. The maximum height of the dam shall be 1 meter (3 feetl.

3. The center of the check dam must be at least 150 millimeters (6 inches) lower
than the outer edges. Field experience has shown that many dams are not
constructed to promote this “weir” effect. Stormwater flows are then forced to
the stone-soil interface, thereby promoting scour at that point and subsequent
failure of the structure to perform its intended function.

4. For added stability, the base of the check dam

approximately 150 millimeters (6 inches).

5. The maximum spacing between the dams should
upstream dam is at the same elevation as the top

can be keyed into the soil

be such that the toe of the
of the downstream dam.
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6. Stone should be placed according to the configuration in Figure 20-1. Hand or
mechanical placement will be necessary to achieve complete coverage of the

ditch or swale and to insure that the center of the dam is lower than the edges.

7. Filter cloth may be used under the stone to provide a stable foundation and to
facilitate the removal of the stone. See BMP-I 9, RIPRAP, for required physical
properties of the filter cloth.

Sediment Removal

Sediment should be removed from behind the check dams when it has accumulated,
to one half of the original height of the dam.

Removal of Practice

Unless they will be incorporated into a permanent stormwater management control,
check dams must be removed when their useful life has been completed. In temporary
ditches and swales, check dams should be removed and the ditch filled in when they
are no longer needed. In permanent structures, check dams should be removed when
a permanent lining can be installed. In the case of grass-lined ditches, check dams
should be removed when the grass has matured sufficiently to protect the ditch or
swale. The area beneath the check dams should be seeded and mulched immediately
after they are removed. The use of filter cloth underneath the stone will make the
removal of the stone easier.

Maintenance

Check dams should be checked for sediment accumulation after each runoff-producing
storm event. Sediment should be removed when it reaches one half of the original
height of the measure.

Regular inspections should be made to insure that the center of the dam is lower than
the edges. Erosion caused by high flows around the edges of the dam should be

corrected immediately.

C-118



FIGURE 20-1: ROCK CHECK DAM
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BMP: LEVEL SPREADER

Definition

An outlet for dikes and diversions consisting of an excavated depression
constructed at zero grade across a slope.

Pur~ose

To convert concentrated runoff to sheet flow and release it uniformly onto areas

stabilized by existing vegetation.

Conditions Where Practice A~~lies

Where there is a need to divert stormwater away from disturbed areas to avoid
overstressing erosion control measures; where sediment-free storm runoff can be
released in sheet flow down a stabilized slope without causing erosion.

This practice applies only in those situations where the spreader can be
constructed on undisturbed soil and the area below the level lip is uniform with a
slope of 10OXJor less and is stabilized by natural vegetation. The runoff water
should not be allowed to reconcentrate after release unless it occurs during

interception by another measure (such as a permanent pond or detention basin)
located below the level spreader.

Plannina Considerations

The TEMPORARY DIVERSION DIKE, (BMP-9) and the TEMPORARY RIGHT-OF-
WAY DIVERSION, (BMP-I 1) each call for a stable outlet for concentrated
stormwater flows. The level spreader is a relatively low-cost structure to release
small volumes of concentrated flow where site conditions are suitable.
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The outlet area must be uniform and well-vegetated with slopes 10% or less.

Particular care must be taken to construct the outlet lip completely level in a

stable, undisturbed soil. Any depressions in the lip will concentrate the flow,
resulting in erosion. Under higher design flow conditions, a rigid outlet lip design
should be used to create the desired sheet flow conditions. Runoff water



containing high sediment loads must be treated

before being released to a level spreader.
in a sediment trapping device

Desian Criteria

No formal design is required. The following criteria must be met:

Spreader Dimensions-

Determine the capacity of the spreader by estimating
a 10-year storm (Qlo).

Select the appropriate length, width and depth of the

the peak flow expected from

spreader from Table 21-1.

For design flows greater than 0.6 cubic meters per second (20 cfs), the measure
should be designed by a qualified engineer.

A 6 meter (20-foot) transition section should be formed in the diversion channel so

that the width of the diversion will smoothly tie in with the width of the spreader
to ensure more uniform outflow.

The depth of the level spreader, as measured from the lip, shall be at least 155
millimeters (6 inches). The depth may be made greater to increase temporary
storage capacity, improve trapping of debris and to enhance settling of any

suspended solids.

TABLE 21-1
MINIMIJM DIMENSIONS FOR LEVEL SPREADER. . .. . . . . . . . . . . . .. .. —..- .—.-—- —--—— -———

Design Flow Depth Width of Lower Length

Q—10 Side Slope of
Spreader

m3/sec Cfs m ft m ft m ft

0-0.3 0-1o 0,15 0.5 1.8 6 3 10

0.3-0.6 10-20 0.18 0.6 1.8 6 6 20
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Grade-

1. The grade of the channel for the last 6 meters (20 feet) of the dike or
diversion entering the level spreader shall be less than or equal to 1VO.

2. The grade of the level spreader channel shall be OYO.

Spreader Lip-

Therelease of the stormwater will beoverthe level lip onto an undisturbed well-
vegetated area with a maximum slope of 10?40. The level lip should be of uniform
height and zero grade over the length of the spreader.

The level spreader lip may be stabilized by vegetation or may be of
erodible material depending on the expected design flow:

Desian Flow
Spreader lip m3/sec m
Vegetated 0 -0.1 0-4
Rigid 0.1 -0.6 5-20

A vegetated level lip must be constructed with an erosion-resistant

a rigid non-

material, such
as jute or excelsior blankets, to inhibit erosion and allow vegetation to become
established.

For higher design flows and permanent installations, a rigid lip of non-erodible

material, such as pressure-treated timbers or concrete curbing, should be used.

Construction Specifications

1. Level spreaders must be constructed on undisturbed soil (not fill material).

2. The entrance to the spreader must be shaped in such a manner as to insure
that runoff enters directly onto the 0% channel.

3. Construct a 6 meter (20-ft) transition section from the diversion channel to
blend smoothly to the width and depth of the spreader.

4. The level lip shall be constructed at 0% arade to insure uniform spreadina of

stormwater runoff.
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5.

6.

7.

8.

Protective covering forvegetated lipshould be a minimum of 1 meter(4
feet) wide extending 150 millimeters (6 inches) over the lip and buried 150
millimeters (6 inches) deep in a vertical trench on the lower edge. The upper

edge should butt against smoothly cut sod and be securely held in place

with closely spaced heavy duty wire staples.

Rigid level lip should be entrenched at least 50 millimeters (2 inches) below
existing ground and securely anchored to prevent displacement. An apron of
Coarse Aggregate should be placed to top of level lip and extended
downslope at least 1 meter (3 feet). Place filter fabric under stone and use
galvanized wire mesh to hold stone securely in place.

The released runoff must outlet onto undisturbed stabilized areas with slope
not exceeding 10’YO. Slope must be sufficiently smooth to preserve sheet
flow and prevent flow from concentrating.

Immediately after its construction, appropriately seed and mulch the entire

disturbed area of the spreader.

Maintenance

The measure shall be inspected after every rainfall and repairs made, if required.
Level spreader lip must remain at 0% slope to allow proper function of measure.
The contractor should avoid the placement of any material on and prevent
construction traffic across the structure. If the measure is damaged by
construction traffic, it shall be repaired immediately.
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BMP-22

BMP: VEGETATIVE STREAMBANK STABILIZATION

Definition

Theuse of vegetation in stabilizing streambanks.

Purr30se

To protect streambanks form the erosive forces of flowing water.

Conditions Where Practice Applies

Along banks in creeks, streams and rivers subject to erosion from excess runoff.
This practice is generally applicable where bankfull flow velocity does not exceed
1.5 meters per second (5ft./sec) and soils are erosion resistant. Above 1.5 meters
per second, structural measures are generally required. This practice does not
apply where tidal conditions exist.

Plannina Considerations

A primary cause of stream channel erosion is the increased frequency of bank-full
flows which often result from upstream development. Most natural stream channels
are formed with a bank-full capacity to pass the runoff from a storm with a 11/2 to 2-
year recurrence interval. However, in a typical urbanizing watershed, stream
channels are subject to a 3 to 5-fold increase in the frequency of bank-full flows. As
a result, stream channels that were once parabolic in shape and covered with
vegetation are often transformed into wide rectangular channels with barren banks.

In recent years, a number of structural measures have evolved to strengthen and
protect the banks of rivers and streams. These methods, if employed correctly,
immediately insure a satisfactory protection of the banks. However, many such
structures are expensive to build and to maintain and frequently cause downstream
velocity problems. Without constant upkeep, they are exposed to progressive
deterioration by natural agents. The materials used often prevent the re-
establishment of native plants and animals, especially when the design is executed
according to standard cross-sections which ignore natural variations of the stream
system. Very often these structural measures destroy the appearance of the site.
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In contrast, the utilization of living plants instead of or in conjunction with structures
has many advantages. The degree of protection, which may be low to start with,
increases as the plants grow and spread. The repair and maintenance of structures
is unnecessary where self-maintaining streambank plants are established. The
protection provided by natural vegetation is more reliable and effective where the
cover consists of natural pIant communities which are native to the site. Planting
vegetation is less damaging to the environment than installing structures.
Vegetation also provides habitat for fish and wildlife and is aesthetically pleasing.
Plants provide erosion protection to streambanks by reducing stream velocity,
binding soil in place with a root mat and covering the soil surface when high flows
tend to flatten vegetation against the banks. For these reasons, vegetation should
always be considered first.

One disadvantage of vegetation is that it lowers the carrying capacity of the channel,
which may promote flooding. Therefore, maintenance needs and the consequences
of flooding should be considered. The erosion potential for the stream needs to be
evaluated to determine the’ best solutions. The following items should be
considered in the evaluation:

1. The

2. The

3. The

frequency of bankfull flow based on anticipated watershed development.

channel slope and flow velocity, by design reaches.

antecedent soil conditions.

4. Present and anticipated channel roughness (“n”) values.

5. The location of channel bends along with bank conditions.

6. The location of unstable areas and trouble spots. Steep channel reaches,
high erosive banks and sharp bends may require structural stabilization
measures such as riprap, while the remainder of the streambank may require
only vegetation.

Where streambank stabilization is required and velocities appear too high for the
use of vegetation, one should consider structural measures (see BMP-23,
STRUCTURAL STREAMBANK STABILIZATION) or the use of permanent erosion
control matting (see BMP-36, SOIL STABILIZATION MATTING). Notably, u
applicable approval or permits from other state or federal aqencies must be obtained
prior to workinq in such areas.
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Vegetation Zones Along Watercourses-

At the edge of all natural watercourses, plant communities exist in a characteristic
succession of vegetative zones, the boundaries of which are dependent upon site
conditions such as the steepness and shape of the bank and the seasonal and local
variations in water depth and flow rate. Streambanks commonly exhibit the
following zonation:

1. Aquatic Plant Zone - This zone is normally permanently submerged. In Mid-
Atlantic states, this zone is inhabited by plants such as pondweeds and water
lilies, which reduce the water’s flow rate by friction. The roots of these plants
help to bind the soil, and they further protect the channel from erosion
because the water flow tends to flatten them against the banks and bed of the
stream.

2. Reed-Bank Zone - The lower part of this zone is normally submerged for only
about half the year. In Mid-Atlantic states, this zone is inhabited by rushes,
reed grasses, cattails, and other plants which bind the soil with their roots,
rhizomes and shoots and slow the water’s flow rate by friction.

3. Shrub Zone - This zone is flooded only during periods of average high water.
In Mid-Atlantic states, the shrub zone is inhabited by trees and shrubs--such
as willow, alder, dogwood and viburnum--with a high regenerative capacity.
These plants hold the soil with their root systems and slow water speed by
friction. They also protect tree trunks from damage caused by breaking ice
and help to prevent the formation of strong eddies around large trees during
flood flows. Shrub zone vegetation is particularly beneficial along the impact
bank of a stream meander, where maximum scouring tends to occur.
Infringement of shrub vegetation into the channel tends to reduce the channel
width, increasing probability of floods. However, brief flooding of riverside
woods and undeveloped bottomlands does no significant damage, and the silt
deposits in these wooded areas are less of a problem than failed banks.

4. Tree Zone - This zone is flooded only during periods of very high water (i.e.,
the 2 year bank-full flow or greater flows). Typical plants in the Mid-Atlantic
states are trees in the ashelm, alder-ash, and oak-hornbeam associations.
These trees hold soil in place with their root systems.
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Desiqn Criteria

Table 22-1 provides general guidelines for maximum allowable velocities in streams
to be protected by vegetation.

1. Ensure that channel bottoms are stable before stabilizing channel banks.

2. Keep velocities at bankfull flow non-erosive for the site conditions.

3. Provide mechanical protection such as rip-rap on the outside of channel
bends if bankfull stream velocities approach the maximum allowable for site
conditions.

4. Be sure that requirements of other state or federal agencies are met in the
design in the case that other approvals or permits are necessary.

TABLE 22-1
CONDITIONS WHERE VEGETATIVE

STREAMBANK STABILIZATION IS ACCEPTABLE

Frequency of Bankfull Max. Allowable Velocity Max. allowable Velocity
Flow in meters per second in meters per second

(m/see) for Highly (m/see) for Erosion
Erodible Soil Resistant Soil

[
> 4 times/yr. 1.2 m/see (4 ft/see) 1.5 m/see (5 fthec)

i 1
1 to 4 times/yr. 1.5 m/see (5 ftkec) 1.8 m/see (6 ftkec)

I 1

1 < 1 time/yr. 1.8 m/see (6 ftkec) 1.8 m/see (6 ft/see)

Plantina Guidelines

Guidelines will be presented only for the reed-bank and shrub zones. The aquatic
plant zone is difficult to implant and establish naturally when reed-bank vegetation is
present. There are presently many experts in this field at the federal, state, and
private sector levels who can be consulted concerning successful establishment of
plants in the aquatic zone. The tree zone is least significant in terms of protecting
banks from more frequent erosion-force flows, since this zone is seldom flooded.
Also, shade from trees in this zone can prevent adequate establishment of
vegetation in other zones.
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1. Establishing Reed-Bank Vegetation

There are various ways of planting reed-bank vegetation. The following
plants are considerable suitable:

Common Reed (Phragmites communis)

Reed Canary Grass (Phalaris arundinacae)

Great Bulrush

Common Cattail

The greatest protection seems

(Scirpus Iacustris)

(Typha Iatifolia)

to be provided by the Common Reed. It is a very
robust plant whose stems become woody in the autumn, resulting in continued
protection during the winter. Because the shoots and rhizomes are deeply and
strongly rooted and densely intertwined, they bind the soil more firmly than any
other reed. The stems and roots have dormant buds at the nodes and are capable
of sprouting when planted. However, the Common Reed does grow high and thick,
and periodic maintenance may be needed in order to achieve a neat appearance.

a. Plantinq in Clumps: The oldest and most common method of planting
reeds is planting in clumps. The stems of the reed colony are scathed.
Then square clumps are cut out of the ground and placed in pits
prepared in advance on the chosen site. The clumps are planted at a
depth where they will be submerged to a maximum of two-thirds of
their height.

b. Plantina Rhizomes and Shoots: Less material is needed for the
planting of rhizomes and shoots, a procedure which can be used to
establish the Common Reed, Reed Grass, Bulrush, Cattail and other
plants. Slips are taken from existing beds during the dormant season,
after the stems have been cut. Rhizomes and shoots are carefully
removed from the earth without bruising the buds or the tips of the
sprouts. They are placed in holes or narrow trenches, along the line of
the average summer water level, so that only the stem sprouts are
showing above the soil.

c. Plantina Stem Slips: It is possible to plant stem slips of the Common
Reed along slow-moving streams. Usually, three slips are set in a pit
0.3 to 0.5 meters (1 to 0.8 feet) deep. If the soil is packed or strong,
the holes must be made with a dibble bar or some other metal planting
tool. The pits should be located approximately 0.3 meters (1 foot)
apart.
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d. Reed Rolls: In many cases, the previously described methods do not
consolidate the banks sufficiently during the period immediately after
planting. Combined structures have therefore been designed, in which
protection of the bank is at first insured by structural materials. Along
slow to fairly fast streams, the most effective method of establishing
reed-bank vegetation has been found to be the use of Reed Rolls. A
trench 0.5 meters (1.5 feet) wide and deep is dug behind a row of
stakes. Wire netting, such as 13 millimeter (0.5 inch) hardware cloth,
is then stretched from both sides of the trench between upright planks.
Onto this netting is dumped fill material such as coarse gravel, sod, or
soil and other organic material. This material is then covered by reed
clumps until the two edges of the wire netting can just be held together
with wire. The upper edge of the roll should be no more than 50
millimeters (2 inches) above the level of the water. Finally, the planks
are taken out, and any gaps along the sides of the roll are filled in with
earth. This method provides greater protection from the possibility of a
heavy flow washing away the vegetative materials before they have a
chance to become established.

e. Seedina: Reed Canary Grass can be sown 13 millimeters (0.5 inches)
deep on very damp bank soil, provided that the seeded surface is not
covered by water for six months after sowing. Seed at a rate of 2.2-
2.8 kg/ha (12-1 5 lbs/acre). Reed Canary Grass is a cool season grass
and should not be seeded in the summer.

f. Vegetation and Stone Facinq Reed-bank and other types of
vegetation can be planted in conjunction with rip-rap or other stone
facing by planting clumps, rhizomes or shoots in the crevices and gaps
along the line of the average summer water level.

2. Establishing Shrub Zone Vegetation: Stands of full-grown trees are of little
use for protecting streambanks apart from the binding of soil with their roots.
Shrubwood provides much better protection; and in fact, riverside stands of
willow trees are often replaced naturally by colonies of shrub-like willows.
Plants should be used which can easily adapt to the stream and site
conditions.

a. Seeding and Soddinq: Frequently, if the stream is small and a good
seedbed can be prepared, grasses can be used alone to stabilize the
streambanks. To seed the shrub zone, first grade eroded or steep
streambanks to a maximum
greater than 100 millimeters
whenever possible. Topsoil
mixtures should be selected

slope of 2:1 (3:1 preferred). Existing trees
(4 inches) in diameter should be retained
should be conserved for reuse. Seeding
and operations performed according to
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BMP-32, PERMANENT SEEDING. Some type of erosion control
blanket, such as jute netting, excelsior blankets, or equivalent should
be installed according to BMP-36, SOIL STABILIZATION BLANKETS &
MATING. Sod can also be placed in areas where grass is suitable.
Sod should be selected and installed according to BMP-33, SODDING.
Turf should only be used where the grass will provide adequate
protection, necessary maintenance can be provided, and establishment
of other streambank vegetation is not practical or possible,

b. Planting Cuttinqs and Seedlinqs: Shrub willows, shrub dogwoods and
alders can be put into the soil as cuttings, slips or stems. In dense
shade, shrubs such as the Blue Arctic Willow (Salix purpurea nana)
and the Silky Dogwood (Cornus amomum) or evergreen ground covers
such as Lily Turf (Liriope Muscari) or Hail’s Honeysuckle (Linicera
halisiana) are appropriate. The Silky Dogwood also works well in
sunny areas. On larger streams, “Streamco” Purpleosier Willow (Salix
purpurea “Streamco”) and Bankers’ Dwarf Willow (Salix x Cotteti) have
been widely used with success. Two native river alders (Alnus
serrulata and Alnus rugosa), which occur throughout the northeast, also
show great promise for streambank stabilization, although they have
not been fully tested. Again, the first step in the planting process is to
grade eroded or steep slopes to a maximum slope of 2:1 (3:1
preferred), removing overhanging bank edges.

Willows can be planted as 1-year old, nursery-grown, rooted cuttings or
as fresh hardwood cuttings gathered from local mother-stock plantings.
Silky Dogwood and the alders should be nursery-grown seedlings 1 or
2 years old. Fresh cuttings should be 10 to 13 millimeters (3/8- to l/2-
inch) thick and 300 to 450 millimeters (12 to 18 inches) long. They
should be kept moist. If not used at once, they should be stored in
cool moist sand.

Streambanks are often difficult to plant, even when they are well-
sloped. This is especially true in gravelly or strong banks. Where
mattocks or shovels are unsatisfactory tools, a stiff steel bar, such as a
crowbar, is better. The best tool for this purpose is a dibble bar, a
heavy metal tool with a blade and a foot pedal. It is thrust into the
ground to make a hole for the plant.
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Rooted cuttings should be planted vertically in the bank with 25 or 50
millimeters (1 or 2 inches) of wood protruding above the ground
surface. They should be stuck in a hole large enough to accommodate
the root system when well spread. The plant roots must be
maneuvered into the bottom of the hole so they will grow down instead



of up. The roots should not be twisted, nor should they be exposed
above the ground surface. After the plant is placed, the dibble bar can
be instaIled a few inches away from the plant to close the hole. Slow-
release fertilizer should be applied on the surface, not in the hole. The
soil should be tamped adequately to provide complete contact between
the soil and the cutting. Cuttings should be planted 0.3 meters (1 foot)
on center in at least 3 rows located at the top, middle and bottom of
the shrub zone.

Plant seedings of the river alders vertically in the bank to the depth
they were growing in the nursery. Use the same procedure described
previously. Plant one row of alders at 0.6 meter (2-foot) intervals at the
base of the shrub zone, not more than 0.5 to 1 meters (1.5 to 3 feet)
from the average summer water level or from the reeds. A greater
distance is of no use unless a belt of tall perennial herb colonies is
established between the reeds and the alders. Plant the next row 0.3
meters (2 feet) up the slope, with a third row 1.2 meters (4 feet) up the
slope. Plant at least 3 rows. Locate the plants in a diamond pattern.

Since these plants are generally not effective for the first two years,
grasses can be seeded immediately following their planting to provide
initial streambank protection.

The seedbed should be roughened with rakes and fertilized with 90 to
180 kg/hectare (500 to 1000 pounds per acre) of 10-10-10, adjusted to
meet the needs of the site. Special care should be used when
fertilizing next to water sources to avoid any unnecessary introduction
of nitrogen/phosphorus into the water. Seed should be broadcast,
covered lightly and mulched with 735 kg of straw per hectare (4,000 Ibs
per acre) approximately 2-3 bales per 100 square meters or a minimum
of 275 kilograms of wood fiber mulch per hectare (1500 pounds per
acre), although it is prefrred to use 370 kilograms per hecatare (2000
pounds per acre). If straw is used, it should be properly anchored with
netting or an effective tackifier. Erosion control blankets/mats are often
very effective aids in the establishment of grasses or plant material
along streambanks (see BMP-36, SOIL STABILIZATION BLANKETS &
MATTING).

Willows and other softwoods can also be bound together in
various ways in order to insure immediate protection of the
streambank.
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c. Fascine Rolls: Fascine rolls are bundles of brushwood and sticks,
without branches if possible, that are filled with coarse gravel and
rubble and wired tightly around the outside. They are 4 to 18 meters
(12 to 60 feet) long and 100 to 400 millimeters (4 to 16 inches) in
diameter. They are set against the bank so that the parts which are to
take root touch the ground above the water level and are able to get
sufficient moisture. Covering with earth improves the contact with the
ground and retards the loss of moisture from the wood.

d. Willow Mattresses: The degree of streambank protection can be
increased by using willow mattresses or packed fascine work. Willow
mattresses consist of 100 to 200 millimeter (4 to 8 inch) thick layers of
growing branches set perpendicular to the direction of the current or
sloping downstream. With the broad ends of the branches oriented
downwards. The branches are held together with interweaving wire or
other branches at intervals of 0.6 to 0.8 meters (2 to 2.7 feet), set
parallel to the direction of the current or at an angle of 30 degrees. If
several layers of mattress are necessary, the tops of the lower layers
should cover the bases of the upper layers. The bottom layer is fixed
at the base in a trench previously dug at the base of the softwood
zone. The whole mattress structure should be covered with 50 to 255
millimeters (2 to 10 inches) of earth or fine gravel.

e. Packed Fascine-Work: Packed fascine-work consists essentially of
layers of branches laid one across the other to a depth of 200 to 300
millimeters (8 to 12 inches) and covered with fascine rolls. The spaces
between the fascine rolls are filled with gravel, stones and soil so that
no gaps remain; and a layer of soil and gravel 200 to 300 millimeters
thick is added on top. Packed fascine-work is particularly suitable for
repairing large breaches in the banks of streams with high water levels.

f. Combination with Stone Facing: In many places, the bank is not
adequately protected by vegetation until the roots are fully developed,
and temporary protection must be provided by inanimate materials.
There is a wide choice of methods, including the planting of woody
plants in the crevices of stone facing. For structural protection
measures, see BMP-23, STRUCTURAL STREAMBANK
PROTECTION.
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Maintenance

Streambanks are always vulnerable to new damage. Repairs are needed
periodically. Banks should be checked after every high-water event is over. Gaps
in the vegetative cover should be fixed at once with new plants, and mulched if
necessary. Fresh cuttings from other plants on the bank can be used, or they can
be taken from mother-stock plantings if they are available. Trees that become
established on the bank should be removed at once.
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BMP-23

BMP: STRUCTURAL STREAMBANK STABILIZATION

Definition

Methods ofstabiiizing the banks of live streams with permanent structural measures.

Purpose

To protect streambanks from the erosive forces of flowing water.

Conditions Where Practice Applies

Applicable to streambank sections which are subject to excessive erosion dueto
increased flows or disturbance during construction. Generally applicable where flow
velocities exceed 1.5 meters/see (5 ft/see) or where vegetative streambank
protection is inappropriate,

Planninq Considerations

Stream channel erosion problems vary widely in type and scale and there are many
different structural stabilization techniques which have been employed with varying
degrees of effectiveness. The purpose of this specification is merely to point out
some of the practices which are available and to establish some broad guidelines
for their selection and design. Such structures should be planned and designed in
advance by an engineer or some other qualified individual with appropriate
experience. Many of the practices referenced here involve the use of manufactured
products and should be designed and installed in accordance with the
manufacturers’ specifications.

Before selecting a structural stabilization technique, the designer should carefully
evaluate the possibility of using vegetative stabilization (BMP-22) alone or in
conjunction with structural measures, to achieve the desired protection. Vegetative
techniques are generally less costly and more compatible with natural stream
characteristics.

C-134



General Guidelines

Since each reach of channel requiring protection is unique, measures for
streambank protection should be installed according to a plan and adapted to the
specific site. Designs should be developed according to the following principles:

1.

2.

3.

4.

5.

6.

7.

8.

Protective measures to be applied shall be compatible with improvements
planned or being carried out by others.

The bottom scour should be controlled, by either natural or artificial means,
before any permanent type of bank protection can be considered feasible.
This is not necessary if the protection can be safely and economically
constructed to a depth well below the anticipated lowest depth of bottom
scour.

Streambank protection should be started and
controlled point on the stream.

Changes in channel alignment shall be made

ended at a stabilized or

only after an evaluation of the
effect upon land use, interdependent waste water systems, hydraulic
characteristics and existing structures.

Special attention should be given to maintaining and improving habitat for fish
and wildlife.

The design velocity should be that of the peak discharge of the 10-year
storm. Structural measures must be effective for this design flow and must
be capable of withstanding greater flows without serious damage.

All requirements of state law and permit requirements of local, state and
federal agencies must be met.

Stabilize all areas disturbed by construction as soon as the structural
measures are complete.

Streambank Protection Measures

Riprap - heavy angular stone placed (preferably) or dumped onto the streambank to
provide armor protection against erosion. .Riprap shall be designed and installed
according to the practice entitled RIPRAP (BMP-19).

Gabions - rectangular, rock-filled wire baskets are pervious, semi-flexible building
blocks which can be used to armor the bed and/or banks of channels or to divert
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flow away from eroding channel sections. Gabions should be designed and
installed in accordance with manufacturer’s standards and specifications. At a
minimum, they should be constructed of a hexagonal triple twist mesh of heavily
galvanized steel wire (galvanized wire may also receive a polyvinyl chloride coating).
The design water velocity for channels utilizing gabions should not exceed those
listed as follows:

II Gabion Thickness Maximum Velocity

meters feet meters per second feet per second

0.15 0.5 1.8 6

0.22 0.75 3.4 11

II 0.30 I 1.0 I 4.3 I 14

Deflection (groins or jetties) - Structural barriers which project into the stream to
divert flow away from eroding streambank sections. Figure 23-1 contains general
guidelines for designing and installing deflectors.

Installation of Structures Under Wave and/or Tidal Action

The installation of riprap, gabions or deflectors under significant wave action or
under tidal conditions requires special design considerations to ensure stability of
the measure and the area it protects. For situations where there is significant wave
action affecting the shoreline of a nontidal lake or Pond, the design parameters
presented in BMP-I 9, RIPRAP, should be used. Notably, there are many other ~
specific factors which should be incorporated into a design; hence, it is
recommended that the design parameters presented only be used as minimum
requirements and that a qualified professional be consulted when the installation of
such a structure is contemplated.

Reinforced Concrete - may be used to armor eroding sections of the streambank by
constructing retaining walls or bulk heads. Positive drainage behind these
structures must be provided. Reinforced concrete may also be used as a channel
lining (see BMP-17, STORMWATER CONVEYANCE CHANNEL).

Log Cribbing - a retaining structure built of logs to protect streambanks from erosion.
Log cribbing is normally built on the outside of stream bends to protect the
streambank from the impinging flow of the stream.

Grid Pavers - modular concrete units with interspersed void areas which can be
used to armor the streambank while maintaining porosity and allowing the
establishment of vegetation. These structures may be obtained in precast blocks or
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mats, or they may be formed and poured in place. Design and installation should
be in accordance with manufacturer’s instructions.

Maintenance

All structures should be maintained in an “as built” condition. Structural damage

caused by storm events should be repaired as soon as possible to prevent further
damage to the structure or erosion of the streambank.
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BMP-24

BMP: TEMPORARY VEHICULAR STREAM CROSSING

Definition

A temporary structural span installed across a flowing watercourse for use by
construction traffic. Structures may include bridges, round pipes, pipe arches, or
oval pipes.

PurDoses

1. To provide a means for construction traffic to cross flowing streams without
damaging the channel or banks.

2. To keep sediment generated by construction traffic out of the stream.

Conditions Where Practice ADPlies

Generally applicable to flowing streams with drainage areas less than 260 hectares
(1 square mile). Structures which must handle flow from larger drainage areas
should be designed by methods which more accurately define the actual hydrologic
and hydraulic parameters which will affect the functioning of the structure.

Planninq Considerations

Temporary stream crossings are necessary to prevent construction vehicles from
damaging streambanks and continually tracking sediment and other pollutants into

the flow regime. These structures are, however, also undesirable in that they
represent a channel constriction which can cause flow backups or washouts during
periods of high flow. For this reason, the temporary nature of stream crossings is
stressed. They should be planned to be in service for the shortest practical period
of time and to be removed as soon as their function is completed.

The specifications contained in this section pertain primarily to flow capacity and
resistance to washout of the structure. From a safety and utility standpoint, the
designer must also be sure that the span is capable of withstanding the expected
loads from heavy construction equipment which will cross the structure. The
designer must also be aware that such structures are subject to the rules and
regulations of the U. S. Army Corps of Engineers for in-stream modifications (404
permits).
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A temporary bridge crossing is a structure made of wood, metal, or other materials
which provides access across a stream or waterway. It is the preferred method for
temporary waterway crossings. Normally, bridge construction causes the least
amount of disturbance to the stream bed and banks when compared to the other
types of crossings. They can also be quickly removed and reused. In addition,
temporary bridges pose the least chance for interference with fish migration when
compared to the other temporary access waterway crossings. A temporarv culvert
crossing is a structure consisting of stone and a section(s) of circular pipe, pipe
arches, or oval pipes of reinforced concrete, corrugated metal, or structural plate,
which is used to convey flowing water through the crossings. Temporary culverts
are used where the channel is too wide for normal bridge construction or the
anticipated loading of construction vehicles may prove unsafe for single span
bridges. There is some disturbance within the stream during construction and
removal of the temporary culvert crossing. The stone, along with the temporary
culverts, can be salvaged and reused.

Desiqn Criteria

1. Temporarv Bridqe Crossing

a. Structures may be designed in various configurations. However, the
materials used to construct the bridge must be able to withstand
loading of the construction traffic. Figure 24-1 shows on example of
such a crossing.

b. Crossing Alignment - The temporary waterway crossing shall be at right
angles to the stream. Where approach conditions dictate, the crossing
may vary 15degrees from a line drawn perpendicular to the center line
of the stream at the intended crossing location.

c. The centerline of both roadway approaches shall coincide with the
crossing alignment centerline for a minimum distance of 15 meters (50
feet) from each bank of the waterway being crossed. If physical or
right-of-way restraints preclude the 15 meter minimum, a shorter
distance may be provided. All fill materials associated with the
roadway approach shall be limited to a maximum height of 0.6 meters
(2 feet) above the existing flood plain elevation.

C-139



FIGURE 24-1: TEMPORARY BRIDGE CROSSING
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d. A water diverting structure such as a dike or swale shall be constructed
(across the roadway on both roadway approaches) 15 meters (50 feet)
(maximum) on either side of the waterway crossing. This will prevent
roadway surface runoff from directly entering the waterway. The 15
meter distance is measured from the top of the waterway bank.
Design criteria for this diverting structure shall be in accordance with
BMP-I 1, TEMPORARY RIGHT OF WAY DIVERSION or BMP-9,
TEMPORARY DIVERSION DIKE. If the roadway approach is
constructed with a reverse grade away from the waterway, a separate
diverting structure is not required.

e. Appropriate perimeter controls such as SILT FENCE (BMP-5) or
TURBIDITY CURTAIN (BMP-27) must be employed when necessary
along banks of stream parallel to the same.

f. All crossings shall have one traffic lane. The minimum width shall be
3.7 meters (12 feet) with a maximum width of 6 meters (20 feet).

9. Further design/construction recommendations for temporary bridge
construction may be found in Construction Specifications.

2. Temporarv Culvert Crossing

a. Where culverts are installed, Coarse Aggregate or larger will be used
to form the crossing. The depth of stone cover over the culvert shall
be equal to one-half the diameter of the culvert or 300 millimeters (12
inches), whichever is greater. To protect the sides of the stone from
erosion, riprap shall be used and designed in accordance with BMP-I 9,
RIPRAP (see Figure 242).

b. If the structure will remain in place for up to 14 days, the culvert shall
be large enough to convey the flow from a 2-year frequency storm
without appreciably altering the stream flow characteristics. See Table
24-1 for aid in selecting an appropriate culvert size (note all
assumptions). If the structure will remain in place 14 days to 1 year,
the culvert shall be large enough to convey the flow from a 10-year
frequency storm. In this case, the hydrologic calculation and
subsequent culvert size must be done for the specific watershed
characteristics. If the structure must remain in place over 1 year, it
must be designed as a permanent measure by a qualified professional.

c. Multiple culverts may be used in place of one large culvert if they have
the equivalent capacity of the larger one. The minimum-sized culvert
that may be used is 458 millimeters (18 inches).
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FIGURE 24-2: TEMPORARY CULVERT CROSSING
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TABLE 24-1:
PIPE DIAMETER FOR STREAM CROSSING a

Drainage Area, Average Slope of Watershed
hectares (Acres)

170 4% 8% 16%

1-10 (l-25) 610 (24) 610 (24) 760 (30) 760 (30)

11-20 (26-50) 610 (24) 760 (30) 915 (36) 915 (36)

21-40 (51-100) 760 (30) 915 (36) 1068 (42) 1220 (48)

41-60 (101-150) 760 (30) 1068 (42) 1220 (48) 1220 (48)

61-80 (151-200) 915 (36) 1068 (42) 1220 (48) 1372 (54)

120-140 (301-350) 1068 (42) 1220 (48) 1524 (60) 1524 (60)

141-160 (351-400) 1068 (42) 1372 (54) 1524 (60) 1524 (60)

161-200 (451-500) 1068 (42) 1372 (54) 1524 (60) 1830 (72)

201-220 (501-550) 1220 (48) 1524 (60) 1524 (60) 1830 (72)

221-240 (551-600) 1220 (48) 1524 (60) 1524 (60) 1830 (72)

241-260 (601-640) 1220 (48) 1524 (60) 1830 (72) 1830 (72)

a Note: Table is based on Graphical Peak Discharge Method for 2-year frequency storm event,
CN = 65; Rainfall depth = 9 millimeters (3.5) inches. Drainage areas listed are in hectares and
(acres). Pipe diameters listed are in millimeters, mm and (inches).

d. All culverts shall be strong enough to support their cross-sectioned
area under maximum expected loads.

e. The length of the culvert shall be adequate to extend the full width of
the crossing, including side slopes.

f. The slope of the culvert shall be at least 20 millimeters per meter (0.25
inches per foot).

9 Crossing Alignment - The temporary waterway crossing shall be at right
angles to the stream. Where approach conditions dictate, the crossing
may vary 15 degrees from a line drawn perpendicular to the centerline
of the stream at the intended crossing location.

h. The centerline of both roadway approaches shall coincide with the
crossing alignment centerline for a minimum distance of 15 meters (50
feet) from each bank of the waterway being crossed. If physical or
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right-of-way restraints preclude the 15 meter minimum, a shorter
distance may be provided. All fill materials associated with the
roadway approach shall be limited to a maximum height of 0.6 meters
(2 feet) above the existing flood plain elevation.

i. The approaches to the structure shall consist of stone pads meeting
the following specifications:

1) Minimum thickness: 150 millimeters (6 inches).
2) Minimum width: equal to the width of the structure.

j. A water diverting structure such as a swale shall be constructed across
the roadway on both roadway approaches, 15 meters (50 feet)
maximum on either side of the waterway crossing. This will prevent
roadway surface runoff from directly entering the waterway. The 15
meter distance is measured from the top of the waterway bank.
Design criteria for this diverting structure shall be in accordance with
BMP-I 1, TEMPORARY Right OF WAY DIVERSION or BMP-9,
TEMPORARY DIVERSION DIKE. If the roadway approach is
constructed with a reverse grade away from the waterway, a separate
diverting structure is not required.

Construction Sr.)ecifications

Temporary Bridge Crossing (see Figure 24-1)

a. Clearing and excavation of the stream bed and banks shall be kept to
a minimum.

b. The temporary bridge structure shall be constructed at or above bank
elevation to prevent the entrapment of floating materials and debris.

c. Abutments shall be placed parallel to and on stable banks.

d. Bridges shall be constructed to span the entire channel. If the channel
width exceeds 2.5 meters (8 feet), as measured from top-of-bank to
top-of-bank, then a footing, pier or bridge support may be constructed
within the waterway. One additional footing, pier or bridge support will
be permitted for each additional 2.5 meter width of the channel. No
footing, pier or bridge support will be permitted within the channel for
waterways which are less than 2.5 meters wide.
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e.

f.

9.

h.

i.

j.

k.

1.

Stringers shall either be logs, sawn timber, prestressed concrete
beams, metal beams, or other approved materials.

Decking materials shall be of sufficient strength to support the
anticipated load. All decking members shall be placed perpendicular to
the stringers, butted ti~htlv, and securely fastened to the stringers.
Decking materials must be butted tightly to prevent any soil material

tracked onto the bridge from falling into the waterway below.

Run planking (optional) shall be securely fastened to the length of the
span. One run plank shall be provided for each track of the equipment
wheels. Although run planks are optional, they may be necessary to
properly distribute loads.

Curbs or fenders may be installed along the outer sides of the deck.
Curbs or fenders are an option which will provide additional safety.

Bridges shall be securely anchored at only one end using steel cable
or chain. Anchoring at only one end will prevent channel obstruction in
the event that floodwaters float the bridge. Acceptable anchors are
large trees, large boulders, or driven steel anchors. Anchoring shall be
sufficient to prevent the bridge from floating downstream and possibly
causing an obstruction to the flow.

All areas disturbed during installation shall be stabilized within 7
calendar days of that disturbance.

When the temporary bridge is no longer needed, all structures including
abutments and other bridging materials should be removed
immediately.

Final clean-up shall consist of removal of the temporary bridge from the
waterway, protection of banks from erosion, and removal of all
construction materials. All removed materials shall be stored outside
flood plain of the stream. Removal of the bridge and clean-up of the
area shall be accomplished without construction equipment working in
the waterway channel.

C-145



2. Temporary Culvert Crossings

a. Clearing and excavation of the stream bed and banks shall be kept to
a minimum.

b. The invert elevation of the culvert shall be installed on the natural
streambed grade to minimize interference with fish migration.

c. Filter cloth shall be placed on the streambed and streambanks prior to

placement of the pipe culvert(s) and aggregate. The filter cloth shall
cover the streambed and extend a minimum of 150 millimeters (6
inches) and a maximum of one 300 millimeters (1 foot) beyond the end
of the culvert and bedding material. Filter cloth reduces settlement and
improves crossing stability. See BMP-I 9, RIPRAP, for required
physical qualities of the filter cloth.

d. The culvert(s) shall extend a minimum of 300 millimeters (1 foot)
beyond the upstream and downstream toe of the aggregate placed
around the culvert. In no case shall the culvert exceed 12 meters (40
feet) in length.

e. The culvert(s) shall be covered with a minimum of 0.3 meters (1 foot)
of aggregate. If multiple culverts are used, they shall be separated by
at least 300 millimeters (12 inches) of compacted aggregate fill. At a
minimum, the bedding and fill material used in the construction of the
temporary access culvert crossings shall conform with the aggregate
requirements cited in part “i” under “Temporary Culvert Crossing. ”

f. When the crossing has served its purpose, all structures including
culverts, bedding and filter cloth materials shall be removed. Removal
of the structure and clean-up of the area shall be accomplished without
construction equipment working in the waterway channel.

9. Upon removal of the structure, the stream shall immediately be shaped
to its original cross-section and properly stabilized.

Maintenance

Both structures shall be inspected after every rainfall and at least once a week,
whether it has rained or not, and all damages repaired immediately.
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BMP-25

BMP: UTILITY STREAM CROSSING

Definition

A strategy for crossing small waterways when in-stream utility construction is
involved.

Pur~oses

1. To help protect sediment from entering the stream from construction within
approach areas.

2. To minimize the amount of disturbance within the stream itself

Conditions Where Practice A~plies

Generally applicable to flowing streams with drainage areas less than 260 hectares
(1 square mile). Structures or methodology for crossing streams with larger
drainage areas should be designed by methods which more accurately define the
actual hydrologic and hydraulic parameters which will affect the functioning of the
structure.

Planninu Considerations

Utility construction, by virtue of its sprawling, linear nature, frequently crosses and
impacts live streams. There is a potential for excessive sediment loss into a
stream by both the disturbance of the approach areas and by the work with the
stream-bed and banks.

It is often a difficult task to decide what type of control to use as a utility stream
crossing. A method such as the “boring and jacking” of pipe below a streambed,
which would prevent disturbance within the watercourse, is a preferred method if
it is practical. However, in cases where in-stream work is unavoidable,

consideration must be given to providing adequate mitigation of sediment loss
while minimizing the amount of encroachment and time spent working in the
channel. There is some “give and take” as far as the installation of controls -
sometimes

substantial

there is less damage to the environment created by providing
controls for the approach areas and refraining from installing extensive
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measures in the stream itself. However, when the installation of the utility line
within streambed and banks will take an extended period of construction time,

consideration should be given to substantial in-stream controls or stream diversion
in order to prevent excessive sedimentation damage.

As a result of the difficulty in choosing the right method for a utility stream

crossing, designers and plan reviewers should always make site visits of proposed
crossing to ensure that the most appropriate method is chosen. The designer and

plan reviewer should also be aware that such modifications are subject to other
state and federal construction permits.

The following are several methods for dealing with utility stream crossings (with
varying construction time and stream size scenarios) which allow for “work in the
dry” to prevent excessive sedimentation damage. By no means are these methods
all inclusive. As with other control measures, site-specific design and innovative
variations are encouraged.

Desiun Criteria (All methodsl

1. The drainage area should be no greater than 260 hectares (640 acres).

2. All filter cloth used in the construction of the utility crossing must conform
to physical requirements noted in BMP-I 9, RIPRAP.

3. Water diverting structures should be used at all trenching and/or
construction road approaches 15 meters (50 feet) on either side of the
crossing) as per BMP-24, VEHICULAR STREAM CROSSING.

4. Design criteria more specific to each particular crossing can be found in
Figure 25-1 through 25-4.
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FIGURE 25-1: DIVERSION
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FIGURE 25-2: DIVERSION CHANNEL CROSSING
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FIGURE 25-3: FLUME PIPE CROSSING
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FIGURE 25-4: COFFERDAM
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Construction Specifications

1. Diversion Channel Crossing - Preferred method if construction will remain in

area of stream for an extended period (longer than 72 hours~ and site

conditions (such as width of stream) make diversion practical.

a. The diversion channel crossing must be operational before work is

done in the stream (construction will be performed “in the dry”).

b. Minimum width of bottom shall be 2 meters (6 feet) or equal to
bottom width of existing streambed, whichever is less. Refer to

Figures 25-1 and 25-2.

c. Maximum steepness of side slopes shall be 2:1. Depth and grade
may be variable, dependent on site conditions, but shall be sufficient
to ensure continuous flow of water in the diversion.

d. There are three types of diversion channel linings which can be used,
based upon expected velocity of bankfull flow. Refer to Figure 25-2

and the following table:

TABLE 25-1: DIVERSION CHANNEL LININGS

Acceptable
Lininq Material Classification Velocitv Ranqe

Filter Cloth*,
Polyethylene TYPE A 0 -0.6 m.p.s.
or Grass (O -2.5 f.p.s.)

Filter Cloth* TYPE B 0.75-2.75 m.p.s.
(2.5 -9.0 f.p.s.)

Riprap and
Filter Cloth* TYPE C 2.75 -4.0 m.p.s.

(9.0 -13.0 f.p.s.)

* Filter Cloth must meet the minimum physical requirements noted in BMP
19, RIPRAP.
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e. Type A stream diversions maybe seeded with a standard seed mix for
the type of soils encountered and the time of year seed is sown. An
average growth of 50 millimeters (2 inches) in height shall be achieved
throughout the diversion with an 85?40cover before water is turned
through it.

f. Stream diversion liners shall be secured at the upstream and
downstream sides with non-erodible weights such as riprap. These
weights shall allow normal flow of the stream. Soil shall not be mixed
in with stream diversion weights. Weights may also be needed along
the stream diversion’s length to secure liner.

9. Stream diversion liners should be overlapped when a continuous liner
is not available or is impractical. Overlaps should be such that
continuous flow of the steam is maintained. An upstream section
should overlap a downstream section by a minimum of 500 millimeters
(18 inches). Overlaps along the cross-section should be made such
that a liner is placed in the steam diversion bottom first and additional
pieces of liner on the slopes overlap the bottom piece by a minimum of
500 millimeters (18 inches).

h. Stream diversion liners shall be entrenched at the top of the diversion
slopes (slopes breaks) along with a line of silt fence. Silt fence may be
excluded if the diversion liner is extended to such a point that siltation
of the stream will not occur. If silt fence is excluded, the diversion liner
must be secured. Liners shall extend from slope break to slope break
as shown in Figure 25-2.

i. Staples used in securing SOIL STABILIZATION BLANKETS AND
MATING (see BMP-36) or non-erodible weights (riprap) shall be used
as necessary to anchor stream diversion liners to the side slopes of the
diversion. Wooden stakes should not be used on the diversion’s
bottom or side slopes.

j Non-erodible materials such as riprap, jersey barriers, sandbags,
plywood, or sheet piling, shall be used as flow barriers to divert the
stream away from its original channel and to prevent or reduce water
backup into a construction area.

k. The downstream flow barrier is to be removed prior to the upstream
barrier when opening a stream diversion for the transport of water.
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1. Streams should be rediverted upon completion of the utility crossing for
which the diversion was built. Prior to rediversion, any materials (flow
barrier) used to prevent water backup into the downstream end of the
original streambed shall be removed. This material should not be
placed in the downstream end of the diversion until after water has
been rediverted to the original waterway. The stream should then be
rediverted by removing all of the materials damming the upstream end
of the original streambed and then placing it in the upstream end of the
stream diversion. The diversion should be sealed off at the
downstream end and then backfilled.

Once started, any work to relocate a stream shall not be discontinued
until it is completed.

m. Stream should be rediverted only after backfilling and restabilization of
original streambed and banks is completed. Restabilization shall
consist of the installation of ungrouted riprap on all disturbed
streambank areas (or on the area 2 meters on both sides of the
centerline of its utility trench, whichever is greater) with slopes of 3:1 or
greater. Refer to BMP-I 9, RIPRAP, for installation requirements. For
slopes of 3:1 or less, vegetative stabilization may be used, pending
approval by the Plan-Approving Authority or inspection authority.
Stabilization of its streambed and banks and the approach areas
should occur immediately following the attainment of final grade.

n. Any dewatering discharge from this operation shall be placed into an
approved DEWATERING STRUCTURE (see BMP-26).

2. Flume Pipe Crossin q. - To be used when in-stream construction will last less
than 72 hours and stream is narrow, less than 3 meters (10 feet) wide,
making “cofferdam” construction impractical.

a. The flume pipe crossing must be made operational prior to the start of
construction in the stream.

b. The materials used (culvert(s), stone and filter fabric) must meet the
physical constraints of those used in VEHICULAR STREAM
CROSSING, BMP-24.

c. A large flume pipe (or culvert) of an adequate size to support normal
water channel flow (see Table 24-1) shall then be installed in the
stream bed across the proposed pipeline trench centerline. Coarse
aggregate (minimum size) or riprap shall be placed close to each end
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of the flume pipe so as to dam off the creek forcing the water to flow
through the flume pipe (see Figure 25-3).

d. The entrapped water can then be pumped from the creek within the
dammed off area and in the proposed trench centerline into an
approved DEWATERING STRUCTURE (see BMP-26). The trench can
then be dug under the flume pipe. The pipe sections will then be
installed to the proper depth under the flume pipe. After pipe sections
are installed, the ditch will be backfilled and restabilization shall be
carried out.

e. Restabilization shall consist of the installation of ungrouted riprap on all
disturbed streambank areas (or on the area 3 meters on both sides of
the centerline of the utility trench, whichever is greater) with slopes of
3:1 or greater. Refer to BMP-I 9, RIPRAP, for installation
requirements. For slopes of 3:1 or less, vegetative stabilization may be
used, pending approval by the Plan-Approving Authority or inspection
authority. Stabilization of its streambed and banks and the approach
areas should occur immediately following the attainment of final grade.

f. After completion of backfilling operation and restoration of stream/creek
banks and leveling of stream bed, the flume pipe can then be removed.
The gravel can be removed or spread in the stream bed depending on
permit requirements. Sediment
removed until all construction is
area. All ground contours shall

control in approach areas shall not be
completed in stream/creek crossing
be returned to their original condition.

3. Cofferdam Utilitv Crossinq - To be used when stream diversion is not
practical and stream is wide enough (3 meters or wider) to make cofferdam
installation practical.

a. Construction is to be performed in low flow periods.

b. Crossing shall be accomplished in a manner that will not prohibit the
flow of the stream. (See Figure 25-4).

c. As with all utility line crossings, approach areas must be controlled with
perimeter measures such as silt fence or straw bales.

d. Remove large rocks, woody vegetation, or other material from the
streambed and banks that may get in the way of placing the riprap,
sandbags, sheet metal, or wood planks
line.
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e. Form a cofferdam by placing the riprap (orother non-erodible
materials) in a semicircle along the side of the stream in which the
utility installation will begin. It must be surrounded and underlain with
filter cloth as shown in Figure 25-4. The height of and area within the
dam will depend upon the size of the work area and the amount of
steam flow. Stack materials as high as will be necessary to keep water
from overtopping the dam and flooding the work area. When the
stream flow is successfully diverted by the cofferdam, dewater the work
area and stabilize it with aggregate or sand. Make sure to discharge
the water into a sediment trapping device (see DEWATERING
STRUCTURE, BMP-26).

9. Install the utility pipe or line in half the streambed as noted in Figure
25-4. Remove the riprap or other materials and begin placing them on
the other side of the stream.

h. Restabilization shall consist of the installation of ungrouted riprap on all
disturbed streambank areas (or on the area 6 feet on both sides of the
centerline of its utility trench, whichever is greater) with slopes of 3:1 or
greater. Refer to BMP-I 9, RIPRAP, for installation requirements. For
slopes of 3:1 or less, vegetative stabilization may be used, pending
approval by Plan-Approving Authority or inspection authority.
Stabilization of its streambed and banks and the approach areas
should occur immediately following the attainment of final grade.

Maintenance

Care must be taken to inspect any steam crossing area at the end of each dav to
make sure that the construction materials are ~ositioned securelv. This will ensure
that the work area stays dry and that no construction materials float downstream.
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BMP-26

BMP: DEWATERING STRUCTURE

Definition

A temporary settling and filtering device for water which is discharged from
dewatering activities.

PuIeQse

To filter sediment-laden water prior to the water being discharged off-site.

Conditions Where Practice Applies

Wherever sediment-laden water must be removed from a construction site by means
of pumping.

Plannin~ Considerations

Water which is pumped from a construction site usually contains a large amount of
sediment. A dewatering structure is designed to remove the sediment before water
is released off-site.

This practice includes several types of dewatering structures which have different
applications dependent upon site conditions and types of operation. Other
innovative techniques for accomplishing the same purpose are encouraged, but only
after specific plans and details are submitted to and approved by the Plan-Approving
Authority.

A dewatering structure may not be needed if there is a well-stabilized, vegetated
area onsite to which water may be discharged. The area must be stabilized so that
it can filter sediment and at the same time withstand the velocity of the discharged
water without eroding. A minimum filtering length of 23 meters (75 feet) must be
available in order for such a method to be feasible.
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Desicm Criteria

1. A dewatering structure must be sized (and operated) to allow pumped water
to flow through the filtering device without overtopping the structure.

2, Material from any required excavation shall be stored in an area and
protected in a manner that will prevent sediments from eroding and moving
off-site.

3. An excavated basin (applicable to “Straw Bale/Silt Fence Pit”) may be lined
with filter fabric to help reduce scour and to prevent the inclusion of soil from
within the structure.

4. Design criteria more specific to each particular dewatering device can be
found in Figures 26-1 through 26-3.

Construction Specifications

1. Portable Sediment Tank (see Figure 26-1)

a. The structure may be constructed with steel drums, sturdy wood or other
material suitable for handling the pressure exerted by the volume of
water.

b. Sediment tanks will have a minimum depth of 600 mm (2 ft.).

c. The sediment tank shall be located for easy clean-out and disposal of
the trapped sediment and to minimize the interference with construction
activities.

d. The following formula shall be used to determine the storage volume of
the sediment tank:

Pump discharge (liter/min.) x 0.12 = cubic meters of storage required
(Pump discharge (gallons/min.) x 16 = cubic feet of storage required)

e. Once the water level nears the top of the tank, the pump must be shut
off while the tank drains and additional capacity is made available.

f. The tank shall be designed to allow for emergency flow over top of the
tank.
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FIGURE 26-1: PORTABLE SEDIMENT TANK
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9. Clean-out of thetank is required once one-third of the original capacity
is depleted due to sediment accumulation. The tank shall be clearly
marked showing the clean-out point.

2. Filter Box (see Figure 26-2)

a.

b.

c.

d.

e.

f.

9.

h.

i.

The box selected should be made of steel, sturdy wood or other
materials suitable to handle the pressure requirements imposed by the
volume of water. Normally readily available 208 liter (55 gallon) drums
welded top to bottom will suffice in most cases.

Bottom of the box shall be made porous by drilling holes (or some other
method).

Coarse aggregate shall be placed over the holes at a minimum depth of
300 millimeters (12 inches), metal “hardware” cloth may need to be
placed between the aggregate and the holes if holes are drilled larger
than the majority of the stone.

As a result of the fast rate of flow of sediment-laden water through the
aggregate, the effluent must be directed over a we!l-veqetated strip of at
least 15 meters (50 feet) after Ieavinq the base of the filter box.

The box shall be sized as follows:
Pump discharge (lifer/min.) x 0.12 = cubic meters of storage required
(Pump discharge (gallons/min.) x 16 = cubic feet of storage required)

Once the water level nears the top of the box, the pump must be shut off
while the box drains and additional capacity is made available.

The box shall be designed/constructed to allow for emergency flow over
the top of this box.

Clean-out of the box is required once one-third of the original capacity is
depleted due to sediment accumulation. The tank shall be clearly
marked showing the clean-out point.

If the stone filter does become clogged with sediment so that it no longer
adequately performs its function, the stones must be pulled away from
the inlet, cleaned and replaced.

NOTE: Using a filter box only allows for minimal settling time for sediment particles;
therefore, it should only be used when site conditions restrict the use of the other
methods.
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FIGURE 26-2: FILTER BOX
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3. Straw Bale. /Silt Fence Pit (see Figure 26-3)

a. Measure shall consist of straw bales, silt fence, a stone outlet (a
combination of riprap and aggregate) and a wet storage pit oriented as
shown in Figure 26-3.

b. The structure must have a
formula:
Pump discharge (liter/min.)

capacity which

x 0.12 = cubic

is dictated by the following

meters of storage required
(Pump discharge (gallons/min.) x 16= cubic feet of storage required)

In calculating the capacity, one should include the volume available from
the floor of the excavation to the crest of the stone weir.

c. In any case, the excavated area should be a minimum of 1 meter (3 feet)
below the base of the perimeter measures (straw bales or silt fence).

d. The perimeter measures must be installed as per the guidelines found in
BMP-4, STRAW BALE BARRIER and BMP-5, SILT FENCE.

e. Once the water level nears the crest of the stone weir (emergency
overflow), the pump must be shut off while the structure drains down to
the elevation of the wet storage.

f. The wet storage pit may be dewatered onlv after a minimum of 6 hours
of sediment settling time. This effluent should be pumped across a well
vegetated area or through a silt fence prior to entering a watercourse.

9. Once the wet storage area becomes filled to one-half of the, excavated
depth, accumulated sediment shall be removed and properly disposed
of.

h. Once the device has been removed, ground contours will be returned to
original condition.

Maintenance (All dewatering structures)

1. The filtering devices must be inspected frequently and repaired or replaced
once the sediment build-up prevents the structure from functioning as
designed.

2. The accumulated sediment which is removed from a dewatering device
be spread on-site and stabilized or disposed of at an
as per approved plan.
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BMP-27

BMP: TURBIDITY CURTAIN

Definition

A floating geotextile material which minimizes sediment transport from a disturbed
area adjacent to or within a body of water.

Puroose

To provide sedimentation protection for a watercourse from up-slope land
disturbance or from dredging or filling within the watercourse.

Conditions Where Practice A~plies

Applicable to non-tidal and tidal watercourses where intrusion into the watercourse
by construction activities and subsequent sediment movement is unavoidable.

Planning Considerations

Soil loss into a watercourse results in long-term suspension of sediment. In time,
the suspended sediment may travel large distances and affect wide-spread areas.
A turbidity curtain is designed to deflect and contain sediment within a limited area
and provide enough residence time so that soil particles will fall out of suspension
and not travel to other areas.

Turbidity curtain types must be selected based on the flow conditions within the
water body - whether it be a flowing channel, lake, pond, or a tidal watercourse.
The specifications contained within this practice pertain to minimal and moderate
flow conditions where the velocity of flow may reach 1.5 meters per second (5 feet
per second), or a current of approximately 6 kilometers per hour (3 knots). For
situations where there are greater flow velocities or currents, a qualified engineer
and product manufacturer should be consulted.

Consideration must also be given to the direction of water movement in channel flow
situations. Turbidity curtains are not designed to act as water impoundment dams
and can not be expected to stop the flow of a significant volume of water.
They are designed and installed to trap sediment, not to halt the movement of the
water itself. In most situations, turbiditv curtains should not be installed across
channel flows.
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In tidal or moving water conditions, provisions must be made to allow the volume of
water contained within the curtain to change. Since the bottom of the curtain is
weighted and external anchors are frequently added, the volume of water contained
within the curtain will be much greater at high tide verses low tide and measures
must be taken to prevent the curtain from submerging. In addition to allowing for
slack in the curtain to rise and fall, water must be allowed to flow through the curtain
if the curtain is to remain in roughly the same spot and to maintain the same shape.
Normally, this is achieved by constructing part of the curtain from a heavy woven
filter fabric. The fabric allows the water to pass through the curtain, but retains the
sediment pollutants. Consideration should be given to the volume of water that
must pass through the fabric and sediment particle size when specifying fabric
permeability.

Sediment which has been deflected and settled out by the curtain mav be removed
if so directed by the on-site inspector or the Plan-Approving Authority. However,
consideration must be given to the probable outcome of the procedure - will it create
more of a sediment txoblem resuspension of particles and bv accidental dumping of

the material bv the equipment involved? It is, therefore, recommended that the soil

particles trapped by a turbidity curtain only be removed if there has been a
significant change in the original contours of the affected area in the watercourse.
Regardless of the decision made, soil particles should always be allowed to settle
for a minimum of 6-12 hours prior to their removal by equipment or prior to removal
of a turbidity curtain.

It is imperative that the intended function of the other controls in this chapter, to
sediment out of the watercourse, be the strategy used in every erosion control plan.
However, when proximity to the watercourse makes successfully mitigating sediment
loss impossible, the use of the turbidity curtain during land disturbance is essential.

Desiun Criteria

1. Type I configuration (see Figure 27-1) should be used in protected areas
where there is no current and the area is sheltered from wind and waves.

2. Type II configuration (see Figure 27-1) should be used in areas where there
may be small to moderate current running up to 4 km/hr or 1 m/see (2 knots
or 3.5 feet per second) and/or wind and wave action can effect the curtain.

3. Type Ill configuration (see Figure 27-2) should be used in areas where
considerable current up to 6 km/hr or 1.5 m/see (3 knots or 5 feet per second)
may be present, where tidal action may be present and/or where the curtain
is potentially subject to wind and wave action.
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FIGURE 27-1: TURBIDITY CURTAIN
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FIGURE 27-2: TURBIDITY CURTAIN
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4.

5.

6.

7.

8.

9.

10.

11.

12.

Turbidity curtains should extend the entire depth of the watercourse whenever
the watercourse in question is not subject to tidal action and/or significant
wind and wave forces.

In tidal and/or wind and wave action situations, the curtain should never be so
long as to touch the bottom. A minimum 300 millimeter (l-foot) “gap” should
exist between the weighted lower end of the skirt and the bottom at “mean”
low water. Movement of the lower skirt over the bottom due to tidal reverses
or wind and wave action on the flotation system may fan and stir sediments
already settled out.

In tidal and/or wind and wave action situations, it is seldom practical to extend
a turbidity curtain depth lower than 3 to 4 meters (1O to 12 feet) below the
surface, even in deep water. Curtains which are installed deeper than this
will be subject to very large loads with consequent strain on curtain materials
and the mooring system. In addition, a curtain installed in such a manner can
“billow up” towards the surface under the pressure of the moving water, which
will result in an effective depth which is significantly less than the skirt depth.

Turbidity curtains should be located parallel to the direction of flow of a
moving body of water. Turbiditv Curtains should not be Placed across the
main flow of a significant bodv of moving water.

When sizing the length of the floating curtain, allow an additional 10-20%
variance in the straight line measurements. This will allow for measuring
errors, make installing easier and reduce stress from potential wave action
during high winds.

An attempt should be made to avoid an excessive amount of joints in the
curtain; a minimum continuous span of 15 meters (50 feet) between joints is a
good “rule of thumb.”

For stability reasons, a maximum span of 30 meters (100 feet) between joints
(anchor or stake locations) is also a good rule to follow.

The ends of the curtain, both floating upper and weighted lower, should “tend
well up into the shoreline, especially if high water conditions are expected.
The ends should be secured firmly to the shoreline (preferably to rigid bodies
such as trees or piles) to fully enclose the area where sediment may enter the
water.

When there is a specific need to extend the curtain to the bottom of the
watercourse in tidal or moving water conditions, a heavy woven pervious filter
fabric may be substituted for the normally recommended impervious
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geotextile. This creates a “flow-through” medium which significantly reduces

the pressure on the curtain and will help to keep it in the same relative
location and shape during the rise and fall of tidal waters.

13. Typical alignments of turbidity curtains can be seen in Fiqure 27-3. The
number and spacing of external anchors may vary depending on
velocities and potential wind and wave action; manufacturer’s
recommendations should be followed.

Construction Specifications

Materials-

1. Barriers should be a bright color (yellow or “international” orange
recommended) that will attract the attention of nearby boaters.

2. The curtain fabric must meet the minimum requirements noted in

current

are

Table 27-1.

3. Seams in the fabric shall be either vulcanized welded or sewn, and shall
develop the full strength of the fabric.

4. Flotation devices shall be flexible, buoyant units contained in an individual
flotation sleeve or collar attached to the curtain. Buoyancy provided by the
flotation units shall be sufficient to support the weight of the curtain and
maintain a freeboard of at least 3 inches above the water surface level (see
Figure 27-2).

TABLE 27-1
PHYSICAL PROPERTIES OF TURBIDITY CURTAIN FABRIC

Physical Property Requirement

II Thickness I 45 mills

Weight grams per square meter ounces per square yard

Type I 610 18

Type II 610 or 746 180r22

Type Ill 746 22

Grab Tensile Strength 136 kilograms 300 pounds

UV Inhibitor Must be included
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FIGURE 27-3: TURBIDITY CURTAIN
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5.

6.

7.

Load lines must be fabricated into the bottom of all floating turbidity curtains.
Type II and Type Ill must have load lines also fabricated into the top of the
fabric. The top load line shall consist of woven webbing or vinyl-sheathed
steel cable and shall have a break strength in excess of 4,500 kilograms

(10,000 pounds). The supplemental (bottom) loadline shall consist of a chain
incorporated into the bottom hem of the curtain of sufficient weight to serve as
ballast to hold the curtain in a vertical position. Additional anchorage shall be

provided as necessary. The load lines shall have suitable connecting devices
which develop the full breaking strength for connecting to load lines in

adjacent sections (see Figures 27-1 and 27-2 which portray this orientation).

External anchors may consist of wooden or metal stakes 50 x 100 millimeters
(2 x 4 inch) or 60 millimeter (2.5-inch) minimum diameter wood or 2 kilogram
per linear meter steel (1 .33 pounds/linear foot) when Type I installation is
used; when Type II or Type Ill installations are used, bottom anchors should
be’used.

Bottom anchors must be sufficient to hold the curtain in the same position
relative to the bottom of the watercourse without interfering with the action of
the curtain. The anchor may dig into the bottom (grappling hook, plow or
fluke-type) or may be weighted (mushroom type) and should be attached to a
floating anchor buoy via an anchor line. The anchor line would then run from
the buoy to the top load line of the curtain. When used with Type Ill
installations, these lines must contain enough slack to allow the buoy and
curtain to float freely with tidal changes without pulling the buoy or curtain
down and must be checked regularly to make sure they do not become
entangled with debris. As previously noted, anchor spacing will vary with
current velocity and potential wind and wave action; manufacturer’s
recommendations should be followed. See orientation of external anchors
and anchor buoys for tidal installation in Figure 27-2.

Installation

1. In the calm water of lakes or ponds (Type I installation) it is usually sufficient
to merely set the curtain end stakes or anchor points (using anchor buoys if
bottom anchors are employed), then tow the curtain in the furled condition out
and attach it to these stakes or anchor points. Following this, any additional
stakes or buoyed anchors required to maintain the desired location of the
curtain may be set and these anchor points made fast to the curtain.
the furling lines should be cut to let the curtain skirt drop.

2. In rivers or in other moving water (Type II and Type Ill installations) it is
important to set all the curtain anchor points. Care must be taken to ensure
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that anchor points are of sufficient holding power toretain the curtain under
the existing current conditions, prior to putting the furled curtain into the water.
Again, anchor buoys should be employed on all anchors to prevent the
current from submerging the flotation at the anchor points. If the moving
water into which the curtain is being installed is tidal and will subject the
curtain to currents in both directions as the tide changes, it is important to
provide anchors on both sides of the curtain for two reasons:

a) Curtain movement will be minimized during tidal current reversals.

b) The curtain will not overrun the anchors and pull them out when the
tide reverses.

When the anchors are secure, the furled curtain should be secured to the
upstream anchor point and then sequentially attached to each next
downstream anchor point until the entire curtain is in position. At this point,
and before unfurling, the “lay” of the curtain should be assessed and any
necessary adjustments made to the anchors. Finally, when the location is
ascertained to be as desired, the furling lines should be cut to allow the skirt
to drop.

3. Always attach anchor lines to the flotation device, not to the bottom of the
curtain. The anchoring line attached to the flotation device on the
downstream side will provide support for the curtain. Attaching the anchors
to the bottom of the curtain could cause premature failure of the curtain due
to the stresses imparted on the middle section of the curtain.

4. There is an exception to the rule that turbidity curtains should not be installed
across channel flows; it occurs when there is a danger of creating a silt build-
up in the middle of a watercourse, thereby blocking access or creating a sand
bar. Curtains have been used effectively in large areas of moving water by
forming a very long sided, sharp “V” to deflect clean water around a work site,
confine a large part of the silt-laden water to the work area inside the “V and
direct much of the silt toward the shoreline. Care must be taken, however,
not to install the curtain perpendicular to the water current.

5. See Figure 27-3 for typical installation layouts.
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Removal

1. Care should be taken to protect the skirt from damage as the turbidity curtain
is dragged from the water.

2. The site selected to bring the curtain ashore should be free of sharp rocks,
broken cement, debris, etc. so as to minimize damage when hauling the
curtain over the area.

3. If the curtain has a deep skirt, it can be further protected by running a small
boat along its length with a crew installing furling lines before attempting to
remove the curtain from the water.

Maintenance

1. The developer/owner shall be responsible for maintenance of the filter curtain
for the duration of the project in order to ensure the continuous protection of
the watercourse.

2. Should repairs to the geotextile fabric become necessary, there are normally
repair kits available from the manufacturers; manufacturer’s instructions must
be followed to ensure the adequacy of the repair.

3. When the curtain is no longer required as determined by the inspector, the
curtain and related components shall be removed in such a manner as to
minimize turbidity. Remaining sediment shall be sufficiently settled before
removing the curtain. Sediment may be removed and the original depth (or
plan elevation) restored. Any spoils must be taken to upland area and be
stabilized.
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BMP: SUBSURFACE DRAIN

Definition

A perforated conduit such as pipe, tubing or tile installed beneath the ground to
intercept and convey ground water.

PurRoses

1. To prevent sloping soils from becoming excessively wet and subject to
sloughing.

2. To improve the quality of the growth
lowering the water table.

3. To drain stormwater detention areas

Conditions Where Practice Armlies

medium in excessively wet areas by

or structures.

Wherever excess water must be removed from the soil. The soil must be deep and
permeable enough to allow an effective system to be installed. Either a gravity
outlet must be a~ailable or
apply to foundation drains.

Planninq Considerations

pumping must be provided. These standards-do not

Subsurface drainage systems are of two types, relief drains and interceptor drains.
Relief drains are used either to lower the water table in order to improve the growth
of vegetation, or to remove surface water. They are installed along a slope and
drain in the direction of the slope. They can be installed in a gridiron pattern, a
herringbone pattern, or a random pattern (see Figure 28-l).

Interceptor drains are used to remove water as it seeps down a slope to prevent the
soil from becoming saturated and subject to slippage. They are installed across a
slope and drain
series of single

t; the side of the slope. They ”usually consist of a single pipe or
pipes instead of a patterned layout (see Figure 28-2).
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FIGURE 28-1: SURFACE DRAIN OUTLET
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Desiqn Criteria

Location -

Tree roots can often clog subsurface drain systems. Consequently, sub-surface
drains should be located such that there are no trees within 15 meters (50 feet) of
the drain.

Relief Drains - Relief drains should be located through the center of wet areas.
They should drain in the same direction as the slope.

Interceptor drains - Interceptor drains should be located on the uphill side of wet
areas. They should be installed across the slope and drain to the side of the slope.

Capacity of Drains -

The required capacity of a subsurface drain depends upon its use.

Relief Drains - Relief drains installed in a uniform pattern should remove a minimum
of 25 millimeters (1 inch) of groundwater in 24 hours, approximately 0.003 cubic
meters per hectare (0.042 cubic feet per acre). The design capacity must be
increased accordingly to accommodate any surface water which enters directly into
the system (see Figure 28-3).

Intercepts - Interceptor drains or relief drains installed in a random pattern should
remove a minimum of 0.1 cubic meters per second per 1000 meter of length (1.5
cfs/1 000 feet of length). This value should be increased for sloping land according
to the values in Table 28-1. In addition, if a flowing spring or surface water enters
directly into the system, this flow must be accommodated and the design capacity
must be increased accordingly to take care of this flow (see Figure 28-4).

TABLE 28-1
WATER REMOVAL RATES FOR SLOPING LAND*

Land Slope Water Removal Rates in cubic meters per second
(ems) per 1000 meters (m)

II 2-5% 0.15 cms/1000 m 1.65 cfs/1 000 ft
,

6- 12’%0 0.17 ems/l 000 m 1.80 cfs/1 000 ft

> 120/0 0.18 ems/l 000 m 1.95 cfs/1 000 ft

* These rates depend on the soil types where the drains are installed.
Heavier soils mav result in slower water removal rates.
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FIGURE 28-3: SURFACE INLETS
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Size of Drains-

Subsurface drains should be sized for the required capacity using Table 28-4 and

28-5 in Appendix BMP28-a. The minimum diameter for a subsurface drain shall be
100 millimeters (4 inches).

Depth and Spacing -

Relief Drains - Relief drains installed in a uniform pattern should have equal spacing
between drains and the drains should be at the same depth. Maximum depth is
limited by the allowable load on the pipe, depth to impermeable layers in the soil,
and outlet requirements. The minimum depth is 0.6 meters (2 foot) under normal
conditions. The 0.6 meter depth is acceptable where the drain will not be subject to
equipment loading or frost action. Spacing between drains is dependent on soil
permeability and the depth of the drain. In general, however, a depth of 1 meter (3
feet) and a spacing of 15 meters (50 feet) will be adequate. A more economical
system may be designed, if the necessary information is available, by using the
equations found in Appendix 28-a.

Interceptor drain - The depth of installation of an interceptor drain is influenced
mainly by the depth to which the water table is to be lowered. The maximum depth
is limited by the allowable load on the pipe and the depth to an impermeable layer.
Minimum depth should be the same as for relief drains.

One interceptor drain is usually sufficient. However, if multiple drains are to be
used, determining the required spacing can be diticult. The best approach is to
install the first drain - then if seepage or high water table problems occur
downslope, install an additional drain a suitable distance downslope. This distance
can be calculated from equations found in Appendix 28-a.

Velocity and Grade -

The minimum velocity required to prevent silting is 0.4 meters/see (1.4 ft/see). The
line should be graded to achieve at least this velocity. Steep grades should be
avoided. Table 28-2 lists maximum velocities for various soil textures.

Envelopes -

Envelopes shall be used around all drains for proper bedding and improved flow of
groundwater into the drain. The envelope shall consist of 75 millimeters (3 inches)
of aggregate placed completely around the drain. The stone shall be encompassed
by a filter cloth separator in order to prevent the migration of surrounding soil
particles into the drain (see Figure 28-4). Filter cloth must meet the physical
requirements noted in BMP-I 9, RIPRAP.
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TABLE 28-2
MAXIMUM VELOCITIES FOR VARIOUS SOIL TEXTURES

Maximum Velocity
Soil Texture

meters per second feet per second

Sandy and Sandy Loam 1.1 3.5

Silt and Silt Loam 1.5 5.0

Silty Clay Loam 1.8 6.0

Clay and Clay Loam 2.1 7.0

Coarse Sand or Gravel 2.7 9.0

Surface Water -

Figure 28-3 shows two types of surface water inlets. The grated inlet should not be
used where excessive sedimentation might be a problem.

Outlet -
The outlet of the subsurface drain shall empty into a channel or some other
watercourse which will remove the water from the outlet. It shall be above the mean
water level in the receiving channel. It shall be protected from erosion,
undermining, damage from periods of submergence, and the entry of small animals
into the drain.

The outlet shall consist of - “-- - “’ “ - - - “
steel or schedule 40 PVC
used around the pipe. At

a 3 meter (1O-foot) section of corrugated metal, cast Iron,
pipe without perforations. No envelope material shall be
least two-thirds of the outlet pipe length shall be buried.

Materials -

Acceptable materials for subsurface drains include perforated, continuous closed-
joint conduits of corrugated plastic, concrete, corrugated metal, asbestos cement,
and bituminous fiber. The strength and durability of the pipe shall meet the
requirements of the site in accordance with the manufacturers specifications.
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Construction Specifications

1.

2,

3.

4.

5.

6.

The trench shall be constructed on a continuous grade with no reverse
grades or low spots.

Soft or yielding soils under the drain shall be stabilized with gravel or other
suitable material.

Deformed, warped, or otherwise unsuitable pipe shall not be used.

Envelopes or filter material shall be placed as specified with at least 75
millimeters (3 inches) of material on all sides of the pipe.

Backfilling shall be done immediately after placement of the pipe. No
sections of pipe should remain uncovered overnight or during a rainstorm.
Backfill material shall be placed in the trench in such a manner that the drain
pipe is not displaced or damaged.

The outlet section of the drain shall consist of at
non-perforated corrugated metal, cast iron, steel
least two-thirds of its length shall be buried.

least 3 meters (1O feet) of
or schedule 40 PVC pipe. At

Maintenance

1. Subsurface
free-flowing

drains should be checked periodically to ensure that they are
and not clogged with sediment.

2. The outlet should be

3. Surface inlets should

kept clean and free of debris.

be kept open and free of sediment and other debris.

4. Trees located too close to a subsurface drain often clog the system with their
roots. If a drain becomes clogged, relocate the drain or remove the trees.

5. Where drains are crossed by heavy vehicles, the line should be checked to
ensure that it is not crushed.
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APPENDIX 28-a

Subsurface drains are not generally designed to flow under pressure and the
hydraulic gradient is parallel with the grade line. Consequently, the flow is
considered to be open channel and Manning’s Equation can be used. The metric
conversion of this appendix has been delayed until standardized metric nomography
and charts are readily available. Typical metric conversions are listed where
applicable. The required drain size can be determined by the following procedure:

1. Determine the flow the drain must carry.

2. Determine the gradient of the drain

3. From Table 28-3, determine “n” for the type of drain pipe to be
used. Choose the correct Table (28-4 through 28-6) for the “n” just
determined.

4. Enter the appropriate plate with the gradient of the pipe and the flow
in the pipe. The intersection of the two lines must be to the right of
the line for 1.4 II/sec. If it is not, increase the gradient or flow capacity
or both.

Example 1-

Given:

A random subsurface drain is to be installed on a 1.0% grade, 700 feet in length,
and using corrugated plastic pipe.

Calculate: The

Solution:

From the BMP,

required size of the drain pipe.

the required capacity of the pipe is:

1.5 ft3/sec/l 000 ft

Capacity= ~OOOOofftt”xl.5ft.3/sec=l.05ft3/sec
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From Table 28-3, n = 0.015 for corrugated plastic pipe.

From Table 28-5, choose a 8-inch pipe (200 millimeter).

Example 2-

Given:

A relief drain installed in a gridiron pattern of 8 laterals,
and 50 feet on centers. A main 400 feet in length on a

500 feet long, 0.5% grade,
0.5!40 grade will connect to

the laterals. Use bitumenized fiber pipe for the-main and laterals.

Calculate: The required size of the drain pipe.

Solution:

The drainage area for each lateral is 25 feet on either side of the pipe times the
length. Therefore:

5oftx500ft .0 ~7acze
ft2 -

43,560—
acre

From the BMP, the drains must remove a minimum of 1 inch of groundwater in 24
hours or 0.042 cfs/acre.

0.042 cfs/acre x 0.57 acre = 0.02 cfs

From Table 28-3, n = 0.013 for bituminized fiber pipe.

From Table 28-5, a 4-inch pipe (100 millimeter) must be used for the laterals.

The first 25 feet of the main will drain 25 feet on either side of the pipe. The
remaining 375 feet will drain only 25 feet on the side opposite from the laterals. In
addition, the main will drain the laterals.
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Drainage from main:

25ftx50ft 375ftx25ft. =0.24acre
43r560ft2/acre +43, 560ft2/acre

Drainage from laterals:

8 x 0.57 acre = 4.56 acre

Total =O.24 +4.56 =4.8 acre

Required capacity:

0.042 tMec./acre x 4.8 acre = 0.20cfs

From Table 28-4, choose a 5-inch pipe (125 millimeter) for the main.

TABLE 28-3
“n’’VALUES FOR SUBSURFACE DRAIN PIPES

Composition of
Pi~e or Tubinq “n” Value

Asbestos Cement 0.013

Bitumenized Fiber 0.013

Concrete 0.015

Corrugated Plastic 0.015

Corrugated Metal 0.025

S~acing of Relief Drains

If the necessary information is known, the following equation can be used to
calculate drain spacing in lieu of the recommended standard:

‘=?
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Where,

s=

k =

M=

A=

~ =

drain spacing, feet

average hydraulic conductivity, inches per hour (for practical purposes,
hydraulic conductivity is equal to permeability).

vertical distance, after drawdown, of water table above drain at mid-
point between lines, feet.

depth of barrier below drain, feet.

drainage coefficient, rate of water removal, inches/hour (in/hr).

Spacing of Interceptor Drains -

If one interceptor drain is not sufficient, the spacing of multiple drains can be
calculated by the following equation:

Le= ‘i~ (de-dw+w,)

Where,

Le =

k=

q =

i=

de =

dw =

w, =

the distance downslope from the drain to the point where the water
table is at the desired depth after drainage, feet. The second drain
should be located at this point.

the average hydraulic conductivity of the subsurface profile to the depth
of the drain, in./hr.

drainage coefficient, rate of water removal, in./hr.

the hydraulic gradient of the water table before drainage, feet/foot.

the effective depth of the drain, feet.

the desired minimum depth to water table after drainage, feet.

the distance from the ground surface to the water table, before
drainage, at the distance (Le) downslope from the drain, feet.
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TABLE 28-5: SUBSURFACE DRAIN CAPACITY, n = 0.015

0.03 0.05 0.1 0.2 0.5 1.0 2.0 5.0
Capacity, ft.3/sec.

SUBSURFACEDRAIN CAPACITY,n = 0.015

Typical Metric Conversions:

Cubic meters per second = cubic feet per second x 35.3357
meter = feet x 0.3048
millimeters = inches x 25.4
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TABLE 28-6: SUBSURFACE DRAIN CAPACITY, n = 0.025

0.01

0.05

0.002

0.001
----- ---

Capacity,ft.J/see.
SUBSURFACEDRAIN CAPCITY, n = 0.025

Typical Metric Conversions:

Cubic meters per second = cubic feet per second x 35.3357
meter = feet x 0,3048
millimeters = inches x 25.4
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BMP-29

BMP: SURFACE ROUGHENING

Definition

Providing a rough soil surface with horizontal depressions created by operating a
tillage or other suitable implement on the contour, or by leaving slopes in a
roughened condition by not fine-grading them.

PurRoses

1. To aid in establishment of vegetative cover with seed.

2. To reduce runoff velocity and increase infiltration.

3. To reduce erosion and provide for sediment trapping.

Conditions Where Practice Applies

1. All slopes steeper than 3:1 require surface roughening, either stair-step
grading, grooving, furrowing, or tracking if they are to be stabilized with
vegetation.

2. Areas with grades less steep than 3:1 should have the soil surface lightly
roughened and loose to a depth of 25 to 50 millimeters (2 to 4 inches) prior to
seeding.

3. Areas which have been graded and will not be stabilized immediately may be
roughened to reduce runoff velocity until seeding takes place.

4. Slopes with a stable rock face do not require roughening or stabilization.

Plannina Considerations

Graded areas with smooth, hard surfaces give a false impression of “finished
grading” and a job well done. It is difficult to establish vegetation on such surfaces
due to reduced water infiltration and the potential for erosion. Rough slope surfaces
with uneven soil and rocks left in place may appear unattractive or unfinished at
first, but encourage water infiltration, speed the establishment of vegetation, and
decrease runoff velocity.
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Rough loose soil surfaces give lime, fertilizer and seed some natural coverage.
Niches in the surface provide microclimates which generally provide a cooler and
more favorable moisture level than hard flat surfaces; this aids seed germination.

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

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

2. Stair-step grading is particularly appropriate in soils containing large amounts
of soft rock. Each “step” catches material which sloughs from above, and
provides a level site where vegetation can become established.

3. Areas which will be mowed (these areas should have slopes less steep than
3:1) may have small furrows left by discing, harrowing, raking, or seed-
planting machinery operated on the contour.

4. It is important to avoid excessive compacting of the soil surface when
scarifying. Tracking with bulldozer treads is preferable to not roughening at

all, but is not as effective as other forms of roughening, as the soil surface is
severely compacted and runoff is increased.

Specifications

Cut Slope Applications For Areas Which Will Not Be Mowed -

Cut slopes with a gradient steeper than 3:1 shall be stair-step graded or grooved
(Figures 29-1 and 29-2).

1. Stair-step grading may be carried out on any material soft enough to be
ripped with a bulldozer. Slopes consisting of soft rock with some subsoil are
particularly suited to stair-step grading.

The ratio of the vertical cut distance to the horizontal distance shall be less
than 1:1 and the horizontal portion of the “step” shall slope toward the vertical
wall.

Individual vertical cuts shall not be more than 75 millimeters (30 inches) on
soft soil materials and not more than 1,000 millimeters (40 inches) in rocky
materials.
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FIGURE 29-1: STAIR STEPPING CUT SLOPES
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FIGURE 29-3: FILL SLOPE TREATMENT

..
,,

EACH LIFT OF THE FILL IS COMPACTED, BUT THE OUTER FACE
OF THE SLOPE IS ALLOWED TO REMAIN LOOSE SO THAT THE
ROCKS, CLODS, ETC. REACH THE NATURAL ANGLE OF REPOSE.

FIGURE 29-4: TRACKING
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2. Grooving consists of using machinery to create a series of ridges and

depressions which run perpendicular to the slope (on the contour).

Grooves may be made with any appropriate implement which can be safely
operated on the slope and which will not cause undue compaction.
Suggested implements include discs, tillers, spring harrows, and the teeth on
a front-end loader bucket. Such grooves shall not be less than 75 millimeters
(3 inches) deep nor further than 400 millimeters (15 inches) apart.

Fill Slope Applications For Areas Which Will Not Be Mowed -

Fill slopes with a gradient steeper than 3:1 shall be grooved or allowed to remain
rough as they are constructed. Method (1) or (2) below may be used.

1. Groove according to ##2above.

2. As lifts of the fill are constructed, soil and rock materials may be allowed to
fall naturally onto the slope surface (see Figure 29-3).

Colluvial materials (soil deposits at the base of slopes or from old stream beds) shall
not be used in fills as they flow when saturated.

At no time shall slopes be bladed or scraped to produce a smooth, hard surface.

Cuts Fills, and

Mowed slopes
where mowing

Graded Areas Which WN Be Mowed -

should not be steeper than 3:1. Excessive roughness is undesirable
is planned. These areas may be roughened with shallow grooves

such as remain after tilling, discing, harrowing, raking, or use of a cultipacker-

seeder. The final pass of any such tillage implement shall be on the contour
(perpendicular to the slope).

Grooves formed by such implements shall be not less than 25 millimeter (l-inch)
deep and not further than 30 millimeters (12-inches) apart. Fill slopes which are left
rough as constructed may be smoothed with a dragline or pickchain to facilitate
mowing.

Roughening With Tracked Machinery (see Figure 29-4) -

Roughening with tracked machinery on clayey soils is not recommended unless no
alternatives are available. Undue compaction of surface soil results from this
practice. Sandy soils do not compact severely, and may be tracked. In no case is
tracking as effective as the other roughening methods described.
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When tracking is the chosen surface roughening technique, it shall be done by
operating tracked machinery up and down the slope to leave horizontal depressions
in the soil. As few passes of the machinery should be made as possible to minimize
compaction.

Seeding -

Roughened areas shall be seeded and mulched as soon as possible to obtain
optimum seed germination and seedling growth.
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BMP-30

BMP: TOPSOILING

Definition

Methods of preserving and
enriched in organic matter,
medium.

Purt)ose

using the surface
in order to obtain

layer of undisturbed soil, often
a more desirable planting and growth

To provide a suitable growth medium for final site stabilization with vegetation.

Conditions Where Practice A~Plies

1. Where the preservation or importation of topsoil is determined to be the most
effective method of providing a suitable growth medium.

2. Where the subsoil or existing soil presents the following problems:

a. The texture, pH, or nutrient balance of the available soil cannot be
modified by reasonable means to

b. The soil material is too shallow to
to supply necessary moisture and

provide an adequate growth medium.

provide an adequate root zone and
nutrients for plant growth.

c. The soil contains substances potentially toxic to plant growth.

3. Where high quality turf is desirable to withstand intense use or meet aesthetic
requirements.

4. Where ornamental plants will be established.

5. Only on slopes that are 2:1 or flatter unless other measures are taken to
prevent erosion and sloughing.
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Planninq Considerations

Topsoil is the surface layer of the soil profile, generally characterized as being
darker than the subsoil due to the presence of organic matter. It is the major zone
of root development, carrying much of the nutrients available to plants, and
supplying a large share of the water used by plants.

Although topsoil provides an excellent growth medium, there are disadvantages to
its use, Stripping, stockpiling, and reapplying topsoil, or importing topsoil, may not
always be cost effective. Topsoiling can delay seeding or sodding operations,
increasing the exposure time of denuded areas. Most topsoil contains weed seeds,
and weeds may compete with desirable species.

Advantages of topsoil include its high organic matter content and friable
consistence, water holding capacity, and nutrient content.

In site planning, the option of topsoiling should be compared with that of preparing a
seedbed in subsoil. The clay content of subsoils does provide high moisture
availability and deter leaching of nutrients and, when properly limed and fertilized,
subsoils may provide a good growth medium which is generally free of weed seeds.
In many cases topsoiling may not be required for the establishment of less
demanding, lower maintenance plant material. Topsoiling is strongly recommended
where ornamental plants or high-maintenance turf will be grown. Topsoiling is a
required procedure when establishing vegetation on shallow soils, soils containing
potentially toxic materials, and soils of critically low pH (high acid) levels.

If topsoiling is to be done, the following items should be considered:

1. Whether an adequate volume of topsoil exists on the site. Topsoil will be
spread at a compacted depth of 50 to 100 millimeters (2 to 4 inches) (depths
closer to 100 millimeters (4 inches) are preferred).

2. Location of the topsoil stockpile so that it meets specifications and does not
interfere with work on the site.

3. Allow sufficient time in scheduling for topsoil to be spread and bonded prior to
seeding, sodding, or planting.

4. Care must be taken not to apply topsoil to subsoil if the two soils have
contrasting textures. Clayey topsoil over sandy subsoil is a particularly poor
combination, as water may creep along the junction between the soil layers,
causing the topsoil to slough. Sandy topsoil over a clay subsoil is equally as
likely to fail.
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5. If topsoil and subsoil are not properly bonded, water will not infiltrate the soil
profile evenly and it will be difficult to establish vegetation. Topsoiling of
steep slopes should bediscouraqed unless qood bondinq ofsoils can be
achieved.

Specifications

Materials -

Field exploration of the site shall be made to determine if there is sufficient surface
soil of good quality to justify stripping. Topsoil shall be friable and loamy (loam,
sandy loam, silt loam, sandy clay loam, clay loam). It shall be free of debris, trash,
stumps, rocks, roots, and noxious weeds, and shall give evidence of being able to
support healthy vegetation. It shall contain no substance that is potentially toxic to
plant growth.

All topsoil shall be tested by a recognized laboratory for the following criteria:

Orqanic matter content shall be not less than 1.5% by weight.

pH ranqe shall be from 6.0-7.5. If pH is less than 6.0, lime shall be added in
accordance with soil test results or in accordance with the recommendations
of the vegetative establishment practice being used.

Soluble salts shall not exceed 500 ppm.

If additional off-site topsoil is needed, it must meet the standards stated above.

Stripping -

Topsoil operations should not be performed when the soil is wet or frozen. Stripping
shall be confined to the immediate construction area. A 100 to 150 millimeter (4 to
6 inch) stripping depth is common, but depth may vary depending on the particular
soil. All perimeter dikes, basins, and other sediment controls shall be in place prior
to stripping.

Stockpiling -

Topsoil shall be stockpiled in such a manner that natural drainage is not obstructed
and no off-site sediment damage shall result. Stockpiles should be stabilized or
protected.
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Side slopes of the stockpile shall not exceed 2:1,

Perimeter controls must be placed around the stockpile immediately; seeding of
stockpiles shall be completed within 7 days of the formation of the stockpile, in
accordance with BMP-31, TEMPORARY SEEDING if it is to remain dormant for
longer than 30 days.

Site Preparation Prior to and Maintenance During Topsoiling -

Before topsoiling, establish needed erosion and sediment control practices such as
diversions, grade stabilization structures, berms, dikes, level spreaders, waterways,
sediment basins, etc. These practices must be maintained during topsoiling.

Grading: Previously established grades on the areas to be topsoiled shall be
maintained according to the approved pIan.

Liming: Where the pH of the subsoil is 6.0 or less, or the soil is composed of
heavy clays, agricultural limestone shall be spread in accordance with
the soil test or the vegetative establishment practice being used.

Bonding: After the areas to be topsoiled have been brought to grade, and
immediately prior to dumping and spreading the topsoil, the subgrade
shall be loosened by discing or scarifying to a depth of at least 50
millimeters (2 inches) to ensure bonding of the topsoil and subsoil.

Applying Topsoil -

Topsoil shall not be placed while in a frozen or muddy condition, when topsoil or
subgrade is excessively wet, or in a ccmdition that may otherwise be detrimental to
proper grading or proposed sodding or seeding. The topsoil shall be uniformly
distributed to a minimum compacted depth of 25 millimeters (2 inches) on 3:1 or
steeper slopes and 100 millimeters (4 inches) on flatter slopes. (See Table 30-1 to
determine volume of topsoil required for application to various depths). Any
irregularities in the surface, resulting from topsoiling or other operations, shall be
corrected in order to prevent the formation of depressions or water pockets.

It is necessary to compact the topsoil enough to ensure good contact with the
underlying soil and to obtain a level seedbed for the establishment of high
maintenance turf. However, undue compaction is to be avoided as it increases
runoff velocity and volume, and deters seed germination. Special consideration
should be given to the types of equipment used to place topsoil in areas to receive
fine turf. Avoid unnecessary compaction by heavy machinery whenever possible.
In areas which are not going to be mowed, the surface should be left rough in
accordance with SURFACE ROUGHENING (BMP-29).
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Soil Sterilants -

No sod or seed shall be placed on soil which has been treated with soil sterilants
until sufficient time has elapsed to permit dissipation of toxic materials.

TABLE 30-1
AMOUNT OF TOPSOIL REQUIRED

FOR APPLICATION TO VARIOUS DEPTHS

50 2 51.0

75 3 76.5

100 4 102.0

125 5 127.6

150 6 153.0

cubic yards per cubic meters cubic yards
1000 square feet per hectare per acre

3.1 I 253 I 134

6.2 506 268
I I

9.3 I 761 403
I

12.4 I 1014 I 537

15.5 I 1270 I 672

18.6 t 1523 ] 806
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BMP-31

BMP: TEMPORARY SEEDING

Definition

The establishment of a temporary vegetative cover on disturbed areas by seeding
with appropriate rapidly growing annual plants.

Pur~oses

1. To reduce erosion and sedimentation by stabilizing disturbed areas that will
not be brought to final grade for a period of more than 30 days.

2. To reduce damage from sediment and runoff to downstream or off-site areas,
and to provide protection to bare soils exposed during construction until
permanent vegetation or other erosion control measures can be established.

Conditions Where Practice Amdies

Where exposed soil surfaces are not to be fine-graded for periods longer than 30
days. Such areas include denuded areas, soil stockpiles, dikes, dams, sides of
sediment basins, temporary roadbanks, etc. A permanent vegetative cover shall be
applied to areas that will be left dormant for a period of more than 1 year.

Planninq Considerations

Sheet erosion, caused by the impact of rain on bare soil, is the source of most fine
particles in sediment. To reduce this sediment load in runoff, the soil surface itself
should be protected. The most efficient and economical means of controlling sheet
and rill erosion is to establish vegetative cover. Annual plants which sprout rapidly
and survive for only one growing season are suitable for establishing temporary
vegetative cover. Temporary seeding is encouraged whenever possible to aid in
“controlling” construction sites.

Temporary seeding also prevents costly maintenance operations on other erosion
control systems. For example, sediment basin clean-outs will be reduced if the
drainage area of the basin is seeded where grading and construction are not taking
place. Perimeter dikes will be more effective if not choked with sediment.
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Temporary seeding
to control sediment,
basins.

is essential to preserve the integrity of earthen structures used
such as dikes, diversions, and the banks and dams of sediment

Proper seedbed preparation and the use of quality seed are important in this
practice just as in permanent seeding. Failure to care~ully follow sound agronomic
recommendations will often result in an inadequate stand of vegetation that provides
little or no erosion control.

Specifications

Prior to seeding, install necessary erosion control practices such as dikes,
waterways, and basins.

Plant Selection -

Select plants appropriate to the season and site conditions from Tables 31-2 and
31-3. Note that Table 31-2 presents plants which can be used without extensive
evaluation of site conditions; Table 31-3 presents more in-depth information on the
plant materials.

Seedbed Preparation

To control erosion on
Seedbed preparation

bare soil surfaces, plants must be able to germinate and grow.
is essential.

1. An evaluation should be conducted to determine if lime is necessary for
temporary seeding. In most soils, it takes up to 6 months for a pH adjustment
to occur following the application of lime. Therefore, it may be difficult to
justify the cost of liming a temporary site, especially when the soil will later be
moved and regraded. The following table may be used to determine the
actual need along with suggested application rates.

2. Fertilizer: Shall be applied as 670 kilograms per hectare (600 lbs/acre) of 10-
20-10 (70 kilograms per 1,000 square meters (14 lbs/1 ,000 square feet) or
equivalent nutrients. Lime and fertilizer shall be incorporated into the top 50
to 100 millimeters (2 to 4 inches) of the soil if possible.

3. Surface Roughening: If the area has been recently loosened or disturbed, no
further roughening is required. When the area is compacted, crusted, or
hardened, the soil surface shall be loosened by discing, raking, harrowing, or
other acceptable means (see SURFACE ROUGHENING, BMP-29).
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TABLE 31-1
LIMING REQUIREMENTS FOR TEMPORARY SITES

P!iIes Recommended Application of Agricultural Limestone

below 4.2 6,725 kilograms per hectare (3 tons per acre)

4.2 to 5.2 4,480 kilograms per hectare (2 tons per acre)

5.2 to 6 2,240 kilograms per hectare (1 ton per acre)

4. Tracking: Tracking with bulldozer cleats is most effective on sandy soils. This
practice often causes undue compaction of the soil surface, especially in
clayey soils, and does not aid plant growth as effectively as other methods of
surface roughening.

Seeding -

Seed shall be evenly applied with a broadcast seeder, drill, cultipacker seederor
hydroseeder. Small grains shall be planted no more than 40 millimeters (1.5 inches)

deep. Small seeds, such as Kentucky Bluegrass, should be planted no more than 6
millimeters (0.25) inches deep. Other Grasses and Legumes should be planted
from 6 millimeters to 12 millimeters (0.25 inch to 0.5 inches) deep.

Mulching -

1. Seedings made in fall for winter cover and during hot and dry summer months
shall be mulched according to MULCHING, BMP-35, except that
hydromulches (fiber mulch) will not be considered adequate. Straw mulch
should be used during these periods.

2. Temporary seedings made under favorable soil and site conditions during
optimum spring and fall seeding dates may not require mulch.

Re-seeding -
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TABLE 31-2
ACCEPTABLE TEMPORARY SEEDING PLANT MATERIALS

“QUICK REFERENCE FOR ALL REGIONS”

Planting Dates Species Rate
grams/sq. meter

(lbs./acre)

Sept. 1- Feb. 15 50/50 Mix of Annual 6-11
Ryegrass (Lolium multi- (50-100)

florum) & Cereal (Winter)
Rye (Secale cereale)

Feb. 16- Apr. 30 Annual Ryegrass 7-11
(Lolium multi-florum) (60 -100)

May 1- Aug. 31 German Millet 6
(Setaria italica) (50)
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TABLE 31-3
TEMPORARY SEEDING PLANT MATERIALS, SEEDING RATES, AND DATES

FOR MID-ATLANTIC STATES
SEEDING RATE NORTH SOUTH

SPECIES 3/1 to 5/1 to 8115 to 3/1 to 5/1 to 8/1 5 to
PLANT

Acre 1000 If 4/30 8/15 11/1 4/30 8/15 11/1
CHARACTERISTICS

OATS 3 bu. (Up to 100 2 Ibs. x - - x - - Use spring varieties (e.g., Noble).
(Avena sativa) Ibs., not less than

50 Ibs.)

RYE (Secale cereale) 2 bu. (up to 110 2.5 Ibs. x - x x - x Use for late fall seedings, winter
Ibs., not less than cover. Tolerates cold and low
50 tbs.) moisture

GERMAN MILLET 50 Ibs. approx. 1 - x - - x - Warm-season annual. Dies at first

(Setaria italica) lb. frost. May be added to summer
mixes.

ANNUAL RYEGRASS 60 Ibs. IN Ibs. x - x x - x May be added in mixes. Will mow

(Lolium multi-florum) out of most stands.

WEEPING 15 Ibs. 5% Ozs. - x - - x - Warm-season perennial. May

LOVEGRASS bunch. Tolerates hot, dry slopes

(Eragrostis curvula) and acid, infertile soils. May be
added to mixes.

KOREAN 25 Ibs. approx. 1% x x - x x - Warm season annual legume.

LESPEDEZA Ibs. Tolerates acid soils. May be added

(Lespedeza to mixes.

stipulacea)



BMP-32

BMP: PERMANENT SEEDING

Definition

The establishment of perennial vegetative cover on disturbed areas by planting
seed.

PurDoses

1. To reduce erosion and decrease sediment yield from disturbed areas.

2. To permanently stabilize disturbed areas in a manner that is economical,
adaptable to site conditions, and allows selection of the most appropriate
plant materials.

3. To improve wildlife habitat.

4. To enhance natural beauty.

Conditions Where Practice Armlies

1. Disturbed areas where permanent, long-lived vegetative cover is needed to
stabilize the soil.

2. Rough-graded areas which will not be brought to final grade for a year or

more.

Plannina Considerations

Vegetation controls erosion by reducing the velocity and the volume of overland flow
and protecting the bare soil surface from raindrop impact.

Areas which must be stabilized after the land has been disturbed require vegetative
cover. The most common and economical means of establishing this cover is by
seeding grasses and legumes.
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Advantages of seeding over other means of establishing pIants include the small
initial establishment cost, the wide variety of grasses and legumes available, low
labor requirement, and ease of establishment in difficult areas.

Disadvantages which must be dealt with are the potential for erosion during the
establishment stage, a need to reseed areas that fail to establish, limited periods
during the year suitable for seeding, the potential need for weed control during the
establishment phase, and a need for water and appropriate climatic conditions
during germination.

There are so many variables in plant growth that an end product cannot be
guaranteed. Much can be done in the planning stages to increase the chances for
successful seeding. Selection of the right plant materials for the site, good seedbed
preparation, and conscientious maintenance are important.

Selecting Plant Materials - The factors affecting plant growth are climate, soils, and
topography. In selecting appropriate plant materials, one should take into account
the characteristics of the physiographic region in which the project is located.

Soils - Soils can be modified with lime and fertilizer, but climate cannot be
controlled. Microclimate, or localized climate conditions, can affect plant growth. A
south-facing slope is drier and hotter than a north-facing slope, and may require
drought-tolerant plants. Shaded areas require shade-tolerant plants; the windward
side of a ridge will be drier than the leeward, etc.

Land Use - A prime consideration in selecting which plants to establish is the
intended use of the land. All of these uses - residential, industrial, commercial,
recreational - can be separated into two major categories: high-maintenance and
low-maintenance.

High-Maintenance will be mowed frequently, limed and fertilized regularly, and will
either receive intense use (e.g., athletics) or require maintaining to an aesthetic
standard (home lawns). Grasses used for these situations must be fine-leaved and
attractive in appearance, able to form tight sod, and be long-lived perennials. They
must be well-adapted to the geographic area where they. are planted, because
constant mowing puts turf under great stress. Sites where high-maintenance
vegetative cover is desirable include homes, industrial parks, schools, churches,
athletic playing surfaces as well as some recreational areas.

Low-maintenance areas will be mowed infrequently or not at all; lime and fertilizer
may not be applied on a regular basis; the areas will not be subjected to intense
use, nor required to have a uniform appearance. These plants must be able to
persist with little maintenance over long periods of time. Grass and legume
mixtures are favored for these sites because legumes are capable of fixing nitrogen
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from the air for their own use, and the use of the plants around them. Such mixed
stands are better able to withstand adverse conditions.

Sites that would be suitable for low-maintenance vegetation include steep slopes,
stream or channel banks, some commercial properties, and “utility turf areas such
as roadbanks.

Seedbed Preparation - The soil on a disturbed site must be modified to provide an
optimum environment for seed germination and seedling growth. The surface soil
must be loose enough for water infiltration and root penetration. The pH (acidity and
alkalinity) of the soil must be such that it is not toxic and nutrients are available,
usually between pH 6.0-7.0. Sufficient nutrients (added as fertilizer) must be
present. After seed is in place, it must be ~rotected with a mulch to hold moisture

and modifv temperature extremes, and to prevent erosion while seedlinqs are

9K!!!@L’

The addition of lime is equally as important as applying fertilizer. Lime is best
known as a pH, or acidity, modifier, but it also supplies calcium and magnesium
which are pIant nutrients. Its effect on pH makes other nutrients more available to
the plant. It can also prevent aluminum toxicity by making aluminum less soluble in
the soil.

Maintenance: Even with careful, well-planned seeding operations, failures can
occur. When it is clear that plants have-not germinated on an area or have died,
these areas must be reseeded immediately to prevent erosion damage. However, it
is extremely important to determine for what reason germination did not take place
and make any corrective action necessary prior to reseeding the area. Healthv
vegetation is the most effective erosion control available.

Specifications

Selection of Plant Materials -

Selection of plant materials is based on climate, topography, soils, land use, and
planting season. To determine which plant materials are best adapted to a specific
site, use Tables 32-1 and 32-2 which describe plant characteristics and list
recommended varieties.

A more extensive description of plant materials (grasses and legumes) and their
usage can be found in Appendix 32-c.
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TABLE 32-1 CHARACTERISTICS OF COMMONLY SELECTED GRASSES

Common Name Life Season pH Germinati Optimum Winter Drought Fertility Soil Seed Maintenance Remarks !
(Botanical Name) Cycle Range on Time Germination Hardiness Tolerance Drainage Per Requirements

in Days Temperature Tolerance Pound
(°F)

all Fescue (Festuca Perennial cool 5.5 -6.2 10-14 60-85 Fair Fair Medium Somewhat 225K Low when used for Better suited for
‘undinacea) Season Poorly erosion control; erosion control

Plant Drained high when used in and rough turf
lawn. application.

all Fescues Perennial cool 5.5 -6.2 10-14 60-85 Fair Good Medium Somewhat 220K Responds well to Excellent for
reproved) Season Poorly high maintenance, lawn and fine

Plant Drained turf.

entucky Bluegrass Perennial cool 6.0 -6.5 14 60-75 Good Poor Medium Somewhat 2.2M Needs fertile soil, Excellent for fine
‘oa pratense) Season Poorly favorable moisture. turfs-takes traffic,

Plant Drained Requires several mowing. Poor
years to become droughtlheat
well established. tolerance.

erennial Tyegrass Perennial cool 5.8 -6.2 7-10 60-75 Fair Fair Medium - Somewhat 227K Will tolerate traffic. May be added to
.olium perenne) Season High Poorly mises. Imporved

Plant Drained varieties will
perform well all
year.

Hard Fescue Perennial cool 5.0 -6.2 10-14 60-80 Very Good Good Low Moderately 400K Grows well in sun Exceeds all fine
(Festuca Season Well or shade and will fescues in most

ine Iongifolia) Plant Drained tolerate infertile tests. Excellent
escues soils; improved for low-

disease resistance. maintenance
situations.

Chewing Perennial cool 5.0-8.2 10-14 60-80 Very Good Good Low Moderately 400K Tolerates shade, Poor traffic

Fescue Season Well dry infertile soils. tolerance, less
Plant Drained thatch than other

fine fescues.

Red Fescue Perennial cool 5.0-8.2 10-14 60-80 Very Good Good Low Moderately 400K Low to medium Spreads by
(Festuca Season Well fertility rhizomes, tillers

rubra) Plant Drained requirements. and stolons. WIII
Requires well not take traffic -
drained soil. very shade

tolerant.

!eed Canarygrass Perennial cool 5.8 -6.2 21 70-85 Good Good Medium - Very PooIIy 530K Do not mow closely Conservation
‘halaris arundinacea) Season High Drained or often. cover in wet

Plant areas.



TABLE 32-1 CHARACTERISTICS OF COMMONLY SELECTED GRASSES

Fr
Weeping Lovegrass
(Evagrostis curvula)

Berrnudagrass
(Cynodon dactylon)

Orchardgrass (Dactylis
glomerata)

Annual Ryegrass
(Lolium multiflomm)

Rye (Secale cereale)

Foxtail Millet (setaria
italics)

T
Life Season

Cycle

‘erennial Cool
Season

lSeason
Plant

Plant

T
‘erennial Cool

Season
Plant

Annual Cool
Season

-1-
Plant

Annual Cool
Season
Plant

1

Annual lWarrn

lSeason
Plant

pH
Range

5.8 -6.2

4.5 -6.2

5.8 -6.2

5.8 -6.2

5.8 -6.2

5.8 -6.2

5.8 -6.2

;erminati
on Time
in Days

10

14

21

18

7

10

Optimum
Germination
temperature

(-F)

15-85

15-85

‘o -95

10- 75

,0-70

,5-70

15-85

Winter
Hardiness

>ood

‘air - Poor

=’001

‘air

SOod

dery Good

dery Poor

Drought
rolerance

air

;ood

air

‘oor

;Ood

;Ood

T
T
-1--

Drained

fiedium - Somewhat

Iigh Poorly
Drained

$ledium Somewhat
Poorly
Drained

iedium - Somewhat
Iigh Poorty

Drained

T
Ow - Somewhat
Iedium Pooliy

Drained

T
!edium Moderately

Well
Drained

Seed
Per

Pound

T

1.5M

1.8M
hulled

625K

227 K

18K

220K

1

Ml tolerate poor, I Does will in
infertile soils; deep erosion control
rooted. mixes - not for

lawns.

Low-fertility Fast-growing,
requirements; warm-season
excellent drought bunch grass.
tolerance. Excellent cover

for erosion
control.

High nitrogen Common
utilization, excellent varieties used fol
drought tolerance. erosion control.

Hybrids used for
fine turf.

Does best on well- Good pasture
drained, loamy soil. selection - may

be grazed.

Do not use in fine- May be added
turf areas. into mixes or

established
alone as
tempora~ cover
in spring and fall.

Do not use in fine- May be added
turf areas. into mixes or

established
alone for late
fallhvinter cover,

Establishes well May be added to
during summer. erosion-control
VeV low moisture mixes or
requirements. established

alone.



TABLE 32-2 CHARACTERISTICS OF LEGUMES APPROPRIATE FOR EROSION CONTROL

Common Name Life Seaso pH Gerrninatio Optimum Winter Drought Fertility Soil Seed Maintenance Remarks
(Botanical Name) Cycle n Range n Time in Germination Hardines Tolerance Drainage Per Requirements

Days Temperature s Tolerance Pound
(°F)

>rownvetch Perennial cool 6.0 -6.5 14-21 70 Good Very Good Medium Moderately IIOK Does best on Excellent for steep,
coronilla varia) Season Well well-drained soils. rocky slopes.

Plant Drained Minimum Produces colorful
maintenance blooms in
when established, May/June. slow to
May need establish. Does
phosphorus. best when seeded
Inoculation is in spring.
essential.

Sericaa Lespedeza Perennial Warm 5.8 -6.2 21 -28 70-85 Fair Very Good Low Moderately 335K Grows in most Use hulled seed in
Lespedeza Season Poorly wend rained soils, spring; unhulled in
:uneata) Plant Drained Low fertility fall. Very deep-

requirements. rooted legume.
Inoculation is
essential.

‘Iatpea (Lathyrus Perennial cool 5.0-7.0 14-28 65-75 Good Good Low Poorly 15K Needs lime and Tolerates acidic
;ilvestrus) Season Drained high phosphorus, and wetter soils

Plant Good shade better than other
tolerance. legumes.

3irdsfoot Trefoil Perennial cool 6.0 -6.5 7 65-70 Good Fair Medium Somewhat 375K Inoculation is
Lotus comiculatus) Season

Grows better on
Poorly essential. Grows poorly drained

Plant Drained in medium-fertile, soils than most
slightly acid soils. legumes. Poor

drought/heat
tolerance.

%nual Lespadezas Annual Warm 5.8 -6.2 14 70-85 Fair Very Good Low Moderately 200K WIII grow on
Lespedeza striata, Season

Needs almost no
Well almost any well- nitrogen to survive.

. stipulacea) Plant Drained drained soil.

<ed Clover Perennial cool 6.0-8.5 7-14 70 Good Fair Medium Somewhat 275K Needs high levels Acts as a biennial.
Trifolium pratense) Season Pooliy of phosphorus Can be added to

Plant Drained and potassium. low-maintenance
mixes.

Nhite Clover Perennial cool 6.0-8.5 10 70 Good Poor Medium Poorly 700K Requires
Trifolium repens) Season

Spreads by soil
Drained favorable surface stolons,

Plant moisture, fertile white flowers.
soils, high PH.



Seedbed Requirements-

Vegetation should not be established on slopes that are unsuitable due to
inappropriate soil texture, poor internal structure or internal drainage, volume of
overland flow, or excessive steepness, until measures have been taken to correct
these problems.

To maintain a good stand of vegetation, the soil must meet certain minimum
requirements as a growth medium. The existinq soil must have these
characteristics:

1.

2.

3.

4.

5.

6.

Enough fine-grained material to maintain adequate moisture and nutrient
supply.

Suficient pore space to permit root penetration. A bulk density of 1.2 to 1.5
indicates that sufficient pore space is present. A fine granular or crumb-like
structure is also favorable.

Sufficient depth of soil to provide an adequate root zone. The depth to rock
or impermeable layers such as hardpans shall be 300 millimeters (12 inches)
or more, except on slopes steeper than 2:1 where the addition of soil is not
feasible.

A favorable pH range for plant growth. If the soil is so acidic that a pH range
of 6.0-7.0 cannot be attained by addition of ph-modifying materials, then the
soil is considered an unsuitable environment for plant roots and further soil
modification would be required.

Freedom from

Freedom from

toxic amounts of materials harmful to plant growth.

excessive quantities of roots, branches, large stones, large
clods of earth, or trash of any kind. Clods and stones may be left on slopes
steeper than 3:1 if they do not significantly impede good seed soil contact.

If any of the above criteria cannot be met, i.e., if the existing soil is too coarse,
dense, shallow, acidic, or contaminated to foster vegetation: then topsoil shall be
applied in accordance with TOPSOILING, BMP-30.

Necessary structural erosion and sediment control practices will be installed prior to
seeding. Grading will be carried out according to the approved plan.

Surfaces will be roughened in accordance with SURFACE ROUGHENING, BMP-29.
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Soil Conditioners -

In order to modify the texture, structure, or drainage characteristics
following materials may be added to the soil:

1.

2.

3.

4.

5.

6.

Peat is a very costly conditioner, but works well. If added, it

of a soil, the

shall be
sphagnum moss peat, hypnum moss peat, reed-sedge peat or peat humus,
from fresh-water sources. Peat shall be shredded and conditioned in storage
piles for at least six months after excavation.

Sand shall be clean and free of toxic materials. Sand modification is
ineffective unless you are adding 80 to 909f0 sand on a volume basis. This is
extremely difficult to do on-site. If this practice is considered, consult a
professional authority to ensure that it is done properly.

Vermiculite shall be horticultural grade and free of toxic substances. It is an
impractical modifier for larger acreage due to expense.

Raw manure, is more commonly used in agricultural applications. However,
when stored properly and allowed to compost, it will stabilize nitrogen and
other nutrients. Manure, in its composted form, is a viable soil conditioner;
however, its use should be based on site-specific recommendations offered
by a professional in this field.

Thoroughly rotted sawdust shall have 3.5 kilograms of nitrogen added to each
cubic meter (6 pounds per cubic yard) and shall be free of stones, sticks, and
toxic substances.

The use of treated sewage sludge has benefitted from continuing
advancements in its applications in the agricultural community. When
composted, it offers an alternative soil amendment. Limitations include a
potentially undesirable pH (because of lime added during the treatment
process) and the possible presence of
thoroughly evaluated by a professional
local, state, and federal regulations.

heavy metals. This practice should be
and be used in accordance with any

Lime and Fertilizer -

Lime and fertilizer needs should be determined by soil tests. Soil tests may
performed by a reputable commercial laboratory. Reference Appendix 32-d
liming applications (in Ibs.) needed to correct undesirable pH for various soil

be
for
types.
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Under unusual conditions where it is not possible to obtain a soil test, the following
soil amendments will be applied:

Lime
Coastal Plain: 4,480 kg/ha (2 tons/acre) pulverized

agricultural grade limestone (448
kg/1 000 mz - 90 lbs/1000 ft2)

Piedmont and Appalachian Region: 4,480 ka/ha (2 tons/acre) pulverized
agricultural grade limestone (448
kg/1 000 m2 - 90 lbs/1000 ft2)

Note: An agricultural grade of limestone should always be used.

Fertilizer

Mixed grasses and legumes: 1,120 kg/ha (1000 lbs/acre) of 10-20-10 or
equivalent nutrients (112 kg/1 000 mz -1000
23 lbs./l 000 ft2).

Legume stands only: 1,120 kg/ha (1000 lbs/acre) 5-20-10 (112 kg/
1000 mz -23 lbs/1 000 ft2) is preferred;
however, 1,120 kg/ha (1000 lbs/acre) of 10-
20-10 or equivalent may be used.

Grass stands only: 1,120 kg/ha (1000 lbs/acre) 10-20-10 or
equivalent nutrients, (112 kg/1 000 m2 -
100023 lbs./l 000 ft2).

Other fertilizer formulations, including slow-release sources of nitrogen
(preferred from a water quality standpoint), may be used provided they can
supply the same amounts and proportions of plant nutrients.

Incorporation - Lime and fertilizer shall be incorporated into the top 100-150
millimeters (4-6 inches) of the soil by discing or other means whenever possible.
For erosion control, when applying lime and fertilizer with a
rough, loose surface.

&@l!!l

1. Certified seed will be used for all permanent seeding

hydroseeder, apply

whenever possible.

to a

Certified seed is inspected by the state certifying agency. The seed must
meet published state standards and bear an official “Certified Seed” label.
(see Appendix 32-a).

c-212



2. Lequme seed should be inoculated with the inoculant appropriate to the
species. Seed of the Lespedezas, the Clovers and Crownvetch should be
scarified to promote uniform germination.

3. Apply seed uniformly with a broadcast seeder, drill, culti-packer seeder, or
hydroseeder on a firm, friable seedbed. Seeding depth should be 1/4 to 1/2
inch.

4. To avoid poor germination rates as a result of seed damage during
hydroseeding, it is recommended that if a machinery breakdown of 30
minutes to 2 hours occurs, 50% more seed be added to the tank, based on
the proportion of the slurry remaining in the tank. Beyond 2 hours, a frill rate
of new seed may be necessary.

Often hydroseeding contractors prefer not to apply lime in their rigs as it is
abrasive. In inaccessible areas, lime may have to be applied separately in
pelletized or liquid form. Surface roughening is particularly important when
hydroseeding, as a roughened slope will provide some natural coverage of
lime, fertilizer and seed.

Lequme inoculants should be applied at five times the recommended rate
when inoculant is included in the hydroseeder slurry.

Mulching -
All permanent seeding must be mulched immediately upon completion of
seed application. Refer to MULCHING, BMP-35.

Maintenance of New Seedings -
In general, a stand of vegetation cannot be determined to be fully established
until it has been maintained for one full vear after plantinq.

Irrigation: New seedings should be supplied with adequate moisture. Supply
water as needed, especially late in the season, in abnormally hot or dry
weather, or on adverse sites. Water application rates should be controlled to
prevent excessive runoff. Inadequate amounts of water may be more harmful
than no water.

Re-seedirw: Inspect seeded areas for failure and make necessary repairs
and re-seedings within the same season, if possible.

a. If vegetative cover is inadequate to prevent rill erosion, over-seed and
fertilize in accordance with soil test results.
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b. If a stand has less than 40% cover, re-evaluate choice of plant
materials and quantities of lime and fertilizer. The soil must be tested
to determine if acidity or nutrient imbalances are responsible. Re-
establish the stand following seedbed preparation and seeding
recommendations.

Fertilization: Cool season grasses should begin to be fertilized 90 days after
planting to ensure proper stand and density. Warm season fertilization should
begin at 30 days after planting.

Apply maintenance levels of fertilizer as determined by soil test. In the
absence of a soil test, fertilization should be as follows:

Cool Season Grasses (per 1000 m2 per year)

20 kg nitrogen (N) (4 lbs/1000 ft2)

5 kg phosphorus (P) (1 lbs/1 000 ft2)

10 kg potash (K) (2 lbs/1 000 ft2)

Seventy-five percent of the total requirements should be applied between
September 1 and December 31st. The balance should be applied during the
remainder of the year. More than 5 kg, of soluble nitrogen ~er 1000 m2
should not be applied at anv one time (1 lb per 1,000 f~].

Warm Season Grasses

Apply 20-25 kg (4-5 lbs/1 000 ft2) nitrogen (N) between May 1 and
August 15th per 1000 m2 per year.

Phosphorus (P) and Potash (K) should only be applied according to
soil test.

Note: The use of slow-release fertilizer formulations for maintenance of turf
is encouraged to reduce the number of applications and the impact on
groundwater.

Additional Information on the Successful Establishment of Grasses and
Legumes

See Appendix 32-b for “helpful hints” in achieving high success rates in grass or
legume plantings.
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APPENDIX 32-a

SEED QUALITY CRITERIA

Where certified seed is not available, the minimum requirements for grass and
legume seed used in vegetative establishment are as follows:

a. All tags on containers of seed shall be labeled to meet the requirements of
the State Seed Law.

b, All seed shall be subject to re-testing by a recognized seed laboratory that
employs a registered seed technologist or by a state seed lab.

c. All seed used shall have been tested within twelve (12) months.

d. Inoculant - the inoculant added to legume seed in the seed mixtures shall be
a pure culture of nitrogen-fixing bacteria prepared for the species. Inoculants
shall not be used later than the date indicated on the container. Twice the
supplier’s recommended rate of inoculant will be used on dry seedings; five
times the recommended rate if hydroseeded.

e. The quality of the seed used shall be shown on the bag tags to conform to
the guidelines in Table 32-3.
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TABLE 32-3
QUALITY OF SEED*

Minimum Seed Minimum

~ Germination (%]
Legumes

Crownvetch 98 ~~**

Lespedeza, Korean 97 ~~**

Lespedeza, Sericea 98 85**

Grasses

Bluegrass, Kentucky
Fescue, Tall (Improved,
Turf-Type Cultivars)
Fescue, Tall (Ky-31)
Fescue, Red
Redtop
Reed Canarygrass
Perennial Ryegrass
Weeping Lovegrass

97

98
97
98
94
98
98
98

85

85
85
85
80
90
87
87

Annuals

Annual Ryegrass 97 90
German Millet 98 85
Oats 98 80
Cereal Rye 98 85

* Seed containing prohibited or restricted noxious weeds should not be
accepted. Seed should not contain in excess of 0.5°/0 weed seed. To
calculate percent pure, live seed, multiply germination times purity and
divide by 100.

** Includes “hard seed”
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APPENDIX 32-b

KEYS TO SUCCESSFUL ESTABLISHMENT OF GRASSES AND LEGUMES

Where feasible, grading operations should be planned around optimal seeding dates

for the particular region. Ifthe time of year is not suitable for seeding a permanent
cover (perennial species), a temporary cover crop should be planted. Temporary
seeding of annual species (small grains, ryegrasses or millets) often succeeds
during periods of the year that are unsuitable for seeding permanent (perennial)
species.

Variations in weather and local site conditions can modify the effects of regional
climate on seeding success. For this reason, mixtures including both cool and warm
season species are preferred for low-maintenance cover. Such mixtures promote
cover which can adapt to a range of conditions. Many of these mixtures are not
desirable, however, for high quality lawns, where variation in texture of the turf is
inappropriate.

Selection

Species selection should be considered early in the process of preparing an erosion
and sediment control plan. For practical, economical stabilization and long-term
protection of disturbed sites, species selection should be made judiciously.

Seasonality must be considered when selecting species. Grasses and legumes are
usually classified as warm or cool season in reference to their season of growth.
Cool season plants realize most of their growth during the spring and fall and are
relatively inactive or dormant during the hot summer months. Therefore, fall is the
most favorable time to plant them. Warm season plants “green-up” late in the
spring, grow most actively during the summer, and go dormant at the time of the
first frost in fall. Spring and early summer are preferred planting times for warm
season plants.

Seed Mixtures

As previously noted, the establishment of high quality turf frequently involves
planting one single species. However, in seedings for erosion control purposes the
inclusion of more than one species should always be considered. Mixtures need not
be excessive in poundage or seed count. The addition of a quick-growing annual
provides early protection and facilitates establishment of one or two perennials in a
mix. More complex mixtures might include a quick-growing annual, one or two
legumes and more than one perennial grass.
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The addition of a “nurse” crop (quick-growing annuals added to permanent mixtures)
is a sound practice for soil stabilization, particularly on difficult sites - those with
steep slopes; poor, rocky, erosive soils; those seeded out the optimum seeding
periods; or in any situation where the development of permanent cover is likely to be
slow. The nurse crop germinates and grows rapidly, holding the soil until the
slower-growing perennial seedlings become established.
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APPENDIX 32-c
PLANT INFORMATION

ANNUAL GRASSES AND GRAINS -

Small grains are cool season annual grasses primarily grown for animal feed and
human consumption, The grains used for soil stabilization are primarily Rye and
Oats. Foxtail Millet, which is sometimes considered a small grain, is becoming a
very popular and successful planting for soil stabilization.

1. Oats (Avenasativa): A cool season annual grass primarily grown for animal
feed and human consumption, but also used for soil stabilization. Seeding
rates are 112 kg per hectare bare ground or 11 kg per 1,000 square meter
(100 Ibs per acre or 2-1/2 Ibs. per 1000 square feet.

2. Rye (Secale cereale): Often referred to as Winter Rye because of its winter
hardiness, Rye is the most common small grain used for soil stabilization. It
is also the most productive grain on dry, infertile, acid or sandy soils. It may
be seeded in the fall for winter ground cover. By maturing early, it offers less
competition during the late spring period, a critical time in the establishment of
perennial species. Rye grain germinates quickly and is tolerant of poor soils.
Including Rye grain in fall-seeded mixtures is almost always advantageous,
but it is particularly helpful on difficult and erodible soils, erodible slopes or
when seeding is late. Recommended rates are up to 112 kg per hectare (100
Ibs per acre) for bare ground. Overly thick stands of Rye grain will suppress
the growth of perennial seedlings. Approximately 56 kg per hectare (50 Ibs
per acre) is the maximum for this purpose and, where lush growth is
expected, that rate should either be cut in half, or Rye grain should be totally
eliminated from the mixture.

3. Foxtail Millet (Setaria italics): A warm season annual grass which may be
used for temporary cover. German Millet germinates quickly and goes to
seed quickly. These features make it an excellent companion grass for
summer seedlings. It dies at first frost. Seeding rates are up to 56 kg per
hectare (50 Ibs. per acre) for temporary cover. Use 11 to 22 kg per hectare
(10 to 20 Ibs per acre) in mixes.

4. Annual Rye (Lolium multiflorum): A cool season annual grass used for
temporary cover or as a nurse grass to allow for germination of permanent
stands. Most commonly used in mixes for erosion control. Performs well in
neutral to slightly acid soils. Use rates up to 112 kg per hectare (100 Ibs per
acre) for temporary cover. Use 11 to 22 kg per hectare (10 to 20 Ibs per
acre) in mixes.
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ANNUAL LEGUMES -

1. Annual Lespedezas (Lespedeza striata)

Uses: Pasture, hay, erosion control soil improvement, wildlife food,

Description: Annual warm season legumes, Korean Lespedeza is larger and
coarser than Common Lespedeza and grows to about 300 millimeters (12
inches). Seed of Korean is shiny and black, while seed of Common is
stippled. Kobe is the most desirable variety of Common Lespedeza.

Adaptation: Optimum pH range is 6.0 to 6.5; will grow from 5,5 to 7.0. Will
grow in soil textures ranging from sands to clays and through a wide range of
fertility conditions.

Establishment: Seed should always be inoculated. May be seeded alone or
mixed with grasses or small grains. Requires a firm seedbed; may be
broadcast or drilled. Should be seeded in early spring at28 to 45 kg per
hectare (25 to 40 Ibs per acre) or 2 to 5 kg per 1,000 square meters (0.5 to 1
lb per 1,000 square feet), depending on use. (Use lower figure as half the
seeding rate of any spring seeding with grass or grain.) Should not be
mowed at less than 75 millimeters (3 inches). Lespedeza will not make a
large contribution in sod grasses like Bluegrass; they do best in open sod
grasses like tall fescue,

Sources: Seed of common variety (Kobe) and Korean varieties (Climax,
Harbin and Rowan) are commercially available.

PERENNIALS -

1. Tall Fescue (Festuca arundinacea) -

Uses: Pasture, hay, recreation areas, lawns and stabilization of waterways,
banks, slopes, cuts, fills, and spoils. It is the most widely used grass at this
time for stabilizing large disturbed areas.

Description: A robust, cool season, long-lived, deep-rooted bunchy grass
which may have short rhizomes (underground stems). Kentucky 31 is the
best-known variety. A number of new varieties of Tall Fescue are becoming
available for lawn and other fine-turf uses, and several offer definite
improvements. However, their higher cost over the old standby, KY 31, is
seldom justified when used for purposes of stabilization and erosion control.
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Tall Fescue tolerates a wide range of seeding dates; however, with the
possible exception of high mountain elevation, it is most dependable when
planted in fall.

Adaptation: Adapted to a wide range of climatic conditions. Optimum pH
range is 6.0 to 7.0; will tolerate from 3.0 to 8.0. Will grow on shallow and
claypan soils if they are moist. Growth is limited more by moisture than by
temperature extremes, but it will tolerate drought, infertile soils and moderate
shade.

Establishment: Requires a firm seedbed. Hydroseeding is successful.
Seeding rates vary from 112 kg per hectare (100 Ibs per acre) for erosion
control to 280 kg per hectare (250 Ibs per acre) for lawns. Plant in early
spring or from the middle of August through September. Legumes may not
thrive in fescue stands due to the aggressive growth habits of this grass.
Mowing is desirable on critical areas at least once every two years; lack of
periodic mowing will encourage clumsiness.

Sources: Readily available as seed and sod.

2. Kentucky Bluegrass (Pea pratense) -

Use: Pasture, turf for lawns, athletic fields, golf courses, and playgrounds.
Also used to stabilize waterways, slopes, cuts and fills. Choice food for
grouse, turkeys, deer and rabbits.

Description: Long-lived, cool season perennial grass which forms a dense
sod. Becomes dormant in the heat of summer since its growing season is
spring and fall.

Adaptation: Best adapted to well drained, fertile soils of limestone origin.
Optimum pH range is 6.0 to 7.0. Bluegrasses are better suited to high
maintenance situations in the transition zone. Essentially dormant during dry
or hot weather; however, it will normally survive severe drought.

Establishment: Requires a firm, weed-free seedbed and adequate fertilization
(liberal phosphorus) and lime are important. Can be used with Tall Fescues
at low rates. Minimum mowing height is 40 millimeters (1.5 inches). Critical
erosion areas may be mowed only once per year, if desired. This grass is
usually seeded with a mixture of other grasses or legumes; several varieties
of Bluegrass should be used together to ensure good stand survival. Bare
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ground rates are 135 kg per hectare (120 Ibs per acre). Overseed 5 to 8 kg
per 1,000 square meters (1 to 1.5 Ibs per 1000 square feet).

Sources: Readily available as seed and sod.

3. Perennial Ryegrass (Lolium perrenne) -

Uses: Erosion control, soil improvement lawns, pasture, and hay; newer
varieties are excellent for high-traffic areas.

Description: Perennial Ryegrasses are an excellent selection where rapid
establishment is desired. Cool season. Ryegrasses cross-pollinate freely so
“Common Ryegrass” may be a mixture of annual and perennial species.
Certified seed of Perennial Ryegrass varieties is produced: Blaser, Palmer,
Goalie, Fiesta 11,Ranger, Regal and Pennfine may be used.

Adaptation: Grows best on dark, rich soils in mild climates. Newer varieties
have good drought tolerance but may require irrigation if under drought stress
or heavy traffic. Will tolerate wet soils with good surface drainage.

Establishment: A firm, mellow surface over compact subsoils gives good
results. Seed in fall or spring. Perennial Ryegrass may also be seeded in
mid-August to early September. For turf, use a rate of 25 to 40 kg per 1,000
square meters (5 to 8 Ibs per 1,000 square feet), if seeded alone; lesser
amounts are suitable in mixtures, depending on the characteristics of the
companion species. Generally not seeded alone except on athletic fields with
intensive use. Perennial Ryegrass does best when used with bluegrass as
20 percent or less of the mixture. Ryegrasses germinate rapidly which makes
them particularly suited to disturbed-area stabilization and temporary seeding.
They will, however, tend to dominate stands in mixtures if percentage is too
high.

Sources: Readily available commercially. Care should be taken to buy seed
appropriate to the needs of the project.

4. Fine Fescues
Red Fescue
Hard Fescue
Chewings Fescue

Uses: Excellent for shady, low maintenance areas and north-facing slopes.
May be used to stabilize waterways, slopes, banks, cuts, fills, and as a cover
crop in orchards.
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Description: Red Fescue is a cool season perennial that occurs in two forms:
bunchtype and creeping. Creeping Red Fescue forms a tight sod. The
leaves of Red Fescue are narrow and wiry. Hard Fescues are slow-growing
with excellent shade tolerance.

Adaptation: Shade tolerant and somewhat drought-resistant once
established. Grows well in sandy and acidic soils. Optimum pH range is 4.5
to 6.0. Prefers well drained soils but requires adequate moisture for
establishment. In areas of high temperature and humidity, some Fine
Fescues may turn brown or deteriorate during the summer. Newer varieties
of Hard Fescue are more drought tolerant.

Establishment: Rarely seeded in pure stands. Seedbed preparation and
fertility adjustments are usually dictated by the other grasses in the mixture.
Red Fescues may comprise 25 to 60?10by weight of a seeding mixture. In
shaded areas red fescue may be the key grass in the mixture. Mowing
consistently below 40 millimeters (1.5 inches) is not recommended.

Sources: Readily available commercially. New Hard Fescues may be in
short SUpply.

5. Bermudagrass (Cynodon dactylion)

Uses: Soil and water conservation, pasture, hay, silage, lawns, both high
maintenance and general purpose turf, and stabilization of grassed
waterways.

Description: A long-lived, warm season perennial that spreads by stolons and
rhizomes (runners and underground stems). Height of stems of Common
Bermudagrass may be 300 millimeters (12 inches). The stems are short-
jointed and the leaves flat and spreading. Common Bermudagrass may be
established vegetatively with sprigs (sections of stems) or from seeds;
however, it has the potential to develop into a weed problem because it
spreads vigorously. Cold-tolerant hybrids are usually specified. These are
traditionally established from sprigs or sod, but seed is now available.

Adaptation: Makes its best growth when average daily temperatures are
above 24 degrees Celsius (75 degrees Fahrenheit). Grows on a wide range
of soils from heavy clays to deep sands. Optimum pH is 6.0 to 6.5. h is
drought-resistant and salt-tolerant. Tolerates floods of short duration but will
not thrive on waterlogged soils; does not persist under heavy shade. For
rough areas, the varieties Midland (a forage hybrid) and Coastal are
recommended. For fine-turf areas, Tufcote (a fine-leaved turf hybrid),
Midiron, Tifway, and Vamont are used.
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6.

Establishment: By sodding or planting sprigs. Sprigs should be planted (by
hand or machine) when soil is warm in a well-prepared, moist seedbed. One
end of the sprig should extend above ground, and the other should be
covered by firmly packed soil.

Sources: Readily available as seed, sprigs, and sod,

Reed Canarygrass (Phalaris arundinacea)

Pasture, hay silage, and erosion control. An excellent grass for stabilizing
waterways, healing and controlling gullies, and protecting shorelines of ponds
and reservoirs from wave action. Also provides good cover for shooting
preserves, Can be used in deep gullies and drainage ditches where stream
flow is rapid. Vigorous growth may impede flow in small, low velocity
channels.

Description: A long-lived, cool season, clumpy perennial with coarse
rhizomes (underground stems). Grows 1 to 2 meters (4 to 7 feet) tall. Most
widely used variety is loreed.

Adaptation: Does best in a cool, moist climate. Makes best growth on fertile,
moist, medium to fine soils; but will grow in a wide range of soil moisture
conditions. Will also grow well on swampy or floodplain soils consisting of
peat, muck or sand. Will withstand flooding, yet is quite drought-tolerant
when mature. Optimum pH range 5.0 to 7.5.

Establishment: Requires a well-prepared seedbed that is firm and weed free.
Seed in spring or late summer; drill seed alone or with a legume. Seed must
fresh it should be labeled as having at least 70°/0 germination tested within
the last 6 months. Normally, pure stands should be established because this
grass is not very compatible with other plants. Mowing should not occur more
than twice a year on stabilized critical erosion areas or waterway as this will
result in reduced stands.

Sources: Available commercially.

MISCELLANEOUS EROSION CONTROL GRASSES -

1. Weeping Lovegrass (Eragrostis curvula)

Uses: Fast-growing cover for erosion control. In the northeast, weeping
lovegrass acts as a summer annual. The normal life of 3 to 5 years may be
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foreshortened by low winter temperatures. May provide permanent cover on
southern exposure.

Description: A rapid-growing, warm season bunch grass introduced from
East Africa. The long, narrow leaves are numerous, very fine, and droop over
to the ground, hence the name. Leaf height is rarely above 300 millimeters
(12 inches).

Adaptation: Prefers light-textured, well-drained soil; will thrive on soil of low
fertility. Low winter temperatures may deplete stand.

Establishment: Easy to establish by seed; germinates rapidly and grows
quickly. Lime and fertilizer needs are similar to those of Tall Fescue and
Ryegrass. Requires pH of 5.5 or higher. May be planted any time after
danger of frost and throughout the summer. Very fine seed, commonly added
to erosion control seed mixtures. Use of hydroseeders is successful if the
seeding rate is increased to compensate for the lack of a firm seedbed.
Normal seeding rates are 6 to 22 kg per hectare (5 to 20 Ibs per acre) in
mixes.

Sources: Readily available from large seed companies.

2. Redtop (Agrostis alba)

Uses: Erosion control, pasture, companion grass in turf
stabilizing ditch and channel banks, grassed waterways,
areas.

seedings and
and other disturbed

Description: A coarse, cool season perennial grass with rhizomes
(underground stems). Grows to 750 to 1,000 millimeters (30 to 40 inches).

Adaptation: Does better in the cool, humid areas. Will grow under a wide
variety of soil and moisture conditions. Grows on very acid soils (pH 4.0 to
7.5) and poor, clay soils of low fertility. While drought-resistant, it is also a
useful wetland grass.

Establishment: Has very small seed and requires a compact seedbed. May
be sown in early spring or late summer. Seldom seeded alone except as

temporary turf. Adequate fertilization is essential on critical areas to obtain
good cover rapidly. Most commonly added to mixes, usually 2 to 3 kg per
hectare (2 to 3 Ibs per acre). Redtop will disappear from a stand under
frequent ‘low mowing.

Sources: Available from commercial sources.
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LEGUMES -

1. Crownvetch (Coronilla varia)

Uses: For erosion control of critical areas such as steep roadbanks, surface
mine spoil and industrial waste areas. It is also useful as a residential ground
cover. [t provides high-quality forage for ruminant animals and serves as a
wildlife food and cover plant.

Description: A deep-rooted, cool season, perennial, herbaceous legume with
a semi-reclining growth habit. It reaches 0.5 to 1 meter (2 to 3 feet) in height,
and does not climb or twine. It fixes nitrogen in the soil and makes a dense
mat of vegetative cover.

Adaptation: It grows best on well-drained soils with a pH range of 5.5 to 8.3.
Will persist on more acid soils for a prolonged period once established. It is
not adapted to soils with poor drainage. Crownvetch is winter hardy and
drought-tolerant. Varieties commonly used are Chemung, Penngift and
Emerald.

Establishment: Only inoculated seed should be used. Requires at least 560
kg per hectare (500 Ibs. per acre) of 5-10-10 fertilizer (or the area should be
fertilized according to soil test results). Soil acidity must be raised above a
pH of 5.5. Crownvetch requires mulch and can be hydroseeded successfully.
Seeding in the spring is most successful. Frost seeding may be used on
steep or stony sites (seed in late winter, and allow frost action to work the
seed into soil). Crownvetch often takes 2 to 3 years to establish a dense
stand. A companion grass such as Perennial Ryegrass or Redtop needs to
be mixed into the initial planting, but the Crownvetch will eventually crowd out
the companion plants. It will not persist under frequent mowing.

Sources: Available commercially.

2. Flatpea (Lathyrus sylvestris)

Uses: Flatpea is an erosion control plant that provides a thick mat of
vegetative cover, fixes nitrogen in the soil, and can be maintained with a
minimum of management. It is useful on roadbanks, dams, borrow area,
gravel pits, surface mine spoil, and industrial waste areas. It is an ideal plant
for stabilizing logging roads and utility right-of-ways since it will restrict the
invasion of many woody species. It also provides good wildlife cover and
food.
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Description: A cool season perennial legume. It will climb to a height of 2
meters (6.5 feet) if support is available, but the normal height is 1/2 -1
meters (2 to 3 feet).

Adaptation: Flatpea is adaptable to a wide variety of soil conditions. It is
drought-tolerant, cold-hardy, and does well on low-fertility sites such as
sands, gravel, and soils from acid sandstones. It is not adapted to wet sites,
but it will grow on somewhat poorly drained soils. It will tolerate minor shade
and a minor degree of flooding. The optimum pH range is from 6.0 to 6.5.
The only available variety is Lathco, developed by the USDA Soil
Conservation Service.

Establishment: Use only inoculated seed. The seedbed should be scarified,
if possible. The seed is normally drilled or band seeded, but on rough sites
or steep slopes, it can be broadcast and then worked into the soil by light
dragging. Where possible, a light application of mulch, properly anchored,
will assure a good stand. Lime is essential if the soil is below a pH of 5.0.
Fertilize according to a soil test or apply 450 kg per hectare (400 Ibs per acre)
of 10-20-10. Work lime and fertilizer into soil when preparing the seedbed.
For a primary stand, use a seeding rate of 15 to 20 kilograms (30 to 40 Ibs) in
a mixture with 4 to 5 kilograms (8 to 10 Ibs) of Perennial Ryegrass or 5 to 8
kilograms (1O to 15 Ibs) of Tall Fescue. Flatpea is slow to germinate, so
grasses are needed to provide quick cover. Early spring seedings in April or
May are best; June seedings are less desirable. Grass seedings may be
overseeded with Flatpea from November through March. Flatpea is usually
not winter-hardy if seeded in mid or late summer; therefore, dormant seedings
are recommended. Mulch with straw at a minimum rate of 3,400 kilograms
per hectare (1.5 tons per acre) on all critical sites, and anchor. Little
management is required. Remove woody vegetation if the site is invaded.
Mowing is acceptable once the stand is established. Mow after full bloom at
a 150 millimeter (6-inch) minimum height.

Sources: Lathco is commercially available.

3. Sericea Lespedeza (Lespedeza cuneata)

Uses: Hay, pasture, erosion control, cover crop, wildlife food.

Description: Warm season perennial legume with upright woody stems 300 to
450 millimeters (12 to 18 inches) tall. Roots widely branched penetrating soil
1 meter or more.

Adaptation: Best on well drained, deep soils of medium texture. Will also
grow on sandy, rather acidic, infertile soils. Optimum PH range is 6.0 to 6.5,
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but will tolerate a range of5.0t07.O. It is drought tolerant, Common
varieties are Serala and Interstate.

Establishment: Seed from April to June. Requires a firm seedbed. Use only
inoculated seed. Rates vary from 22 to 35 kg per hectare (20 to 30 Ibs per
acre) of unhulled seed. Requires phosphate and potash. Will not persist
under frequent mowing (once a year recommended).

Sources: Seed of common varieties is commercially available.

4. White Clover (Trifolium repens)

Uses: Common White Clover is used mostly for pastures. Ladino clover, a
giant white clover, is also used for hay and silage in mixtures with a grass.
The thick growing, spreading characteristics of the common type make it ideal
for erosion control.

Description: A cool season perennial legume. The common type has a
prostrate type of growth, while the Ladino is more upright. Both spread by
stolons (horizontal branches along ground) and by roots at the nodes.
Representative common varieties used are Tillman, Common and White
Dutch. Ladino is the only cultivar for the large type.

Adaptation: Thrives in cool climates and on moist, rich soils with full sun.
WN not tolerate extremes of cold or drought. Where soil moisture is not
adequate, Ladino is short-lived. Optimum soil pH is 6.5, but it will grow in a
range of 5.0 to 7.5. Common White Clover volunteers readily in Bluegrass
mixtures where moderate to high fertility is maintained. Stands are persistent.

Establishment: Ladino Clover requires inoculation, fertilizing, and liming for
successful growth. Phosphorus and potash are the key fertilizer elements
required. Ladino makes a good companion crop with grasses such as
Orchardgrass, Bromegrass, Tall Fescue and Timothy. These grasses will
normally crowd out the Ladino after 2 to 3 years. Seed should be planted
(drilled or broadcast) at shallow depths, and a firm seedbed is desirable.

Sources: Available commercially.
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Appendix 32-d

TABLE 32-4:

AMOUNT OF GROUND AGRICULTURAL LIMESTONE*
IN KILOGRAMS PER THOUSAND SQUARE METERS NEEDED

TO CORRECT pH LEVEL OF ACID SOILS TO 6.5

EXISTING pli Soil Texture

Sandy Loam Loam Clay Loam

6.2 30 (20) 50 (35) 60 (40)

6.0 60 (40) 80 (55) 105 (70)

5.8 80 (55) 95 (65) 125 (85)

5.6 105 (70) 120 (80) 155 (105)

5.4 135 (90) 150 (loo) 185 (125)

5.2 155 (105) 180 (120) 210 (140)

5.0 180 (120) 210 (140) 240 (160)

4.8 185 (125) 270 (180) 305 (205)

4.6 230 (155) 310 (210) 340 (230)

II 4.0 I 295 (200) I 370 (250) I 445 (300)

* - Lime should always be applied in accordance with the results of a soil test.
Values in parenthesis are amounts in pounds per 1,000 square feet.
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BMP-33

BMP: SODDING

Definition

Stabilizing fine-graded disturbed areas by establishing permanent grass stands with
sod.

PurDoses

1. To establish permanent turf immediately.

2. To prevent erosion and damage from sediment and runoff by stabilizing the
soil surface.

3. To

4. To

reduce the production of dust

stabilize drainageways where

and mud associated with bare soil sutfaces.

concentrated overland flow will occur.

5. For use as a filtering device for sediments in areas prior to achieving
permanent stabilization.

Conditions Where Practice A@ies

1. Disturbed areas which require immediate vegetative
is preferred to other means of grass establishment.

2. Locations particularly suited to stabilization with sod

- waterways carrying intermittent flow
- area around drop inlets or in grassed swales

covers, or where sodding

are:

- residential or commercial lawns where quick use or aesthetics are factors.

Planninq Considerations

Extremes in temperature and moisture availability create severe stresses on both
cool and warm season grasses. The selection of appropriate tuti-establishment
methods requires a great deal of forethought.
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A quality turf containing the recommended mixtures and species can be established
with either seed or sod, Soil preparation for the two methods is the same.

The advantages of properly installed sod include:

1. Immediate erosion control.

2. An instant green surface with no dust or mud.

3. Nearly year-round establishment capability.

4. Less chance of failure than seed.

5. Freedom from weeds.

6. Quick use of the sodded surface.

7. The option of buying a quality-controlled product with predictable results.

It is initially more costly to install sod than to seed. However, this cost is justified in
places where sod can perform better than seed in controlling erosion.

In swales and waterways where concentrated flow will occur, properly pegged sod is
preferable to seed because there is no lag time between installation and the time
when the channel is protected by vegetation.

Drop inlets which will be placed in grassed areas can be kept free of sediments, and
the grade immediately around the inlet can be maintained, by framing the inlet with
sod strips.

Sod can be laid during times of the year when seeded grass may fail, so long as
there is adequate water available for irrigation in the early weeks.

Ground preparation and proper maintenance are as important with sod as with seed.
Sod is composed of living plants and those plants must receive adequate care in
order to provide vegetative stabilization on a disturbed area.

Specifications

Soil Preparation -

1. Prior to soil preparation, areas to be sodded shall be brought to final grade in
accordance with the approved plan.

C-231



2. Soil tests should be made to determine the exact requirements for lime and
fertilizer.

Under difficult circumstances where it is not possible to obtain a soil test, the
following soil amendments shall be made:

Pulverized agricultural limestone at 440 kg per 1,000 square meters (90 Ibs
per 1,000 square feet).

Fertilizer at 122 kg per 1,000 square meters (25 Ibs per 1,000 square feet) of
10-10-10 in fall, or 122 kg per 1,000 square feet of 5-10-10 in spring.

Note: Equivalent nutrients may be applied with other fertilizer formulations.

These amendments shall be spread evenly over the area to be sodded, and
incorporated (if possible) into the top 75 to 150 millimeters (3 to 6 inches) of
the soil by discing, harrowing or other acceptable means.

3. Prior to laying sod, the soil surface shall be clear of trash, debris, large roots,
branches, stones and clods in excess of 25 millimeters (1 inch) in length or
diameter. Sod shall not be applied to gravel or other non-soil surfaces.

4, Any irregularities in the soil surface resulting from top-soiling or other
operations shall be filled or leveled in order to prevent the formation of
depressions or water pockets.

5. Areas to be topsoiled and topsoil used shall fulfill the requirements of
TOPSOILING, BMP-30. No sod shall be spread on soil which has been
treated with soil sterilants or any other toxic herbicides until enough time has
elapsed to permit dissipation of toxic materials.

Quality of Sod -

1. Sod used shall be state-certified. Certified turfgrass sod is grown from
Certified seed, inspected and certified by the certifying agency of the states.
This ensures genetic purity, high quality, freedom from noxious weeds and
excessive insect or disease problems. The sod must meet published state
standards and bear an official “Certified Turf label on the bill of jading.

2. High-quality sod is also available outside of the state certified sod programs.
When” purchasing this sod, the consumer is encouraged to be aware of
factors which are important in determining sod quality. High-quality sod will
contain the best varieties and be free of serious disease, insect, or weed
problems. It will be dense, have good color, and hold together well.
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3. Sod shall be machine cut ata uniform soil thickness of 13t025 millimeters
(0.5 to 1.0 inches) at the time of cutting. This thickness shall exclude shoot
growth and thatch.

4. Pieces of sod shall be cut to the supplier’s standard width and length, with a
maximum allowable deviation in any dimension of 5!/o. Torn or uneven pads
will not be acceptable.

5. Standard size sections of sod shall be strong enough to support their own
weight and retain their size and shape when suspended from a firm grasp on
one end of the section.

6. Sod shall not be cut or laid in excessively wet or dry weather.

7. Sod shall be harvested, delivered, and installed within a period of 36 hours.

Choosing Appropriate Types of Sod -

The type of sod used must be composed of plants adapted to the locality. Selection
of the type of sod best suited to your area is necessary to ensure that the sod
performs well.

Sod Installation (See Figure 33-1) -

1. Sod should not be laid on soil surfaces that are frozen.

2. During periods of high temperature, the soil shall be lightly irrigated
immediately prior to laying the sod, to cool the soil and reduce root burning
and dieback.

3. The first row of sod shall be laid in a straight line with subsequent rows
placed parallel to and butting tightly against each other. Lateral joints shall be
staggered to promote more uniform growth and strength. Care shall be
exercised to ensure that sod is not stretched or overlapped and that all joints
are butted tight in order to prevent voids which would cause drying of the
roots.

4. On slopes 3:1 or greater, or wherever erosion may be a problem, sod shall be
laid with staggered joints and secured by stapling or other approved methods.
Sod shall be installed with the length perpendicular to the slope (on the
contour).

5. As sodding of clearly defined areas is completed, sod shall be rolled or
tamped to provide firm contact between roots and soil.
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Figure 33-1: SODDING
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6. After rolling, sod shall be irrigated to a depth sufficient that the underside of
the sod pad and the soil 100 millimeters (4 inches) below the sod is
thoroughly wet.

7. Until such time a good root system becomes developed, in the absence of
adequate rainfall, watering shall be petformed as often as necessary to
maintain moist soil to a depth of at least 100 millimeters (4 inches).

8. The first mowing shall not be attempted until the sod is firmly rooted, usually
2-3 weeks. Not more than one third of the grass leaf shall be removed at any
one cutting.

Sodded Waterways (See Figure 33-2)-

1.

2.

3.

4.

Care should be taken to prepare the soil adequately in accordance with this
specification. The sod type shall consist of plant materials able to withstand
the designed velocity (see STORMWATER CONVEYANCE CHANNELS,
BMP-17).

Sod strips in waterways shall be laid perpendicular to the direction of flow.
Care should be taken to butt ends of strips tightly.

After rolling or tamping, sod shall be pegged or stapled to resist washout
during the establishment period. Jute mesh or other netting may be pegged
over the sod for extra protection in critical areas.

All other specifications for this practice shall be adhered to when sodding a
waterway.

Maintenance of Established Sod

1. During the 2 to 3 week establishment stage, sod shall be watered as
necessary to maintain adequate moisture in the root zone and prevent
dormancy of sod.

2. No more than one third of the shoot (grass leaf) should be removed in any
mowing. Grass height should be maintained between 50 and 75 millimeters
(2 and 3 inches) unless otherwise specified.

3. After the first growing season, established sod will require fertilization and
may require lime. Follow soil test recommendations when possible, or apply
maintenance levels as outlined in Table 33-1.
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FIGURE 33-2: SODDED WATERWAYS
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TABLE 33-1
MAINTENANCE FERTILIZATION OF ESTABLISHED SOD

Cool Season Grasses

20kg nitrogen per 1,000 square meters per year
(4 lbs/1 000 square feet/year)

5kg phosphorus (P) per l,OOOsquare meters per year
(1 lbs./1000 square feet/year)

10kg Potash (K) per 1,000 square meters per year
(2 lbs./1000 square feet/year)

75% of the total requirements should be applied between September 1 and
December 31st. The balance should be applied during the remainder of the
year

Warm Season Grasses

Apply 20-25 kg nitrogen (N) per 1,000 square meters per year
between May Ist and August 15th
(4-5 lbs/1 000 square feet per year)

Phosphorus (P) and Potash (K) should only be applied according to soil tests.

Maintenance fertilization should utilize slow release fertilizers which reduce
the number of applications per year and subsequently reduce the adverse

impacts on groundwater.
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BMP-34

BMP: BERMUDAGRASS & ZOYSIAGRASS ESTABLISHMENT

Definition

The establishment of vegetative cover with hybrid Bermudagrass or Zoysiagrass by
planting sprigs, stolons, or plugs.

PurRoses

1. To reduce erosion and decrease sediment yield from disturbed areas.

2. To stabilize disturbed areas with a specific plant material suited to the site at
a cost of less than would be incurred by installing sod.

3. To establish vegetative cover more rapidly than would be possible using
seed.

Conditions Where Practice Applies

1. In areas where hybrid Bermudagrass or Zoysiagrass is the desired plant
material, and establishment with sod is not preferred.

2. Bermudagrass and Zoysiagrass are particularly suited to droughty, sandy
sites or situations where high salt content is a problem. They should not be
used in shaded areas or on poorly drained sites.

3. Where irrigation can be made available during the establishment phase.

Plannina Considerations

Bermuda and Zoysia are warm season, permanent grasses which are well-suited to
erosion control, as they have vigorous rhizomes and stolons (runners). There are
two types of Bermudagrass grown, common and hybrid.

Common Bermudagrass produces seed and may be established with seed.
However, it has the potential to become a weed problem because it spreads
vigorously; it is also coarse and not suitable for fine turf. Common Bermuda has
little cold tolerance and winterkills frequently.
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Hybrid Bermudagrasses and Zoysiagrass are established mainly by sodding,
sprigging, or plugging. There are recent developments in the turf industry that have
allowed hybrid Bermuda stands to be established from seed; however, the
technology is relatively new. These grasses produce a fine, tight turf, do not spread
as vigorously as common Bermudagrass, exhibit good cold tolerance, and can
withstand many adverse conditions. For these reasons, hybrid Bermudagrass and
Zoysiagrass are the warm season permanent turf grasses of choice.

Sprigging: A sprig is a small section of rhizome (underground stem) 75 to 125
millimeters (3 to 5 inches) long, with at least one node or joint. Leaves
should be present at the nodes. Stolons (runners) are above-ground stems
that spread by creeping on the soil surface. A mixture of sprigs and stolons
is usually used in “sprigging”. Sprigs may be planted by machine or hand.

Plugging: Plugs are small sections of sod which are pressed into precut holes
in the soil so that topgrowth is flush to the surface and leaves are exposed.
Plugs are usually planted by hand; however, plugging machines are also
available.

Notably, where speed is essential and cost is not an overriding constraint, sod
should be used (see SODDING, BMP-33).

Both Zoysia and Bermuda are particularly suited to use in grasslined waterways.
Depending upon the soil type, an established stand of can tolerate intermittent
concentrated flows of water on slopes up to 10YO. It is important to divert runoff
from the waterway during the first three weeks of establishment to permit the grass
to take root. [f this cannot be done, the center of the waterway should be sodded to
prevent washout.

Bermudagrass is drought-tolerant, salt-tolerant, and tolerates floods of short
duration. It prefers a pH range from 6.0-7.0 with high nitrogen fertilization during the
growing season. Most Bermudagrasses are adapted to the warmer climates;
however, turf research has developed several varieties that continue to perform very
well in the colder regions. Currently, varieties of all Bermudagrass will be dormant
in winter and will turn brown at that time.

The Bermudagrass hybrids most frequently used differ in appearance, cold
tolerance, and suitability for turf use. The following varieties are suggested for
rough and fine-turf areas:
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For Rough Areas -

Midland: A cold-hardy variety adapted in all areas of the state at medium
elevations. Adapted for forage production, this is a tall-growing Bermuda

to low
(12-f18

inches) and should be

Coastal: Also a forage

For Fine-Turf Areas -

used in low-maintenance areas. - -

type, for low-maintenance areas.

Midiron: A fine-turf type. Has a good to fair chance of surviving most winters.

Vamont: Similar cold tolerance and texture to Midiron but far more aggressive.

Tufcote: A fine-turf type. Less cold-hardy than Midiron.

Tifwav: A fine-textured turf type, Not as cold-hardy as Tufcote.

It has been determined that Zoysia has limited “potential for use in athletic field
development due to recovery problems and slow establishment. Establishment is
commonly achieved by sprigs or plugs and seeds pretreated with potassium
hydroxide. The following varieties are presently listed on the recommended list:

- A broad blade is Prevalent” This varietY is considered more wiflter-hardY
than others.

Emerald: A fine-turf type. A much finer blade than that found on Meyer. This
variety is also much less winter-hardy.

Specifications

Soil Preparation -

Procedures for preparing the soil are the same for sprigging and plugging.

1. Bermuda and Zoysia require soil which is well drained, loose enough for root

penetration, has a pH range between 6.0-7.0, and is free of toxic amounts
materials harmful to plant growth. If any of these criteria cannot be met,
topsoil shall be applied in accordance with TOPSOILING, BMP-30.

2. Necessary erosion and sediment control practices will be installed prior to

of

establishment of Bermudagrass. Final grading will be carried out according to
the approved plan.
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3. Surfaces will be roughened in accordance with SURFACE ROUGHENING,
BMP-29.

4. The soil shall be free of debris, trash, large roots, and weeds.

Lime and

Soil tests
Soil tests

Fertilizer -

should be made to determine the
may be conducted by a reputable

exact requirements for lime and fertilizer.
commercial laboratory. Information on

state soil tests is available from county or city agricultural extension agents.

Under difficult circumstances where it is not possible to obtain a soil test, the
following soil

Pulverized agricultural limestone: 440 kg/1 ,000 square meters (90 lbs/1 ,000
square feet). An agricultural grade of limestone should be used.

Fertilizer: Apply 110 kg/1 ,000 sq. meters of 10-10-10 (1000 lbs./acre) and
follow
30-60

Note:

with additional nitrogen application as indicated by soil test conducted
days later.

Equivalent nutrients may be applied with other fertilizer formulations.

These amendments shall be spread evenly over the area to be sprigged, and
incorporated into the top 75 to 150 millimeters (3-6 inches) of the soil by discing,
harrowing or other acceptable means.

Any irregularities in the soil surface resulting from topsoiling or other operations shall
be filled or leveled in order to prevent the formation of water pockets.

Soil preparation, liming, and fertilizing should be completed before delivery of sprigs
or sod is requested. This material is perishable and should not remain on a pallet or
in crates longer than 36 hours from the time of digging. The presence of mildew or
distinct yellowing of the leaves is usually a good indication of damage to turf.

Sprigging and Plugging -

Sources: Sprigs can be purchased as sod and then shredded or can often be
purchased by the bushel. For tuti-type Bermudagrasses, Certified or Approved sod
sources should be used. Plugs may be cut from sod as needed or purchased
precut. Coastal and Midland Bermudagrasses may be available through agricultural
sources. Interested persons should contact the county or city agricultural extension
agent or the USDA-SCS district office for information on where these materials may

C-241



be obtained. Sprigs shall be 75 to 125 millimeters (3 to 5 inches) long, having
several nodes (joints). Plugs shall have a minimum diameter of 50 millimeters (2
inches).

Quantities of Material Needed:
Sprigging: 72-108 square meters of sod per 1,000 square meters (8-12
square yards of sod per 1,000 square feet). One bushel of sprigs is
approximately equal to 1 square yard of sod (with soil removed).

Plugging: About 72 square meters of sod per 1,000 square meters (12 square
yards of sod for 1,000 square feet).

When to Plant: To establish quickly, many feel Bermudagrass should not be in a
dormant state (leaves should be green). However there is research that shows
some success with dormant installations. Nonetheless, in order that plants may
develop adequate root structure before cold weather begins, plantings should be
made no later than midsummer. May 1 through July 15 is the optimum season for
Bermudagrass establishment.

How to Plant:

Sprigging: Sprigs may be broadcast over the surface by hand, planted in rows
by machine, or applied with a hydrosprigger. Machines are available which
will insert sprigs properly and firm the soil over them. When sprigs are
broadcast or hydrosprigged, they should be partially covered with soil by light
discing or topdressing with good soil. Ideally, half of the sprig should be
covered with soil, and half (including some leaves) should be exposed. Soil
should be firmed over the sprigs by using a cultipacker, or by rolling or
tamping. When planted in rows, sprigs should be placed no more than 300
millimeters (12 inches) apart in rows which are 300 to 450 millimeters (12 to
18 inches) apart. Closer spacing is recommended for slopes, waterways, and
highly erodible soils.

Plugging: Plugs should be inserted in the soil surface so that leaf tips are
above the surrounding soil, and tamped firmly in place. Plugs should be
placed in a grid pattern on 300 to 450 millimeter centers (12 to 18 inches).
Closer spacing is recommended on critical areas. Plugs are usually placed
by hand, but machines are available which can plug automatically.
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Helpful Hints: The following are essential for good Bermudagrass or Zoysiagrass
growth:

1. Adequate moisture - water immediately after planting, and water enough to
keep soil moist to a depth of 100 millimeters (4 inches) during the first 4
weeks and as needed thereafter to sustain growth.

2. Sunlight - do not permit mulches, other plantings, etc. to shade new
Bermudagrass stands.

3. Freedom from erosive forces - keep concentrated flows of water off of new
plantings for 2 weeks to one month.

Weed Control: In order to become effectively established, Bermudagrass must not
have to compete with weeds for sunlight, water, or space. Cultivating is impractical
as growing stolons may be injured.

Oxadiazon or equivalent, applied immediately following sprigging at a rate of 110-
170 kilograms per hectare (100-1 50 lbs./acre) depending on time of year gives
excellent control of most broadleaf and grassy weeds; use 2-3 kilograms per hectare
(2-3 Ibs per acre) of active ingredient. For control of broadleaf weeds only, apply
Dicamba (0.3 to 0.6 kilograms active ingredientihectare (0.25 to 0.5 Ibs per acre)
and 2,4-D -1.1 kilogram active ingredient/hectare (1 lb/acre). Use these herbicides
when weeds are 50 to 75 millimeters tall (2- to 3-inches), but not before-cuass is
well-rooted.

Maintenance

Bermudagrass and Zoysiagrass sprigs and plugs can be expected to root in 5 to 10
days under optimum conditions. Full coverage of the soil by spreading plants can
be obtained in 8-12 weeks with good growing conditions and proper maintenance.

Stands may be mowed when growth requires it. Coastal and Midland growths may
be left unmowed except for once-a-year trimming to 150 millimeters (6 inches).
Turf-type Bermudagrasses may be cut at 25 to 40 millimeters (1 to 1.5 inches)..

For maintenance purposes, apply 5 kilograms actual nitrogen per 1,000 square
meters (1 lb/1000 square feet) at 30-45 day intervals after initial installation until
August 15th. Fertilizer must be of a type in which 5070 or more of the nitrogen is
water-insoluble.
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BMP: MULCHING

Definition

Application of plant residues or other suitable materials to the soil surface.

Purposes

1. To prevent erosion by protecting the soil surface from raindrop impact and
reducing the velocity of overland flow.

2. To foster the growth of vegetation by increasing available moisture and
providing insulation against “extreme heat and cold.

Conditions Where Practice Applies

1. Areas which have been permanently seeded (see BMP-32, PERMANENT
SEEDING) should be mulched immediately following seeding.

2. Areas which cannot be seeded because of the season should be mulched to
provide some protection to the soil surface. An organic mulch should be
used, and the area then seeded as soon weather or seasonal conditions
permit. It is not recommended that fiber mulch be used alone for this
practice; at normal application rates it just simply does not provide the
protection that is achieved using other types of mulch.

3. Mulch may be used together with plantings of trees, shrubs, or certain ground
covers which do not provide adequate soil stabilization by themselves.

4. Mulch shall be used in conjunction with temporary seeding operations as
specified in TEMPORARY SEEDING, BMP-31.

Planninq Considerations

Mulches are applied to the soil surface to conserve a desirable soil property or to
promote plant growth. A surface mulch is one of the most effective means of
controlling run-off and on disturbed land.
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Mulches can increase the infiltration rate of the soil, reduce soil moisture loss by
evaporation, prevent crusting and sealing of the soil surface, modify soil
temperatures, and provide a suitable microclimate for seed germination.

Organic mulch materials, such as straw, wood chips, bark, and fiber mulch have
been found to be the most effective.

Chemical soil stabilizers or soil binders should not be used alone for mulch. These
materials are useful to bind organic mulches together to prevent displacement.

A variety of manufactured SOIL STABILIZATION BLANKET’S AND MATTING (see
BMP-36) have been developed for erosion control in recent years. Some of these
products can be used as mulches, particularly in critical areas such as waterways.
They also may be used to hold other mulches to the soil surface.

The choice of materials for mulching will be based on the type of soil to be
protected, site conditions, season and economics. It is especially important to
mulch liberally in midsummer and prior to winter, and on cut slopes and southern
slope exposures.

Organic Mulches -

Straw - The mulch most commonly used in conjunction with seeding. The straw
should come from wheat or oats (free of troublesome weed seeds) and may be
spread by hand or machine. Straw can be windblown and must be anchored down
by an acceptable method.

Hay - May be used in lieu of straw where volunteers will not present a problem, and
may be spread by hand or machine. Hay can be windblown and must also be
anchored or tacked down.

Corn Stalks - These should be shredded into 100 to 150 millimeter (4 to 6 inch)
lengths. Stalks decompose slowly and are resistant to displacement.

Wood Chips - Suitable for areas that will not be closely mowed, and around
ornamental plantings. Chips decompose slowly and do not require tacking. They
must be treated with 6 kilograms of nitrogen per 1000 kilograms of chips (12 pounds
per ton) to prevent nutrient deficiency in plants; however, can be a very inexpensive
mulch if chips are obtained from trees cleared on the site.

Bark Chips, Shredded Bark - These are by-products of timber processing which are
used in landscaped plantings. Bark is also a suitable mulch for areas planted to
grasses and not closely mowed. It may be applied by hand or mechanically and is
not usually toxic to grasses or legumes; additional nitrogen fertilizer is not required.
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Fiber Mulch - Used in hydroseeding operations and applied as part of the slurry. It
creates the best seed-soil contact when applied over top of (as a separate
operation) newly seeded areas. These fibers do not require tacking, although
tacking agents or binders are sometimes used in conjunction with the application of
fiber mulch. This form of mulch does not provide sufficient protection to highly
erodible soils. Additionally, fiber mulch will not be considered adequate mulch when
used during the dry summer months or when used for late fall mulch cover. Use
straw mulch during these periods. Fiber mulch may be used to tack (anchor) straw
mulch. This treatment is well suited for steep slopes, critical areas, and areas
susceptible to displacement.

There are other organic materials which
available locally or seasonally. Creative

Chemical Mulches and Soil Binders -

make excellent mulches but are only
use of these materials can reduce costs,

A wide range of synthetic, spray-on materials are marketed to stabilize and protect
the soil surface. These are emulsions or dispersions of vinyl compounds, rubber or
other substances which are mixed with water and applied to the soil. They may be
used alone in some cases as temporary stabilizers, or in conjunction with fiber
mulches or straw.

When used alone, chemical mulches do not have the capability to insulate the soil
or retain soil moisture that organic mulches have. This soil protection is also easily
damaged by tratic. Application of these mulches is usually more expensive than
organic mulching, and the mulches decompose in 60-90 days.

Blankets and Matting -

Field experience has shown that plastic netting, when used alone, does not retain
soil moisture or modify soil temperature. In some cases it may stabilize the soil
surface while grasses are being established, but is primarily used in grassed
waterways and on slopes to hold straw or similar mulch in place.

Jute mesh and other soil stabilization blankets are good choices for mulching on
difficult slopes and in minor drainage swales. Most of the soil stabilization mattings
(used to create a permanent matrix for root growth within the soil) must receive
mulching in order to properly stabilize an area. Notably, some manufacturers have
recently developed permanent mattings which include self-contained, temporary
mulching materials; however, these measures will have to meet the requirements
noted in BMP-36, SOIL STABILIZATION BLANKET’S AND MATTING, before they
can be recommended for use on steep slopes and in channel flow situations.
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The most critical aspect of installing blankets and mats is obtaining firm continuous
contact between the material and the soil. Without such contact, the material may
fail and thereby allow erosion to occur. It is important to use an adequate number
of staples and make sure the material is installed properly in order to maximize soil
protection. These products are discussed in more detail in BMP-36, SOIL
STABILIZATION BLANKETS & MATTING.

S~ecifications

Mulches -

Organic mulches
restrictions noted

may be used in any area where mulch is required, subject to the
in Table 35-1.

mulch material based on site requirements, availability of materials,Materials: Select
and availability of labor and equipment. Table 35-1 lists the most commonly used
organic mulches. Other materials, such as peanut hulls and cotton burs, may be
used With the permission of the

Prior to mulching: Complete the
control practices.

local Plan-Approving Authority.

required grading and install needed sediment

Lime and fertilizer should be incorporated and surface roughening accomplished as
needed. Seed should be applied prior to mulching except in the following cases:

a. Where seed
fiber mulch.

b. Where seed
winter months.

is

is

to be applied as part of a hydroseeder slurry containing

to be applied following a straw mulch spread during

~shall be spread uniformly, by hand or machine. WhenApplication: Mulch materials
spreading straw mulch by hand, divide” the area to be mulched into approximately
100 square meter (1 ,000 square feet) sections and place 34-44 kilograms of straw
in each 100 square meter section to facilitate uniform distribution (70-90 Ibs of straw
per 1,000 square foot section).

Mulch Anchoring: Straw mulch must be anchored immediately after spreading to
prevent displacement. Other organic mulches listed in Table 35-1 do not require
anchoring. The following methods of anchoring straw may be used:
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TABLE 35-1
ORGANIC MULCH MATERIALS AND APPLICATION RATES

MULCHES RATES NOTES

Kilograms per Pounds per
1,000 Sq. 1000 sq. feet
meters

Straw or Hay 340-440 kg 70-90 Ibs. Free from weeds and
coarse matter. Must be
anchored. Spread with
mulch blower or by hand.

Fiber Mulch 170 kg 35 Ibs. Do not use as mulch for
winter cover or during
hot, dry periods.* Apply
as slurry.

Corn Stalks 905-1,345 kg 185-275 Ibs. Cut or shredded in 4-6”
lengths. Air-dried. Do
not use in fine turf areas.
Apply with mulch blower
or by hand.

Wood Chips 905-1,345 kg 185-275 Ibs. Free of coarse matter.
Air dried. Treat with 12
Ibs nitrogen per ton. Do
not use in fine turf areas.
Apply with mulch blower,
chip handler, or by hand.

Bark Chips or 0.8 -1.5 cubic 1-2 cubic yards Free of coarse matter.
Shredded Bark meters Air dried. Do not use in

fine turf areas. Apply
with mulch blower, chip
handler, or by hand.

When fiber mulch is the only available mulch during periods when straw should
be used, apply at a minimum rate of 220 kg/1 ,000 square metes (45 lbs./1000
Sq. ft.)
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1. Mulch anchoring tool (often referred to as a Krimper or Krimper Tool): This is
a tractor-drawn implement designed to punch mulch into the soil surface.
This method provides good erosion control with straw. It is limited to use on
slopes no steeper than 3:1, where equipment can operate safely. Machinery
shall be operated on the contour.

2. Fiber Mulch: A very common practice with widespread use today. Apply fiber
mulch by means of a hydroseeder at a rate of 560-840 kilograms per hectare
(500-750 pounds per acre) over top of straw mulch or hay. It has an added
benefit of providing additional mulch to the newly seeded area.

3. Liquid mulch binders: Application of liquid mulch binders and tackifiers should
be heaviest at edges of areas and at crests of ridges and banks, to prevent
displacement. The remainder of the area should have binder applied
uniformly. Binders may be applied after mulch is spread or may be sprayed
into the mulch as it is being blown onto the soil.

The following types of binders may be used:

a. Synthetic binders - Formulated binders or organically formulated
products may be used as recommended by the manufacturer to
anchor mulch.

b. Asphalt* - Any type of asphalt thin enough to be blown from
spray equipment is satisfactory. Recommended for use are
rapid curing (RC-70, RC-250, RC-800), medium curing (MC-250,
MC-800) and emulsified asphalt (SS-1, CSS-I, CMS-2, MS-2,
RS-I, RS-2, CRS-I, and CRS-2).

Apply asphalt at 0.5 liters per square meter (10 gallons per
1,000 square feet). Do not use heavier applications as it may
cause the straw to “perch” over rills. All asphalt designations
are from the Asphalt Institute Specifications.

*Note: This particular method is not used as commonly today as it once was
in the past. The development of hydraulic seeding equipment
promoted the industry to turn to synthetic or organically based binders
and tackifiers. When this method is used, environmental concerns
should be addressed to ensure that petroleum-based products do not
enter valuable water supplies. Avoid applications into waterways or
channels.

4. Mulch netting: Lightweight plastic, cotton, or paper nets may be stapled over
the mulch according to manufacturer’s recommendations.
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5, Peg and twine: Because it is labor-intensive, this method is feasible only in
small areas where other methods cannot be used. Drive 200 to 250
millimeter (8- to 10-inch) wooden pegs to within 75 millimeters (3 inches) of
the soil surface, every 1 meter (4 feet) in all directions. Stakes may be driven
before or after straw is spread. Secure mulch by stretching twine between
pegs in a criss-cross-within-a square pattern. Turn twine 2 or more times
around each peg.

Chemical Mulches -

Chemical mulches* may be used alone only in the following situations:

a.

b.

c.

Notec-

Where no other mulching material is available.

In conjunction with temporary seeding during the times when mulch is
not required for that practice.

From March 15 to May 1 and August 15 to September 30, provided
that they are used on areas with slopes no steeper than 4:1, which
have been roughened in accordance with SURFACE ROUGHENING,
BMP-29. If rill erosion occurs, another mulch material shall be applied
immediately.

Chemical mulches may be used to bind other mulches or with fiber
mulch in a hydroseede-d slurry at any time. Manufacturer’s
recommendations for application of chemical mulches shall be followed.

Maintenance

All mulches and soil coverings should be inspected periodically (particularly after
rainstorms) to check for erosion. Where erosion is observed in mulched areas,
additional mulch should be applied. Nets and mats should be inspected after
rainstorms for dislocation or failure. If washouts or breakage occur, re-install netting
or matting as necessary after repairing damage to the slope or ditch. Inspections
should take place up until grasses are firmly established. Where mulch is used in
conjunction with ornamental plantings, inspect periodically throughout the year to
determine if mulch is maintaining coverage of the soil surface; repair as needed.
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BMP-36

BMP: SOIL STABILIZATION BLANKETS & MATTING

Definition

The installation of a protective covering (blanket) or a soil stabilization mat on a
prepared

Purpose

To aid in

planting area of a steep slope, channel or shoreline.

controlling erosion on critical areas by providing a microclimate which
protects young vegetation and promotes its establishment. In addition, some types
of soil stabilization mats are also used to raise the maximum permissible velocity of
turf grass stands in channelized areas by “reinforcing the turf’ to resist the forces of
erosion during storm events.

Conditions Where Practice Applies

On short, steep slopes where erosion
slow in providing adequate protective

hazard is high and planting is likely
cover; in vegetated channels where

velocity of design flow exceeds “allowable” velocity;
shorelines where moving water is likely to wash out
where the forces of wind prevent standard mulching
place until vegetation becomes established.

to be too
the

on streambanks or tidal
new plantings; or in areas
practices from remaining in

Planninq Considerations

Soil stabilization blankets and mats can be applied to problem areas to supplement
nature’s erosion control system (vegetation) in” its initial establishment and in
providing a safe and “natural” conveyance for high velocity stormwater runoff. They
are being used today in many applications were previously a structural lining would
have been required. Care must be taken to choose the type of blanket or matting
which is most appropriate for the specific needs of a project. Two general types of
blankets and mats are discussed within this management practice. However, with
the abundance of soil stabilization products available today, it is impossible to cover
all the advantages, disadvantages and specifications of all manufactured blankets
and mats. Therefore, as with many erosion control-type products, there is no
substitute for a thorough understanding of the manufacturer’s instructions and
recommendations and a site visit by a designer or plan reviewer to verify a product’s
appropriateness,
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Treatment-1 is a degradable soil stabilization blanket which includes “combination”
blankets consisting ofa plastic netting which covers and is intertwined with a natural
organic or manmade mulch; or, a jute mesh which is typically homogeneous in
design and can act alone as a soil stabilization blanket.

It should be used to help establish vegetation on previously disturbed slopes -
normally problem slopes of 3:1 or greater. Since the materials which compose the
soil stabilization blankets will deteriorate over time, they should be used in
permanent conveyance channels with the realization that the system’s resistance to
erosion is based on the type of vegetation planted and the existing soil
characteristics. During the establishment of vegetation, Treatment-1 should not be
subjected to shallow or deep concentrated flows moving at greater than 1 meter per
second (4 feet per second).

Treatment-1 provides the following benefits in the achievement of vegetative
stabilization when properly applied over seed and. required amendments:

1. Protection of the seed and soil from raindrop impact and subsequent
displacement.

2. Thermal consistency and moisture retention for seedbed area.

3. Stronger and faster germination of grasses and legumes.

4. Planing off excess stormwater runoff.

5. Prevention of sloughing of topsoil added to steeper slopes.

Treatment-2 is a soil stabilization matting which consists of a non-degradable, 3-
dimensional plastic structure which can be filled with soil prior to planting. This
configuration provides a matrix for root growth where the matting becomes
entangled and penetrated by roots, forming continuous anchorage for sutface
growth and promoting enhanced energy dissipation. Treatment-2 can be used on
problem slopes (normally 3:1 or greater), and in stormwater conveyance channels,

In addition to those benefits noted for Treatment-1, Treatment-2 provides the
following benefits in the achievement of vegetative stabilization and in the
replacement of more traditional channel linings such as concrete and riprap:

1. Causes soil to drop out of stormwater and fill matrix with fine soils which
become the growth medium for the development of roots.

C-252



2. When embedded in the soil within stormwater channels, it acts with the
vegetative root system to form an erosion resistant cover which resists
hydraulic lift and shear forces.

Since Treatment-2 is non-degradable, it can be used in permanent conveyance
channels and can withstand higher velocities of flow than the vegetation and soil
would normally allow. However, a 3 meter per second (1O feet per second) of flow
should be the maximum allowed in a conveyance system which utilizes
Treatment-2.

TREATMENT-1 : SOIL STABILIZATION BLANKET

Allowable Velocity Range During Vegetation Establishment: O -3 meters per second
(O -4 feet per second).

Materials -

1. Combination Blankets - They shall consist of a photo-degradable plastic
netting which covers and is entwined in a natural organic or man-made
mulching material.

The mulching material shall consist of wood fibers, wood excelsior, straw,
coconut fiber, or man-made fibers, or a combination of the same. The
blanket shall be of consistent thickness with the mulching material/fibers
evenly distributed over its entire length. The mulching material/fibers must
interlock or entwine to form a dense layer which not only resists raindrop
impact, but will allow vegetation to penetrate the blanket.

The blanket shall be nontoxic to vegetation and to the germination of seed
and shall not be injurious to the unprotected skin of humans. At a minimum,
the plastic netting must cover the top side of the blanket and possess a high
web strength. The netting shall be entwined with the mulching material/fiber
to maximize strength and provide for ease of handling.

2. Jute Mesh - It shall be of a uniform, open, plain weave, of undyed and
unbleached single jute yam. The yam shall be of loosely twisted construction
and shall’ not vary in thickness by more than one half of its normal diameter.
Jute mesh shall be new and shall conform to the following:
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a. Length of jute mesh shall be marked on each roll.

b. There shall be 15 millimeter (0.60-inch) openings (+/- 25?40)between
strands, lengthwise.

c. There shall be 23 millimeter (0.90-inch) openings (+/- 25?40)between
strands, lengthwise.

d. Weight shall average 0.5 kilograms per square meter (0.90 Ibs per
square yard) with a tolerance of 5’XO.

As previously noted, jute mesh provides such good coverage (large surface
area of strands) and contains such small openings that it can be used alone
as a blanket.

3. Other Treatment-1 Products - These shall conform to manufacturer’s
specifications and be approved by the Plan-Approving Authority prior to being
specified for a particular application. These products should be installed in
accordance with manufacturer’s recommendations, provided those
recommendations are at least as stringent as this specification,

4. _ - Staples for anchorin9 Treatment-1 shall be No. 1l-9au9e wire or
heavier. Their length shall be a minimum of 150 millimeters (6 inches). A
larger staple with a length of up to 300 millimeters (12 inches) should be used
on loose, sandy, or unstable soils.

Installation Requirements
Site Preparation - After site has been shaped and graded to approved design,
prepare a friable seedbed relatively free from clods and rocks more than 25
millimeters (1 inch) in diameter and any foreign material that will prevent uniform
contact of the protective covering with the soil surface.

Planting - lime, fertilize, and seed in accordance with seeding or other type of
planting plan. When using jute mesh on a seeded area, apply approximately one-
half the seed after laying the mat, The protective covering can be laid over sprigged
areas where small grass plants have been inserted into the soil. Where ground
covers are to be planted, lay the protective covering first and then plant through the
material as per planting design.

When open-weave nets are used, lime, fertilizer, seed and mulch should be applied
before laying the net. When a combination blanket (such as an “excelsior” blanket)
is used, seed and soil amendments must also be applied -before the blanket is laid.
Orientation - See Figure 36-1 for orientation of Treatment-1 for different topographic
conditions.
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FIGURE 36-1: TYPICAL ORIENTATION OF TREATMENT-1
(SOIL STABILIZATION BLANKET)

ON SHALLOW SLOPES. STRIPS OF
NETTING PROTECTIVE COVERINGS
MAY BE APPLIED ACROSS THE SLOPE.

BERM

WHERE THERE IS A BERM AT
THE TOP OF THE SLOPE) BRING
NETTING MATERIAL OVER THE TOP
AND ANCHOR BEHIND THE BERM.

ONSTEEPsI-OP=rAPPLYPROTECTIVE
COVERINGPARALLELTO THE DIRECTION
OF FLOW AND ANCHOR SECURELY.

T-BRING MATERIAL DOWN TO A LEVEL AREA BEFORE
TERMINATING THE INSTALLATION. TURN THE END
UNDER 100mm (4-) AND STAPLE AT 300mm (12”)
INTERVALS.

. . .... J...$.:: ~o~m ~l.y)

‘.. . . .. .. . . . . \ ... . ..... . .% . . . -- . -’. .

IN DITCHES, APPLY PROTECTIVE COVERING
PARALLEL TO THE DIRECTION OF FLOW.
USE CHECK SLOTS AS REOUIRED. AVOIO
JOINING MATERIAL IN THE CENTER OF THE
DITCH IF AT ALL POSSIBLE.
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FICXJRE 36-2: TYPICAL TREATMENT-1
(SOIL STABILIZATION BLANKET)

INSTALLATION CRITERIA
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Laying and Stapling (see Figure 36-2) -lf instructions have been followed, all
needed check slots will have been installed, and the protective covering will be laid
on a friable seedbed free from clods, rocks, roots, etc. that might impede good
contact.

1. Start laying the protective covering from the top of the channel or top of slope
and unroll down-grade.

2. Allow to lay loosely on soil - do not stretch.

3. Upslope ends of the protective covering should be buried in a anchor slot no
less than 150 millimeters (6-inches) deep. Tamp earth firmly over the
material. Staple the material at a minimum of every 300 millimeters (12
inches) across the top end.

4. Edges of the material shall be stapled every meter (3 feet). Where multiple
widths are laid side by side, the adjacent edges shall be overlapped a
minimum of 50 millimeters (2 inches) and stapled together.

5. Staples shall be placed down the center, staggered with the edges at 1 meter
(3 foot) intervals.

Check slots - On highly erodible soils and on slopes steeper than 4:1, erosion check
slots should be made every 15 meters (50 feet) (see Figure 36-2). Insert a fold of
the material (separate piece) into a 150 millimeter (6-inch) trench and tamp firmly.
Staple fold to “main” blanket at minimum 300 millimeter (12 - inch) intervals across
the upstream and downstream portion of the blanket.

Note: Many combination blankets are designed and manufactured to resist
movement and uplift to a point which check slots may not be required. Plan
designers and review authorities are urged to study manufacturers’
recommendations and site conditions.

Joining Protective Coverings - Insert a new roll of material into an anchor slot, as
with upslope ends. Overlap the end of the previous roll a minimum of 300
millimeters (12 inches), and staple across the end of the roll just below the anchor
slot and across the material every 300 millimeters.

Terminal End - At the point at which the material is discontinued, or at which time
the protective covering meets a structure of some type, fold 100 millimeters (4
inches) of the material underneath and staple every 300 millimeters (12 inches)
(minimum).
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At bottom of slopes - Lead net out onto a level area before anchoring. Turn ends
under 100 millimeters (4 inches), and staple across end every 300 millimeters (12
inches).

Final Check - These installation techniques must be adhered to:

1. Protective blanket is in uniform contact with the soil.

2. All lap joints are secure.

3. All staples are driven flush with the ground.

4. All disturbed -areas have been seeded.

TREATMENT-2: SOIL STABILIZATION MATING

Allowable velocity range after vegetative establishment: O -3 meters per second
(O -10 feet per second).

Materials -

Matting - The majority of these products provide a three dimensional geomatrix of
nylon, polyethylene, or randomly oriented monofilament, forming a mat. These
products contain ultra violet (UV) inhibiting stabilizers, added to the compounds to
ensure endurance and provide “permanent root reinforcement.”

The three dimensional feature creates an open space which is allowed to fill with
soil. The roots of the grass plant become established within the mat itself, forming a
synergistic root and mat system. As the grass becomes established, the two
actually “reinforce” each other, preventing movement or damage to the soil.
Allowable velocities are increased considerably over natural turf stands.

Selection of the appropriate matting materials along with proper installation become
critical factors in the success of this practice. Consultation with the supplier or the
manufacturer and thorough evaluation of performance data to ensure proper
selection of a soil stabilization matting are also essential. Although many
manufacturers claim their products may inhibit erosion associated with channel
velocities of up to 6 meters per second (20 feet per second), it is recommended that
any velocities that exceed 3 meters per second (1O feet per second) be properly
protected with some form of structural lining (see BMP-17, STORMWATER
CONVEYANCE CHANNEL).
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Staples - Staples or anchoring methods and recommendations vary by
manufacturers. The expectation of high velocities should dictate the use of more
substantial anchoring.

Installation Requirements -

Site Preparation - After site has been shaped and graded to approved design,
prepare a friable seedbed relatively free from clods and rocks more than 25
millimeters (1 inch) in diameter, and any foreign material that will prevent contact of
the soil stabilization mat with the soil sutiace. If necessary, redirect any runoff away
from the ditch or slope during installation.

Planting - Lime, fertilizer and seed in accordance with the approved plan, paying
special attention to the plant selection that may have been chosen for the matted
area. If the area has been seeded prior to installing the mat. make sure and reseed
all areas disturbed during installation.

Mulching - Mulch (normally straw) should be applied following installation of
Treatment-2 at rates noted in BMP-35, MULCHING.

Laying and Securing - See Figures 36-3-36-5. Similar to installing Treatment-1,
but Plan Approving Authority’s requirements or manufacturer’s recommendations
must be followed as detailed. The key to achieving desired performance is
dependent upon proper installation.

Check Slots - See Figure 36-3. Matting manufacturers vary significantly in their
check slot requirements. Similar to the installation of Treatment-1, a check slot
may be required when laying Treatment-2 to “correct” the flow of water if it has the
potential to undermine the matting. Most authorities require that the sides of the
matting also be entrenched, creating a slope shelf for the material to rest on,
preventing water from entering under the mat on the sides.

Securing the Material and Joining Mats - Again, product specifications vary -
upstream and downstream terminal slots, new roll overlaps and multiple width
installations differ by various products and manufacturers.
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Final Check - These installation techniques must be adhered to:

1. Soil stabilization mat is in uniform contact with the soil.

2. All required slots and lapped joints are in place.

3. The material is properly anchored.

4. All disturbed areas are seeded.

Maintenance

All soil stabilization blankets and matting should be inspected periodically following
installation, particularly after rainstorms to check for erosion and undermining. Any
dislocation or failure should be repaired immediately. If washouts or breakage
occurs, reinstall the material after repairing damage to the slope or ditch. Continue
to monitor these areas until which time they become permanently stabilized; at that
time an annual inspection should be adequate.
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FIGURE 36-3: TYPICAL TREATMENT-2
SOIL STABILIZATION MATTING INSTALLATION
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FIGURE 36-4: TYPICAL TREATMENT-2
SOIL STABILIZATION MATTING SLOPE INSTALLATION
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FIGURE 36-5: GENERAL STAPLE PATTERN GUIDE AND RECOMMENDAT10NS
FOR TREATMENT-2 (SOI; STABILIZATION MATTING)

4
M

.

Im W)

):

A

x

90

80

75

70

60

50

45

~ 40
I STAPLE PER SO. METER 30

L
r

g

m (3’)

.5m (1’+1

20

15

10

METEK
,5m (1’-6-)

A

4% I

c

c
B

A B

3: I 2: I

D

1: I LOW ttWZ)dwHIGH
FLOW

cHAu4EL cHAr&EL

SHORELINE

x

x x
STA6LES PER SO. M

NOTEi

IR



BMP-37

BMP: TREES, SHRUBS, VINES & GROUND COVERS

Definition

Stabilizing disturbed areas by establishing vegetative cover with trees, shrubs, vines,
or ground covers.

Purposes

1. To aid in stabilizing soil in areas where vegetation other than turf is preferred.

2. To provide food and shelter for wildlife where wildlife habitat is desirable.

Conditions Where Practice Applies

1. In areas where turf establishment is difficult.

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

3. Where ornamental are desirable for landscaping purposes.

4. Where woody plants are desirable for soil conservation, or to establish
wildlife habitat.

Planninq Considerations

Disturbed areas may be stabilized in many different ways. Most frequently, a
permanent vegetative cover of grasses and legumes is established. There are
locations, however, where other types of vegetation are preferred. The following
situations are examples of ways in which trees, shrubs, vines, and ground covers
may be used:

1. On cut and fill slopes adjacent to paved areas of shopping centers, schools,
industrial parks, or other non-residential projects: woody plants and ground
covers can be used on these slopes to control erosion. They will also help to
control foot traffic, will not require as much maintenance as mowed lawns,
and will be more attractive than unmowed grass cover.
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2. In residential areas, slopes too steep to be mowed and areas along rights-of-
way or easements may be planted in trees, shrubs, vines or ground covers to
reduce maintenance and improve appearance.

3. The interested homeowner or small project developer may choose to use
ornamental plants in problem areas - shade, steep slopes, inaccessible
places - as alternatives to grass. Ground covers may be used to reduce or
eliminate the need for mowing grass on level areas.

There are vast numbers of plants that may be used for these purposes. Information
on such plants can be obtained from nurserymen, landscape architects, and
extension agents.

This practice consists, instead, of a set of general guidelines for growing trees,
shrubs, vines, and ground covers on disturbed land.

Guidelines

As noted, disturbed soil between trees and shrubs must be mulched or planted with
permanent vegetation to prevent erosion. Refer to the other vegetative practices to
select a method for stabilizing these areas.

Trees -

Selecting the Right Trees - In the urban and suburban environment, trees may be
exposed to insufficient light and water; high velocity winds; salt from highway ice
control programs; heat radiation from roads and buildings; pollutants from cars and
industry; root amputation for water, sewer, and gas lines; topping to prevent
interference with power lines; and covering of roots by pavement. New species and
varieties of trees are being selected for the modern environment on the basis of
their ability to withstand those difficult conditions and still provide the benefits
associated with having trees (see Figure 37-1 ).

Selection of trees depends on the desired function of the tree, whether it be shade,
privacy screening, noise screening, appearance, enhancement of wildlife habitat, or
a combination of these. The following characteristics of the tree should be
considered when making choices:

1. Hardiness - “Hardiness zones” are based on average annual minimum
temperature.

2. Mature height and spread - The eventual height of a tree must be considered
in relation to planting location to avoid future problems with power lines and
buildings (see Figure 37-2).
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FIGURE 37-1: BENEFITS OF TREES
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FIGURE 37-2: SPACING TREES FOR SAFETY
AND EFFECTIVE LANDSCAPING
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4.

5.

6.

7.

8.

Growth rate - Some trees attain mature height at an early age, others take
many years. If “instant shade” is desired, rapid growth is needed. Slow-
growing trees are usually less brittle and live longer.

Root system - Some trees obstruct underground pipelines with fibrous roots.

Cleanliness - Maintenance problems can be avoided by not selecting trees
that drop seedpods, flowers, or twigs in large amounts.

Moisture and fertility requirements - If good soil and drainage are not
available, trees tolerant of poor growing conditions must be planted.

Ornamental effects - If a tree is unusually attractive in appearance, some
other shortcomings may be overlooked.

Evergreen vs. deciduous - Evergreens retain their leaves throughout the year,
and so are useful for privacy screens and noise screens. Deciduous trees
drop their leaves in fall. They are preferable for shade trees.

At the same time as trees are being selected, the site where they will be planted
should be evaluated. Consider the prior use of the land; adverse soil conditions,
such as poor drainage or acidity, exposure to wind; temperature extremes; location
of utilities, paved areas, and security lighting; and traffic patterns-

Sources of trees and how they may be bought - Trees are usually available at
commercial nurseries as container-grown trees or as balled and burlapped trees.
Container-grown trees can be planted at any time of year that the ground is not
frozen, if sufficient water is provided. They should be purchased and planted when
quite young, less than 50 millimeter (2 inches) diameter trunk, to avoid dealing with
root-bound plants.

Balled and burlapped trees are usually larger; check to be sure that soil around
roots was dug with the tree and not just packed around bare roots. The soil should
have been kept moist.

Tree seedlings are available commercially and are also sold in lots of 50, 100, 500,
or 1000 by state forest nurseries. Since 50 seedlings will only plant an area of 275
square meters (3000 square feet), it is permissible to plant fairly small areas as long
as the purpose is conservation.

Planting Bare-Rooted Tree Seedlings
When - Trees to be planted as bare-rooted seedlings should be handled only while
dormant in spring, or after leaf fall in autumn. Refer to Figure 37-3 for planting
instructions.
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FIGURE 37-3: PLANTING BARE-ROOTED SEEDLINGS

SEEDUNGS-LO BE~ lMM~ATELY.IF IT IS
NECESslWTOSTORE~SS-PWK~OS~EDLINGSFOR-E
M 2 WE~KSONEPINTOFWATERPERPKG.SHOULDBE
AOOEO.IF CLAY-TRE4TED,DONOTAOOWATERTOPKG.
PMKAGE5MLISTBESEPERATEDTOPRO~DEVENTUATION

‘HE4TWG”.SEPAJ?ATEPACKAGES WITH WOOD STRIPS AND STORE
WIND IN A SI+L)ED, COOL (NOT FREEZING)-nON.

TO PREVENT
OUT OF THE

l!!!!!!“DF—WHEN PMMING, ROOTSMUSTBEKEPTMOISTUNTILTREES
AREINTHECROUND.DONOT’CARRYSEEI)LINCSIN YOUR
wD EXPOSEDTOTHEAIRN SUN.KEEPMOSS-PACKED

SEEDUNGSINA CONTAINERPACKEDWITHWETMOSSORFILLEDMll+ THICK
MUDDYWATER.CWR CIAY-TREATEDSEEDLINGSWITHW~ BURtAP ONLY.

.

lNSE~ BAR AT REMOVE BAR AND lNSEf?l 6AR lWO
INCHES TOWARD
PIANTER FROM
SEEDUNG.

PULL BAR TWARD
PIA4TER flRMING
SOL AT BOITOM
OF RooTS.

AS4fiE SHOWN AND
WSH FURWRD TO
UPRIGHT POSITION.

PIACE SEEDLING
AT CORRECT
DEPTH.

FILL IN MSTPUSH BAR FORWARCI FIRM SOIL
AROUND SEED-
UNC WITH
FEET.

TEST Pwfrmc
EY PULLING
LIC~Y ON
SEEDLING.

FROM PLANTER
FIRMING SOIL Al
10P OF ROOTS.

HOLE EY
STAMPING
WITH HEEL

4--P-.“. ...~. , ; .. ‘ . ‘,,:.;, .,. “,. s

. . . . . ,fi, .:. ..i .,. ‘,. ;
...$ ----- ..,..1. ..”.

$,. . . . . . . . . . ..!. ,.
““,.. .,., . . .. ,.:, .:,.. ...,

,. . ,-”,; ,... -
&--l%-.........,,“,. .. “.. . . .

.: .S,.$: .... ~,::.
. . . . . . .. :. .,,,.

. . . . . . . . .%:. . . . . . . .
. . ... . . . . .. . .

. . . . .. .: ..,. -.

PIANT SEEDLINGS
UPRIGHT - NOT
AT AN ANGLE.

DON’T D(POSE
ROOTS TO AIR
DURING FREEZE
OR PLANT IN
iROZEN
GROUND.

RIGHT WRONG RIGHT WRONG

*

.. 1..:
i“. .. . ., . .

... . ..

. . .. . . . ~: .: ..,-: / ~
!.. ..’,” . . . . . .:. !.

,., . . . . ., . . .. ,.
~. .,;;.,... . . ....?,. ... .,

. . ,; . ... ,

+i’--$-...........’. ...’... ; ,, ..
.,. . 8:. ... ... :“. .<. :., .+“..,, :... ., . .r.

. . . . . . . .. . . ,, ..! ‘“ “:.
. ::.,:::,.:”’ .’ ‘,.’” ‘... ,,..,,.. .

ALWAYS PLANT IN
SOIL - NEVER
LOOSE LE4VES
OR DEBRIS,
PACK SOIL
TIGHTLY.

DO NOT BEND
ROOTS SO Tli4T
THEY GROW
UPWARDS OUT
Or THE
GROUND.

C-269



When stabilizing the disturbed area between tree plantings, do not use grasses or
legumes which will overshade the new seedlings. Where possible, a circle of mulch
around seedlings will help them to compete successfully with herbaceous plants.

Transplanting Trees (Planting Balled-and-Burlapped and Container-Grown Trees)

When - Hardwoods should be transplanted in the late fall following their leaf drop.
There is a single exception to this rule: “Willow” Oaks seem to survive at a greater
rate when they are transplanted in the spring. Evergreens may be transplanted
beginning with the fall cool down period (normally September) and may continue
into spring prior to elongation of the new growth.

Tree preparation - Proper digging of a tree includes the conservation of as much of
the root system as possible, particularly the fine roots. Soil adhering to the roots
should be damp when tree is dug, and kept moist until planting. The soil (or “root”)
ball should be 12 millimeters in diameter for each millimeter of diameter of the trunk
(12 inches per inch of trunk diameter). The tree should be carefully excavated and
the soil ball wrapped in burlap and tied with rope. Use of a mechanical tree spade
is also acceptable.

Evergreens, or any trees which are to be transported for a distance, should have the
branches bound with soft rope to prevent damage.

Site Preparation - Rather than digging a planting hole, rototill or loosen with a
shovel, a shallow area the depth (height) of the soil ball and the width of five times
the diameter of the soil ball or container. Organic material can be added to the
loosened soil as long as the new material is used uniformly throughout the area.

Heavy or poorly drained soils are not good growth media for trees. When it is
necessary to transplant trees into such soils, extra care should be taken. Properly
installed drain tile will improve drainage.

Setting the tree - At the center of the prepared area, dig a shallow hole to set the
tree. The hole should allow the root ball to sit on solid ground rather than loose soil.
The upper surface of the root ball should be level with the existing soil. The tree
may be set just a few millimeters higher than its former location, especially if soil is
poorly drained. Do not set the tree lower than it was previously positioned. Soil to
be placed around the root ball should be moist but not wet (see Figure 37-4).

Set the tree in the hole and remove the rope which holds the burlap. Cut away the
burlap or, at a minimum, push it back into the bottom of the excavation. Do not
break the soil of the root ball. Fill the hole with soil half-way, and tamp firmly around
the root ball. Add water to settle the soil and eliminate air pockets. When the water
has drained off, fill the hole the remainder of the way and tamp as before.
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FIGURE 37-4: PLANTING BALLED - & - BURLAPPED
& CONTAINER-GROWN TREES
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Use extra soil to form a shallow basin around the tree, somewhat smaller than the
diameter of the root ball (Figure 37-4). This will be for holding water when the tree
is irrigated.

Note: Level the ground and eliminate these basins when winter sets in, as ice
forming in the basin might injure the trunk.

Supporting the tree - Newly planted trees may need artificial support, especially in
windy areas, to prevent excessive swaying. Stakes or guy wires may be used (see
Figure 37-4). Use rubber hose and allow some slack in the guy to encourage
strengthening of the plant. Remove all supports within six months of planting.

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

Maintenance of Tree Plantings - Like all plants, trees require water and fertilizer to
grow. Ideally, young trees should receive 25 millimeters (1 inch) of water each
week for the first two years after planting. When rain does not supply this need,
tree should be watered deeply but not any more frequent than once per week.

Transplanted trees should be fertilized one year or so after planting. There are

the

many sophisticated ways to supply fertilizer to trees, but some simple methods are
adequate. The best material for small trees is well-rotted stable manure, if it can be
obtained. Add it as a 50 millimeter (2-inch) layer of mulch around the tree annually.
If chemical fertilizers are to be used, a formulation such as 10-8-6 or 10-6-4 is
preferred. Use about 0.04 kilograms per each millimeter of trunk diameter (2
pounds per inch of trunk diameter) measured 1 meter (4 feet) from the ground.
Thus, if the trunk diameter at 1 meter was 125 millimeters (5 inches), 5 kilograms
(1O pounds) of fertilizer would be applied.

Note: Evergreens - use one-half the recommended amount of chemical
fertilizer ~ use only organic fertilizers such as cottonseed meal, bone meal,
or manure.

Fertilizer must come in contact with the roots to benefit the tree. A simple way to
insure this is to make holes in the tree’s root area with a punchbar, crowbar, or
augur. Holes should be 450 millimeters (18 inches) deep, spaced about 600
millimeters (2 feet) apart, and located around the drip line of the tree. Distribute the
necessary fertilizer evenly into these holes, and close the holes with the heel of the
shoe or by filling with topsoil or peat moss.

Fertilize trees in late fall or in early spring, before leaves emerqe.
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Shrubs

Much of what has been said about trees also applies to shrubs. A shrub is an erect,
woody plant less than 5 meters (15 feet) tall, usually with several trunks rising from
a common base. Some have the appearance of small trees, and some lie close to
the ground.

Selecting appropriate shrubs - There are so many ornamental shrubs available that
advising on the choice of any one is difFicult. Shrubs are recommended for
conservation planting because they enrich or hold the soil or encourage
development of wildlife habitat. Information on other shrubs is available from
nurserymen and extension agents.

Follow the general procedure for tree planting when planting shrubs.

Maintenance

Proper pruning, watering, and application of fertilizer every three years or so will
keep shrubs, healthy. Maintain the mulch cover or turf cover surrounding the
shrubs. A heavy layer of mulch reduces weeds and retains moisture.

VINES AND GROUND COVERS

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

In addition to stabilizing disturbed soil, vines and ground covers can perform the
following functions:

1. Maintain cover in areas where turf will not thrive.

2. Provide attractive cover that does not need mowing.

3. Help to define traffic areas and control pedestrian movement. People
are more likely to walk on the grass than to walk on a thick bed
or a prickly planting of juniper.

of ivy

Information on vines and other ground cover is available from nurserymen.

Most all ground covers perform best when planted in the spring. Container-grown
plants can be planted throughout the growing season if adequate water is provided.
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Site preparation - Ground covers are plants that naturally grow very close together,
causing severe competition for space, nutrients, and water. Soil for ground covers
should be well prepared. A well-drained soil high in organic matter is best.

If the area to be planted is so large that adding amendments to the soil as a whole
would be impractical, organic matter may be added only to each planting hole.

Lime and fertilize according to soil test, or add 25 kilograms of 10-10-10 and 50
kilograms of ground agricultural limestone to every 100 square meters (5 pounds
and 10 pounds per 100 square feet respectively). Incorporate into the top 100 to
150 millimeters (4 to 6 inches) of the soil. Add organic matter up to one-third of the
total soil volume, either over the whole area (a layer 50 millimeters (2 inches) deep
mixed into the top 150 millimeters (6 inches) or in each planting hole, if the area is
large.

Plants such as ivy, pachysandra, and periwinkle should be planted on 300 millimeter
(l-foot) centers; large plants such as juniper can be spaced on 1 meter (3-foot)
centers.

Mulching -The soil between trees and shrubs must be planted with cover vegetation
or must be mulched. When establishing ground covers, it is not desirable to plant
species that will compete strongly with the ground cover or will make maintenance
difficult. A thick, durable mulch such as shredded bark or wood chips is
recommended to prevent erosion and reduce weed problems. Pre-emergent
herbicides may be necessary where weeding is not practical.

On slopes where erosion may be a problem, jute mesh or excelsior blankets may be
installed prior to planting, and plants tucked into the soil through slits in the net.
Such plants should be put in a staggered pattern to minimize erosion.

Maintenance

Trim old growth as needed to improve the appearance of ground covers. Most
covers need once-a-year trimming to promote growth. Maintain mulch cover with
additions of mulch where needed. Fertilize as described above, every 3 to 4 years.
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BMP-38

BMP: TREE PRESERVATION & PROTECTION

Definition

Protection of desirable trees from mechanical and other injury during land disturbing
and construction activity.

Pumose

To ensure the survival of desirable trees where they will be effective for erosion and
sediment control, watershed protection, landscape beautification, dust and pollution
control, noise reduction, shade and other environmental benefits while the Iand is
being converted from forest to urban-type uses.

Conditions Where Practice Applies

Tree-inhabited areas subject to land disturbing activities.

Planning Considerations

New development often takes place on tracts of forested land. In fact, building sites
are often selected because of the presence of mature trees. However, unless
sufficient care is taken and planning done in the interval between buying the
property and completing construction, much of this resource is likely to be
destroyed. The property owner is ultimately responsible for protecting as many
trees as possible, with their understory and ground cover. This responsibility is
usually exercised by agents - the planners, designers and contractors. It takes 20
to 30 years for newly planted trees to provide the benefits for which we value trees
so highly. Trees perform the following functions on a site:

1. Assist in stabilizing the soil and preventing erosion.

2. Help to decrease stormwater runoff through canopy interception and root
zone absorption.

3. Moderate temperature changes and provide shade.
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10

Moderate the effects of sun and wind.

Provide buffers and screens against noise.

Filter pollutants from the air.

Help to remove carbon dioxide from the air and release oxygen.

Provide a haven for animals and birds, which help to control insect
populations.

Conserve and increase property values.

Provide psychological and aesthetic counterpoints to the man-made urban
setting.

Stresses of Construction -

Trees may appear to be inanimate objects, but they are living organisms that are
constantly involved in the process of respiration, food processing, and growth.
Construction activities expose trees to a variety of stresses resulting in injury
ranging from superficial wounds to death. An understanding of these stresses is
helpful in planning for tree protection.

1. Surface Impacts: Natural and man-related forces exerted on the tree above
the ground can cause significant damage to trees.

a. Wmd damage - Removal of some trees from groups will expose those
remaining to greater wind velocities. Trees tend to develop anchorage
where it is most needed. Isolated trees develop anchorage rather
equally all around, with stronger root development on the side of the
prevailing winds. The more a tree is protected from the wind, the less
secure is its anchorage. The result of improper thinning is often wind-
thrown trees. Selective removal in favor of a single tall tree may also
create a lightning hazard.

b. Excessive pruning - Unprotected trees are otten “topped” or carelessly
pruned to prevent interference with utility wires or buildings. If too
many branches are cut, the tree may not be able to sustain itself. If
the pruning is done without considering the growth habit, the tree may
lose all visual appeal. If the branches are not pruned correctly, decay
may set in.
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c. Trunk damage - Tree trunks are often nicked or scarred by trucks
and construction equipment. Such supet%cial wounds provide access
to insects and disease.

2. Root Zone Impacts: Disturbing and delicate relationship between soil, roots,
and the rest of the tree can damage or kill a tree. The roots of an existing
tree are established in an area where essential materials (water, oxygen, and
nutrients) are present. The mass of the root system is the correct size to
balance the intake of water from the soil with the transpiration of water from
the leaves.

a.

b.

c.

d.

e.

f.

9.

h.

Raising the grade as little as 150 millimeters (6 inches) can retard the
normal exchange of air and gases. Roots may suffocate due to lack of
oxygen, or be damaged by toxic gases and chemicals released by soil
bacteria.

Raising the grade may also elevate the water table. This can cause
drowning of the deeper roots.

Lowering the grade is not usually as damaging as raising it. However,
even shallow cuts of 150 to 200 millimeters (6 to 8 inches) will remove
most of the topsoil, removing some feeder roots and exposing the rest
to drying and freezing.

Deep cuts may sever a large portion of the root system, depriving the
tree of water and increasing the chance of wind-throw.

Lowering the grade may lower the water table, inducing drought. This
is a problem in large roadway cuts or underdrain installations.

Trenching or excavating through a tree’s root zone can eliminate as
much as 40 percent of the root system. Trees suffering such damage
usually die within 2 to 5 years.

Compaction of the soil within the drip line (even a few feet beyond the
drip line) of a tree by equipment operation, materials storage, or paving
can block off air and water from roots.

Construction chemicals or refuse disposed of in the soil can change
soil chemistry or be toxic to trees. Most damage to trees from
construction activities is due to the invisible root zone stresses.
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Desian Criteria

No formal design is required. However, in planning for the development of a
wooded site where some trees will be preserved, a number of criteria must be
considered.

Selecting Trees to be Retained -

The proper development of a wooded site requires completion of a plan for tree
preservation before clearing and construction begins. Trees should be identified by
species, and located on a topographical map, either as stands or as individuals,
depending on the density and value of the trees. Base decisions on which trees to
save on the following considerations:

1. Life expectancy and present age: Preference should be given to trees
with a long life span, such as white oak, beech, and maple. Long-lived
specimens that are past their prime may succumb to the stresses of
construction, so smaller, younger trees of desirable species are
preferred; they are more resilient and will last longer. However, if the
cost of preservation is greater than the cost of replacement with a
specimen of the same age and size, replacement may be preferred.

2. Health and disease susceptibility: Check for scarring caused by fire or
lightning, insect or disease damage, and rotted or broken trunks or
limbs. Pest- and pollution-resistant trees are preferred.

3. Structure: Check for structural defects that indicate weakness or
reduce the aesthetic value of a tree: trees growing from old stumps,
large trees with overhanging limbs that endanger property, trees with
brittle wood (such as silver maple), misshapen trunks or crowns, and
small crowns at the top of tall trunks. Open grown trees often have
better form than those grown in the woods. Trees with strong tap or
fibrous root systems are preferred to trees with weak rooting habits.

4. Cleanliness: Some trees such as elm and black locust are notoriously
“dirty”, dropping twigs, bark, fruit, or plant exudates. A clean tree is
worth more than a dirty one. Trees which seed prolifically or sucker
profusely are generally less desirable in urban areas. Thornless
varieties are preferred.

5. Aesthetic values: Handsome bark and leaves, neat growth habit, fine
fall color, and attractive flowers and fruit are desirable characteristics.
Trees that provide interest during several seasons of the year enhance
the value of the site.
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6. Comfort: Trees help relieve the heat of summer and buffer strong
winds throughout the year. Summer temperatures may be 10 degrees
cooler under hardwoods than under conifers. Deciduous trees drop
their leaves in winter, allowing the sun to warm buildings and soil.
Evergreens are more effective wind buffers.

7. Wildlife: Preference should be given to trees that provide food, cover,
and nesting sites for birds and game.

8. Adaptability to the proposed development:

a. Consider the mature height and spread of trees; they may
interfere with proposed structures and overhead utilities. Roots
may interfere with walls, walks, driveways, patios, and other
paved surfaces; or water lines, septic tanks, and underground
drainage.

b. Trees must be appropriate to the proposed use of the
development; select trees which are pollution-tolerant for high-
traffic and industrial areas, screen and buffer trees for noise or
objectionable views, salt-tolerant species for areas exposed to
deicing salts or ocean spray.

c. Consider location of landfills. Gases generated in them can
travel long distances underground, to injure distant trees.
Choose species tolerant of anaerobic soil conditions.

d. Determine the effect of proposed grading on the water table.
Grading should not take place within the drip line of any tree to
be saved.

9. Survival needs of the tree: Chosen trees must have enough room to
develop naturally. They will be subject to injury from increased
exposure to sunlight, heat radiated from buildings and pavement, and
wind. It is best to retain groups of trees rather than individuals. As
trees mature, they can be thinned gradually.

10. Relationship to other trees: Individual species should be evaluated in
relation to other species on the site. A species with low value when
growing among hardwoods will increase in value if it is the only species
present. Trees standing alone generally have higher landscape value
than those in a wooded situation. However, tree groups are much
more effective in preventing erosion and excess stormwater runoff.
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Site Planning for Tree Protection -

1.

2.

3.

4.

5.

6.

7.

If lot size allows, select trees to be saved before siting the buildinq. No tree
should
is final.

Critical
in their

Locate

be destroyed or altered until the design of bui~ings and u~lity systems

areas, such as flood plains, steep slopes, and wetlands, should be left
natural condition or only partially developed as open space.

roadways to cause the least damage to valuable stands. Follow
original contours, where feasible, to minimize cuts and fills.

Minimize trenching by locating several utilities in the same trench.
Excavations for basements and utilities should be kept away from the drip line
of trees.

Construction material storage areas and worker parking should be noted on
the site plan, and located where they will not cause compaction over roots.

When retaining existing trees in parking areas, leave enough ground
ungraded beyond the drip line of the tree to allow for its survival.

Locate erosion and sediment control measures at the limits of clearing and
not in wooded areas, to prevent deposition of sediment within the drip line of
trees being preserved. Sediment basins should be constructed in the natural
terrain, if possible, rather than in locations where extensive grading and tree
removal will be required.

S~ecifications

1. Groups of trees and individual trees selected for retention shall be accurately
located on the plan and designated as “tree(s) to be saved.” Individual
specimens that are not part of a tree group shall also have their species and
diameter noted on the plan.

2, At a minimum, the limits of clearing shall be located outside the drip line of
any tree to be retained and, in no case, closer than 1.5 meters (5 feet) to the
trunk of any tree.

3. Marking: Prior to construction and before the preconstruction conference,
individual trees and stands of trees to be retained within the limits of clearing
shall be marked at a height visible to equipment operators. A diagonal slash

C-280



of brightly colored paint approximately 200 to 250 millimeters (8 to 10 inches)
in length is a common practice in areas where an accidental or purposeful
alteration of the proper markings is a concern. In most situations, such as an
area which is supposed to receive formal landscaping, a surveyor’s ribbon or
a similar material applied at a reasonable height encircling the tree will
suffice.

4. Pre-Construction Conference: During any preconstruction conference, tree
preservation and protection measures should be reviewed with the contractor
as they apply to that specific project.

5. Equipment Operation and Storage: Heavy equipment, vehicular traffic, or
stockpiles of any construction materials (including topsoil) shall not be
permitted within the drip line of any tree to be retained. Trees being removed
shall not be felled, pushed or pulled into trees being retained. Equipment
operators shall not clean any part of their equipment by slamming it against
the trunks of trees to be retained.

6. Fires: Fires shall not be permitted within 30 meters (100 feet) from the drip
line of any trees to be retained. Fires shall be limited in size to prevent
adverse effects on trees, and kept under surveillance.

7. Storage and Disposal of Toxic Materials: No toxic materials shall be stored
closer than 30 meters (100 feet) to the drip line of any trees to be retained.
Paint, acid, nails, gypsum board, wire, chemicals, fuels, and lubricants shall
not be disposed of in such a way as to injure vegetation.

8. Fencing and Armoring (See Figure 38-1 ): Any device may be used which will
effectively protect the roots, trunk and tops of trees retained on the site.
However, trees to be retained within 12 meters (40 feet) of a proposed
building or excavation shall be protected by fencing. Personnel must be
instructed to honor protective devices. The devices described are suggested
only, and are not intended to exclude the use of other devices which will
protect the trees to be retained. *%

a. Snow Fence - Standard 1 meter (40-inch) high snow fence shall be
placed at the limits of clearing on standard steel posts set 2 meters
(6 feet) apart.

b. Board Fence - Board fencing consisting of 100 millimeter (4-inch)
square posts set securely in the ground and protruding at least 1
meter (4 feet) above the ground shall be placed at the limits of clearing
with a minimum of two horizontal boards between posts. If it is not
practical to erect a fence at the drip line, construct a triangular fence
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FIGURE 38-1: FENCING AND ARMORING

CORRECT METHODS OF TREE FENCING

M

CORRECT TRUNK ARMORING

TRIANGULAR BOARD FENCE
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nearer the trunk. The limits of clearing will still be located at the drip
line, since the root zone within the drip line will still require protection.

c. Posts with a minimum size of 50 millimeters (2 inches) square or 50
millimeters in diameter set securely in the ground and protruding at
least 1 meter (4 feet) above the ground shall be placed at the limits of
clearing with two rows of cord 6 millimeters (0.25 inches) or thicker at
least 600 millimeters (2 feet) apart running between posts with strips of
colored surveyor’s flagging tied securely to the string at intervals no
greater than 1 meter (3 feet).

d. Plastic Fencing -1,000 millimeters (40 inches) high “international
orange” plastic (polyethylene) web fencing secured to conventional
metal “T” or “U” posts driven to a minimum depth of 450 millimeters (18
inches) on 2 meter (6-foot) minimum centers shall be installed at the
limits of clearing. The fence should have the following minimum
physical qualities:

Tensile yield: Average 745 kilograms per meter width
(2,000 pounds per 4-foot width)

Ultimate tensile yield: Average 1,080 kilograms per meter width
(2,900 Ibs. per 4-foot width)

Elongation at break (940): Greater than 1000?40

Chemical resistance: Inert to most chemicals and acids

e. Earth Berms - Temporary earth berms shall be constructed according
to specifications for a TEMPORARY DIVERSION DIKE (BMP-9) with
the base of the berm on the tree side located along the limits of
clearing. Earth berms may not be used for this purpose if their
presence will conflict with drainage patterns.

f. Additional Trees - Additional trees may be left standing as protection
between the trunks of the trees to be retained and the limits of clearing.
However, in order for this alternative to be used, the trunks of the trees
in the buffer must be no more than 2 meters (6 feet) apart to prevent
passage of equipment and material through the buffer. These
additional trees shall be reexamined prior to the completion of
construction and either be given sufficient treatment to ensure survival
or be removed.
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9. Trunk Armoring - As a last resort, a tree trunk can be armored with
burlap wrapping and 50 millimeter (2-inch) studs wired vertically no
more than 50 millimeters apart toa height of 1.5 meters (5 feet)
encircling the trunk. If this alternative is used, the root zone within the
drip line will still require protection. Nothing should ever be nailed to a
tree.

Fencing and armoring devices shall be in place before any excavation or
grading is begun, shall be kept in good repair for the duration of construction
activities, and shall be the last items removed during the final cleanup after
the completion of the project,

9. Raising the grade: When the ground level must be raised around an existing
tree or tree group, the following considerations shall be made and steps taken
to adequately care for the affected tree.

a. A well may be created around the tree(s) slightly beyond the drip line
to retain the natural soil in the area of the feeder roots.

b. In the case of an individual tree, when the above alternative is not
practical or desirable, the following method is recommended to ensure
survival of the tree (See Figure 38-2).

1)

2)

3)

Before making the fill, remove the green vegetation, sod, leaf
litter, and other organic matter from beneath the tree or trees to
a distance of 1 meter (3 feet) beyond the drip line and loosen
the surface soil to a depth of approximately 75 millimeters (3
inches) without damaging the roots.

Apply fertilizer in the root area of the tree to be retained.
Fertilizer formulations and application rates and methods shall
conform to the guidelines provided in Table 38-1.

The dry well shall be constructed so as to allow for tree trunk
diameter growth. A space of at least 0.3 meters (1 foot)
between the tree trunk and the well wall is adequate for large,
old, slow-growing trees. Clearance for younger trees shall be at
least 0.6 meters (2 feet).
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FIGURE 38-2: TREE WELL DETAIL
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TABLE 38-1

TREE FERTILIZATION FOR PROTECTION FROM CONSTRUCTION ACTIVITY

Tree Type Special Conditions Application Rate & Method Formulation

Broad-Leaf Greater than 150 millimeters Normal 36-70 grams per mm (2-4 Ibs/in) Commercial 10-8-6 or 10-6-4
Deciduous (6 inches) dbh’ except American dbh; broadcast

Beeches and Crabapples
Grade 70-90 grams per mm (4-5 Ibs/in) Commercial 10-6-4
Change dbh; broadcast

Smaller than 150 millimeters Normal 18-36 grams per mm (1-2 lbs/in) Commercial 10-8-6 or 10-6-4
(6 inches) dbh, including all dbh; broadcast
American Beeches and Crabapples

Grade 36-54 grams per mm (2-3 lbs/in) Commercial 10-6-4
Change dbh; broadcast

Narrow-Leaf Greater than 150 millimeters 10-20 kilograms per 100 square meters (2-4 Ibs Commercial 10-6-4
Evergreen (6 inches) dbh, located groups per 100 square feet) of bed area; broadcast

Greater than 150 millimeters 36 grams per mm (2 lbs/in) dbh; broadcast Commercial 10-6-4
(6 inches) dbh, single specimens
in open area

Smaller than 150 millimeters 25 kilograms per 100 square meters (5 Ibs per 100 Tankage or Cottonseed Meal
(6 inches) dbh square feet) of bed area; incorporated into soil

Broad-Leaf Where nitrogen in soil is sufficient Liberal quantities incorporated into soil and applied
Evergreen

Acid Peat Moss or Rotted
as mulch Oak Leaf Mold

Where additional nitrogen is Also add 25 kilograms per 100 square meters (5 Tankage or Cottonseed Meal
necessary Ibs per 100 square feet) of bed area incorporated

into soil

*dbh = Diameter at breast height 1.4 meters (4.5) feet above ground level



4) The well shall be high enough to bring the top just above the
level of the proposed fill. The well wall shall taper slightly away
from the tree trunk at a rate of 80 millimeters per meter of wall
height (1 inch per foot of wall height).

5) The well wall shall be constructed of large stones, brick, building
tile, concrete blocks, or cinder blocks with care being taken to
ensure that ample openings are left through the wall of the well
to allow for free movement of air and water. Mortar shall only be
used near the top of the well and only above the porous fill.

6) Drain lines composed of 100 millimeter (4-inch), high-quality
drain tiles shall begin at the lowest point inside the well and
extend outward from the tree trunk in a wheel-and-spoke pattern
with the trunk as the hub. These radial drain lines shall slope
away from the well at a rate of 10 millimeters per meter (O.125
inches per foot). The circumferential line of tiles should be
located beneath the drip line of the tree. Vertical tiles or pipes
shall be placed over the intersections of the two tile systems if a
fill of more than 600 millimeters (2 feet) is contemplated. These
vertical tiles shall be held in place with stone fill. Tile joints shall
be tight. A few radial tiles shall extend beyond each intersection
and shall slope sharply downward to ensure good drainage.

7) Tar paper or its approved equivalent shall be placed over the tile
and/or pipe joints to prevent clogging, and large stone shall be
placed around and over drain tiles and/or pipes for protection.

8) A layer of 50 to 150 millimeters (2 to 6 inches) of stone shall be
placed over the entire area under the tree from the well outward
at least as far as the drip line. For fills up to 600 millimeters
(2-feet) deep, a layer of stone 200 to 300 millimeters (8 to 12
inches) thick should be adequate. A thicker layer of this stone,
not to exceed 760 millimeters (30 inches), will be needed for
deeper fills.

9) A layer of 20 to 25 millimeters (0.75 to l-inch) stone covered by
straw, fiber-glass mat or a manufactured filter fabric shall be
used to prevent soil from clogging the space between stones.
Cinders shall not be used as fill material.

1o) Filling shall be completed with porous soil such as topsoil until
the desired grade is reached. This soil shall be suitable to
sustain specified vegetation.
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11) To prevent clogging of the drain lines, crushed stone shall be
placed inside the dry well over the openings of the radial tiles.
Vertical tiles shall also be filled with crushed rock and may also
be covered with a screen.

12) To prevent anyone from falling into the dry well and leaves and
debris from accumulating there, the area between the trunk and
the well wail shall either be covered by an iron grate or filled with
a 50-50 mixture of crushed charcoal and sand. (This will also
prevent rodent infestation and mosquito breeding).

c. Where water drainage through the soil is not a problem, coarse gravel
in the fill may be substituted for the tile. This material has sufficient
porosity to ensure air drainage. instead of the vertical tiles or pipes in
the system, stones, crushed rock, and gravel may be added so that the
upper level of these porous materials slants toward the surface in the
vicinity below the drip line (see Figure 38-3).

d. Raising the grade on only one side of a tree or group of trees may be
accomplished by constructing only half of one of these systems.

FIGURE 38-3: TREE WELL WITHOUT DRAIN TILES
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10. Lowering the grade: Trees shall be protected from harmful grade cuts by the
construction of a tree wall (See Figure 38-4).

a. Following excavation, all tree roots that are exposed and/or damaged
shall be trimmed cleanly, painted with tree paint, and covered with moist
peat moss, burlap, or other suitable material to keep them from drying
out.

b. The wall shall be constructed of large stones, brick, building tile, or
concrete block or cinder block in accordance with the detail in
Figure 38-4.

c. Backfill with peat moss or other organic material or with topsoil to retain
moisture and aid in root development.

d. Apply fertilizer and water thoroughly. Fertilizer formulations and
application rates and methods shall conform to the guidelines provided
in Table 38-1.

e. Prune the tree crown, reducing the leaf surface in proportion to the
amount of root loss.

f. Provide drainage through the wall so water will not accumulate behind
the wall.

9. Lowering the grade on only one side of a tree or group of trees may be
accomplished by constructing only half of this system.
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FIGURE 38-4: TREE WALL DETAIL
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11. Trenching and Tunneling:

a. Trenching shall be done as far away from the trunks of trees as
possible, preferably outside the branches or crown spreads of trees, to
reduce the amount of root area damaged, or killed by trenching
activities.

b. Wherever possible, trenches should avoid large roots or root
concentrations. This can be accomplished by curving the trench or by
tunneling under large roots and areas of heavy root concentration.

c. Tunneling is more expensive initially, but it usually causes less soil
disturbance and physiological impact on the root system (Figure 38-5).
The extra cost may offset the potential cost of tree removal and
replacement should the tree die.

FIGURE 38-5: TRENCHING VS. TUNNELING
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12.

d.

e.

f.

9.

h.

i,

Tunneling is almost always preferred over the trenching method.
The tunnel should be 450 millimeters (18 inches) or greater below the
ground surface and should not be located under the center of the tree
(an off-center tunnel has the least impact on the roots).

Roots shall not be left exposed to the air. They shall be covered with
soil as soon as possible or protected and kept moistened with wet
burlap or peat moss until the trench or tunnel can be filled.

The ends of damaged and cut roots shall be cut off smoothly and
protected by painting promptly with a tree-wound dressing.

Trenches and tunnels shall be filled as soon as possible. Air spaces in
the soil shall be avoided by careful filling and tamping.

Peat moss or other suitable material shall be added to the fill material
as an aid to inducing and developing new root growth.

The tree shall be mulched and fertilized to conserve moisture, stimulate
new root growth, and enhance general tree vigor.

[f a large amount of the root system has been damaged and killed, the
crown leaf surface shall be proportionately reduced to balance the
reduced root system. This may be accomplished by pruning 20 to 30
percent of the crown foliage. If roots are cut during the winter, pruning
shall be accomplished before the next growing season. [f roots are cut
during the growing season, pruning shall be done immediately.

Removal and Replacement of Damaged Trees: Should a tree intended and
marked to be retained be damaged seriously enough that survival and normal
growth are not possible, the tree shall be removed. if replacement is
desirable and/or required, the replacement tree shall be of the same or similar
species, 50 to 60 millimeter (2 to 2.5 inches) (minimum) caliper balled and
burlapped nursery stock. However, today, with the aid of a “tree spade,” the
same caliper tree may be required as a replacement.

13. Clean-Up: Clean-up after a construction project can be a critical time for tree
damage. Trees protected throughout the development operation are often
destroyed by carelessness during the final clean-up and landscaping. Fences
and barriers shall be removed last, after everything else is cleaned-up and
carried away.
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14. Maintenance: Inspite of precautions, some damage to protected trees may
occur. In such cases, the following maintenance guidelines should be
followed:

a. Soil Aeration - If the soil has become compacted over the root zone of
any tree, the ground shall be aerated by punching holes with an iron
bar. The bar shall be driven 300 millimeters (l-foot) deep and then
moved back and forth until the soil is loosened. This procedure shall
be repeated every 450 millimeters (18 inches) until all of the
compacted soil beneath the crown of the tree has been loosened.

b. Repair of Damage

1)

2)

3)

4)

5)

6)

Any damage to the crown, trunk, or root system of any tree
retained on the site shall be repaired immediately.

Whenever major root or bark damage occurs, remove some
foliage to reduce the demand for water and nutrients.

Damaged roots shall immediately be cut off cleanly inside the
exposed or damaged area. Cut surfaces shall be painted with
approved tree paint, and moist peat moss, burlap, or top-soil
shall be spread over the exposed area.

To treat bark damage, carefully cut away all loosened bark back
into the undamaged area, taper the cut at the top and bottom,
and provide drainage at the base of the wound.

All tree limbs damaged during construction or removed for any
other reason shall be cut off above the collar at the preceding
branch junction.

Care for serious injuries shall be prescribed by a forester or a
tree specialist.

c. Fertilization: Broadleaf trees that have been stressed or damaged shall
receive a heavy application of fertilizer to aid their recovery.

1) Trees shall be fertilized in the late fall
early spring (from the time frost is out
Fall applications are preferred, as the
available over a longer period of time.

(after October 1) or the
of the ground until May 1).
nutrients will be made
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2) Fertilizer shall be applied to the soil over the feeder roots. In no
case should it be applied closer than 1 meter (3 feet) to the
trunk.

The root system of conifers extends some distance beyond the
drip line. Increase the area to be fertilized by one fourth the
area of the crown.

3) Fertilizer shall be applied using approved fertilization methods
and equipment.

4) Formulations and application rates shall conform to the
guidelines given in Table 38-1.

Maintain ground cover of organic mulch around trees that is adequate to
prevent erosion, protect roots, and hold water.
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BMP: DUST CONTROL

Definition

Reducing sutiace and air movement of dust during land disturbing, demolition and
construction activities.

PurRose

To prevent surface and air movement of dust from exposed soil surfaces and
reduce the presence of airborne substances which may present health hazards,
traffic safety problems or harm animal or plant life.

Conditions Where Practice Applies

In areas subject to surface and air movement of dust where on-site and off-site
damage is likely to occur if preventive measures are not taken.

Planninq Considerations

Construction activities inevitably result in the exposure and disturbance of soil.
Fugitive dust is emitted both during the activities (i.e., excavation, demolition, vehicle
traffic, human activity) and as a result of wind erosion over the exposed earth
surfaces. Large quantities of dust are typically generated in “heavy” construction
activities, such as road and street construction and subdivision, commercial or
industrial development which involve disturbance of significant areas of the soil
surface. Research of construction sites has established an average dust emission
rate of 270 kilograms per 1,000 square meter per month (1.2 tons/acre/month) for
active construction. Earth-moving activities comprise the major source of
construction dust emissions, but trafhc and general disturbance of the soil also
generate significant dust emissions.

In planning for dust control, limiting the amount of soil disturbance at any one time
should be a key objective. Therefore, phased clearing and grading operations and
the utilization of temporary stabilization can significantly reduce dust emissions.
Undisturbed vegetative buffers, 15 meter minimum widths (50 feet), left between
graded areas and protected areas can also be very helpful in dust control.
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Temporary Measures Used Durinq Construction

1.

2.

3.

4.

5.

6.

7.

8.

Vegetative Cover- In areas subject to little or no construction traffic, a
vegetatively stabilized surface will reduce dust emissions (see TEMPORARY
SEEDING, BMP-31).

Mulch - When properly applied, mulch offers a fast, effective means of
controlling dust. Not recommended for areas within heavy trafFic pathways.
Binders or tackifiers should be used to tack organic mulches (see
MULCHING, BMP-35).

Tillage - This practice is designed to roughen and bring clods to the surface.
It is an emergency measure which should be used before wind erosion starts.
Begin plowing on windward side of site. Chisel-type plows spaced about 300
millimeters (12 inches) apart, spring-toothed harrows, and similar plows are
examples of equipment which may produce the desired effect.

Irrigation - This is the most commonly used dust control practice. Site is
sprinkled with water until the surface is wet. Repeat as needed. It offers fast
protection for haul roads and other heavy traffic routes.

Spray-On Adhesives - Tremendous progress has been made in recent years
in the development of products of this type. Most are effective on “mineral”
soils and are ineffective on “muck” soils. These coherics are derived from a
variety of compounds, both organic and synthetic based. Many of the
adhesives will withstand heavy traffic loads. The organics include derivatives
from pine tar and vegetable gum; synthetics may be acrylic or petroleum
based. Table 39-1 lists various adhesives and provides corresponding
information on mixing and application.

Stone - Stone can be used to stabilize roads or other areas during
construction using crushed stone or coarse gravel (see CONSTRUCTION
ROAD STABILIZATION, BMP-3).

Barriers - A board fence, wind fence, sediment fence, or similar barrier can
help to control air currents and blowing soil. Place barriers perpendicular to
prevailing air currents at intervals of about 15 times the barrier height. Where
dust is a known problem, existing windbreak vegetation should be preserved.

Calcium Chloride - This chemical may be applied by mechanical spreader as
loose, dry granules or flakes at a rate that keeps the surface moist but not
so high as to cause water pollution or plant damage. Application rates should
be strictly in accordance with suppliers’ specified rates.
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TABLE 39-1
ADHESIVES USED FOR DUST CONTROL

Application Rate
Adhesive Water Dilution Type of

Adhesive: Water Nozzle
Liters/l ,000 Gallons/acre

square meters

Anionic
Asphalt 7:1 Coarse Spray 1,000 1,200

Emulsion

Latex 12.5:1 Fine Spray 220 235
Emulsion

Resin in 4:1 Fine Spray 280 300
Water

Acrylic
Emulsion 7:1 Coarse Spray 420 450

(Non-
Traftic)

Acrylic
Emulsion 3.5:1 Coarse Spray 328 350
(Traffic)

Permanent Methods

1. Permanent Vegetation - The application of PERMANENT SEEDING (see
BMP-32) and saving existing trees and large shrubs can help reduce soil and
air movement from construction sites.

2. Stone - Crushed stone or coarse gravel can be used as a permanent cover
which will provide control of soil emissions.
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APPENDIX D

Inspection Checklist and Guidelines
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Exhibit D-1

POLLUTION PREVENTION COMMITTEE MEMBERS

Construction Project Manager/Representative

Phone 24 hr Phone

Designated Individuals

Name
Phone

Name
Phone

Name
Phone

Name
Phone

Name
Phone

Name
Phone

Name
Phone

Name
Phone

Name
Phone

Ttile
24 hr Phone

Title
24 hr Phone

Ttile
24 hr Phone

Ttile
24 hr Phone

Ttile
24 hr Phone

Title
24 hr Phone

Tfile
24 hr Phone

Ttle
24 hr Phone

Ttile
24 hr Phone

Company

Company

Company

Company

Company

Company

Company

Company

Company
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Exhibit D-2

ARMYCORPSOF ENGINEERS

Storm Water Pollution Prevention Plan

Construction General Permit
Inspection and Maintenance Report Form

To be completed every 7 days and within 24 hours of a rainfall event of 13 mm (0.5 inch) or more

Project:

Inspected By: Date

Inspectors Qudfications:

Days Since Last Rainfall: Amount Of Last Rainfall mm (Inches)

Structural Controls

AREA DATE SINCE LAST DATE OF NEXT STABILIZED STABILIZED CONDITION
DISTURBED DISTURBANCE (yes/no) WITH

STABILIZATION REQUIRED:

TO BE PERFORMED BY: ON OR BEFORE
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Exhibit D-3

ARMY CORPS OF ENGINEERS

Storm Water Pollution Prevention Plan

Construction General Permit
Inspection and Maintenance Report Form

To be completed every 7 days and within 24 hours of a rainfall event of 13 mm (0.5 inch) or more

Reject

Inspected By: Date

Inspectors Qualifications:

Days Since Last Rainfall: Amount Of Last Rainfall mm (Inches)
Vegetative Controls

AREA DATE SINCE LAST DATE OF NEXT STABILIZED STABILIZED CONDITION
DISTURBED DISTURBANCE (yes/no) WITH

STABILIZATION REQUIRED:

TO BE PERFORMED BY: ON OR BEFORE:
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Exhibit D-4

ARMY CORPS OF ENGINEERS

Storm Water Pollution Prevention Plan

Construction General Permit
Inspection and Maintenance Report Form

To be completed every 7 days and within 24 hours of a rainfall event of 13 mm (0.5 inch) or more

Projeet

Inspected By: Date

Inspectors Qualifications:

Days Since Last Rainfall: Amount Of Last Rainfall mm (Inches)

Management Controls

STABILIZATION REQUIRED:

MAINTENANCE STABILIZED
REQUIRED (yes/no)

1

STABILIZED CONDITION
WITH

TO BE PERFORMED BY: ON OR BEFORE:
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Table D-5

EQUIPMENT MAINTENANCE AND INSPECTION

Inspection/Maintenance Location/Equipment Conducted By Date
Conducted and

Comments/Observations
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Table D-6

DRAINAGE SYSTEM MAINTENANCE AND INSPECTION

outfall Condition Discharge Follow-up Inspector
Present
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APPENDIX E

Construction Project Work Sheets and Supporting Documentation
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Table E-1

POLLUTANT LIST

T

Date Pollutant Present Use Quantity Estimate
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Table E-2

HISTORY OF PAST SPILLS

Date Location Type of Amount Cleanup Response
of spill Material of Material
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Table E-3

SAMPLING EVENT RECORDS

Date Sampled Outfall Sampled Analysis Performed Analysis Method Sampling Team

m
L



SPILL CONTROL

Table E-4

AND COUNTERMEASURES

LOeation Potential Chemical Equipment Committed Personnel

m
-

&z

$2
mL
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Table E-5

EMPLOYEE TWINING
.

Workshop Topic Dates Personnel Attending



HAZARDOUS WASTE HANDLING CONTINGENCY PLAN

for

(Company Name)

(Location)
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(COMPANY NAME)

HAZARDOUS WASTE HANDLING CONTINGENCY PLAN

Construction activity name
Location Address
Telephone #
EPA I.D. #

PRIMARY EMERGENCY COORDINATOR:

Name
Telephone #
Home #
Home Address

SECONDARY EMERGENCY COORDINATOR:

Name
Telephone #
Home #
Home Address
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Description of Waste Handled:

Maximum amount of waste on site: kg (lb)
Maximum amount generated per month: kg (lb)

EMERGENCY RESPONSE CONTACTS

LOCAL

Fire Demrtment Dept. of Natural Resources

Name Name
Address Address
Phone # Phone #

Ambulance Service

Name
Address
Phone #

Sheriff’s Dem.rtment

Name
Address
Phone #

m

Name
Address
Phone #

*FEDERAL

Environmental Protection A~encv

Name
Address
Phone #
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Arrangements with Sheriff’s Demrtment

Access to site can be achieved by contacting one of the Emergency Coordinators. Do not allow
any contact with the waste unless the emergency equipment specified in this plan is employed.

Arrarwements with Fire Department

Material is/is not flammable or explosive.

Where possible, do not wash the waste solids away. The liquid should not enter any sewers or
contaminate ground water. Absorb using clay, lime, sand, soda ash, or sawdust.

Arrangements with Local Hospital

Exposure by inhalation or ingestion is/is not likely.
can result in . Standard
is .

Waste will contain a mixture of

Skin contact with either solid or liquid waste
medical treatment for such condition

.

For eye contact, . If swallowed,

Emergency Response - Hazardous Waste Spill

An employee discovering the spillage will immediately contain it. Then immediately report it
to a member of management.

A member of management will then contact the designated Emergency Coordinator.

The emergency coordinator will obtain the following information:

1. the material spilled
2. location of spillage of hazardous material
3. an estimate of quantity released
4. any injuries involved
5. the area contaminated by the spillage
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Based on the information obtained, the coordinator will assess the magnitude and seriousness of
the spillage. If the incident is within the capabilities of the company’s emergency response
organization, the Emergency Coordinator will contact and deploy the necessary personnel.

If the accident is beyond plant capabilities, the Emergency Coordinator will contact the
appropriate agencies. A list of agencies and phone numbers is shown in Contingency Plan.

If a spill occurs in the hazardous waste storage area, the waste should contain no free liquid, but
in the event that liquid is present, a dike should be made around the spill using the absorbent
material located in the hazardous waste storage area.

When the waste is dry, after addition of sufficient absorbent, the material should be placed in
17H DOT approved drums. Drum must be marked with hazardous waste label. Accumulation
start date should be marked on drum label.

If the spillage has come from a leaking hazardous waste drum, then the drum should be placed
by forklift in a 303-4 (80-gallon) recovery drum, marked with a completed hazardous waste label
including accumulation start date.

Only those persons involved in the emergency operation will be allowed within the designated
hazard area. If possible, the area will be roped or otherwise blocked off.

The clean-up will be performed by personnel designated by the Emergency Coordinator, All
nonessential personnel will be removed from the hazard area.

All materials contaminated during the clean-up operation must be placed in drums for proper
disposal. The Emergency Coordinator has the responsibility for ensuring this is done.

In addition, the Emergency Coordinator must ensure that, in the affected area of the plant:

A. No waste that may be incompatible with the released material is treated, stored,
or disposed of until clean-up procedures are completed.

B. All emergency equipment is clean and fit for its intended use before operations
are resumed.

The Site Superintendent or his designate must:

A. In the event that the local emergency services have been required, or a spill has
occurred which extends outside the jobsite area, notify the Regional Administrator
and appropriate State and local authorities that the jobsite is in compliance with
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paragraphs (a) and (b) above before operations are resumed in the affected area
of the jobsite.

B. The Site Superintendent or his designate must note in the operating record the
time, date, and details of any incident that required implementation of the
contingency plan. Within 15 days after the incident, he must submit a written
report on the incident to the Regional Administrator including:

1. Name, address, and phone number of the company and jobsite.
2. Date, time, and type of accident.
3. Name and quantity of materials involved.
4. Extent of injuries, if any.
5. Assessment of actual or potential hazards to human health or the

environment.
6. Estimated quantity and disposition of recovered material resulting from the

incident.

The Site Superintendent also has the responsibility for the following items:

Employee Training

Employees working in areas containing hazardous waste will be given an introductory course in
hazardous waste management and annual reviews thereafter, per parameter set forth in 40 CFR
265.16. The established company training program will be used.

Records

A copy of this contingency plan shall be kept in the corporate files, Site Supervisor’s office, Site
Superintendent’s office, and all emergency coordinator’s files.

This contingency plan will be revised for amendment:

A. When applicable regulations are revised.
B. When plan fails in an emergency.
c. When situations in the plan change, which increase the potential for release of

waste.
D When the list of emergency coordinators changes.
E. When the list of emergency equipment changes.
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THA ARDOUS WASTE STORAGE

EMERGENCY EOUIPMENT LISTING

A. Communication System. Inthespace below put locations of anyoutside intercoms or
radios.

B.

c.

D.

E.

F.

G.

H.

Eve Wash Stations- Safety Showers. One commercial brand eyewash bottle is located
in the hazardous waste storage area.

Res~irators. All operators have NIOSH approved half-face respirators with the
appropriate filter cartridge.

Fire Summession. Post location of fire extinguishers in waste storage area.

First Aid. A First Aid box is located and maintained in the

Personal Protective EauiDment. Rubber gloves, rubber boots, goggles or helmet with
splash shield are worn by all operators when handling hazardous waste. Spares are
available.

Spill Control. Oil dry or absorbent clay is available to soak up liquid and to make
temporary dikes.

Storage Area and Waste Container Inspection. Weekly inspections are made to confirm
the integrity of alI containers and to ensure all safety equipment is available.
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EXHIBIT E-2

CHEMICAL STORAGE CONTINGENCY PLAN

(Company Name)

(Location)

(Date)
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L GENERAL INFORMATION

Company Name 7
produces

The construction activity consists of hectares (acres).

Tank maximum capacities are shown below:

Tank Number Contents Maximum Ca~acitY Liters (Gallons)

All tanks are labeled in accordance with State and Federal regulations.

Site Information:

The construction activity is located at (On what
road?)

Within 0.8-km (1/2-mile) radius of the jobsite:

- population
- any schools, hospitals,. or any other institutional

facilities?
- is land wooded or any water close by?
- any dwelling or businesses within 0.8 km (1/2 mile)?
- what is soil type?

II. SECURITY

1. All tanks are enclosed in diked containment areas.
2. Gates at the jobsite entrance are closed and locked when the jobsite is closed and

not in operation.
3. (Add any other security information.)
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111. FIRE AND SPILL CONTROL

Site Fwe Marshal: Give name and title. Give any fire procedures, location of fire
extinguishers and fire hoses.

S~ill Containment Provisions

All storage tanks are located in diked containment areas. The dikes have sufficient
capacity to hold the volume of the largest tank plus any accumulated rain water.

For dike containment that have no drains, spills may only be removed by pumping, thus
preventing accidental release. Dike spill contents should be returned to the process but
may be disposed of as a hazardous waste in a federally approved disposal site.

All transfer piping is above ground.

During all filling operations, one man is assigned to supervise the operations so that
overflows do not occur.

St)ill Containment and Disposal

1. Immediately contain the spill.
2. Use absorbent materials to make temporary barriers. Supplies of absorbent

materials are located
3. Absorb any nonpumpable liquid with absorbent material.
4. Transfer the sludge to appropriate D.O.T.-approved 208-4 (55-gallon)

drums for disposal.
5. Do not wash spills into the storm drains,
6. Report all leaks and spills to the supervisor.

Irumections

Equipment is inspected daily by operations and site management.

Leaks and spills are corrected promptly.
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The Site Superintendent is the designated individual for all types of spill prevention. He
has the responsibility to train applicable personnel to prevent discharges and ensure
knowledge of applicable laws and regulations.

Coordination Ameements

The company has emergency response
cover any spill occurrence.

Copies of the appropriate contingency

Sheriff’s Office
Fire Department
Hospital

Notifications

agreements regarding hazardous waste which will

plans are held by the:

Any person discovering a spill will call the emergency coordinators listed in the
Hazardous Waste Contingency Plans.

If the spill is a reportable quantity or leaves the property, then the agencies detailed below
will be informed.

1. Department of Natural Resources (appropriate State Agency)
Phone Number:

2. Environmental Protection Agency (Federal)
Phone Number:

3. Fire Department (if necessary)
Phone Number:

Personnel Training

All assigned personnel are provided with training in safe handling of hazardous chemicals
and hazardous waste. Training covers the use of respirators, protective safety equipment,
proper hygiene, decontamination procedures, and contingency plans. Training is given
on-the-job (OTJ) by the Emergency Coordinator or his designated person.
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EXHIBIT E-3

OIL SPILL PREVENTION CONTROL

and

COUNTERMEASURE PLAN

(SPCC)

For

(Company Name)

(Location)

(Date)
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I. PURPOSE

This plan is established to prevent the accidental release of oil from this construction
activity into local ponds, streams, or ground water, per 40 CFR 110-13.

II. OIL STORAGE AREA INFORMATION

1. Tank size
2. Above ground, below ground, vertical
3. Size class
4. Is tank surrounded by a concrete or

storage volume

III. PREVIOUS SPILL EXPERIENCE

(Enter last date of spill, if any.)

IV. FUELING PROCEDURES

or horizontal

earthen containment

1. One person will be assigned to supervise filling operations.

dike? Containment

He will ensure tanks
are nit overtllled by checking tan-klevels prior to and during filling.

2. Filling supervisor will place a warning sign in front of the tractor cab driver’s
door, reminding him to see that loading lines are disconnected before he pulls
away.

3. All lines will be blown free of oil by compressed air before maintenance work is
performed.

4. Loading lines will be capped when not in use.

5. Any sight glass valves will be kept in “off’ position when not in use.

6. Tank weld seams, pipe fittings, flanges, and valves will be visually inspected
during each filling operation. Any leaks or spills will be reported immediately to
the Emergency Coordinator.

7. Vehicle traffic will be limited or prohibited in areas of oil transfer lines.
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v. SECURITY

1. This construction activity is enclosed by a chain link fence, gates are locked when
construction activity is unattended.

2. Containment dikes have no outlet valves or permanent sump pumps. Dikes are
pumped after rainfalls by a portable sump pump after inspection to assure no oil
contamination.

3. Oil pump starter control shall be locked in the “off’ position when not in use.

4, Area is properly lighted for after dark operations. Lighting is adequate for night-
time spill or leak detection.

VI. PERSONNEL TRAINING

Newly hired personnel are to be instructed in the operation and maintenance of oil
handling equipment and the rules, regulations, and procedures as outlined in this plan.
Annual training will be provided to them and other employees involved in oil handling
and spill prevention measures.

VII. EMERGENCY COORDINATORS

Primary and secondary coordinators shall be listed in the “Hazardous Waste Contingency
Plan.” -They will have authorization to commit construction activity resources necessary
to carry out this plan.

VIII. REPORTABLE QUANTITIES

The exact quantity of oil spilled, which is to be reported to governing agencies, has not
been determined as of this writing. Federal regulations specify only “a film or sheen
upon or discoloration of the surface of the water...” should be reported.
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APPENDIX F

Certification
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SWPPP CERTIFICATION

Name

Title

Name of Construction Project

Location of Construction Project

“1certify under penalty of law that this document and all attachments were prepared
under my direction or supervision in accordance with a system designed to ensure
that qualified personnel properly gather and evaluate the Information submitted.
Based on my Inquiry of the person or persons who manage the system, or those
persons directly responsible for gathering the information, the Information
submitted, is, to the best of my knowledge and belief, true, accurate, and complete.
1 am aware that there are significant penalties for submitting false information,
including the possibility of fine and imprisonment for knowing violations.”

Printed
Name

Signature

Title

Date
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NON-STORM WATER CERTIFICATION

Name

Title

Name of Construction Project

Location of Construction Project

“1 certify under penalty of law that this document and all attachments were prepared under
my direction or supervision in accordance with a system designed to ensure that qualified
personnel properly gather and evaluate the information submitted. Based on my inquiry
of the person or persons who manage the system, or those persons directly responsible
for gathering the information, the information submitted, is, to the best of my knowledge
and belief, true, accurate, and complete. I am aware that there are significant penalties
for submitting false information, including the possibility of fine and imprisonment for
knowing violations.”

Printed
Name

Signature

Title

Date
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THIS FORM REPLACES PREVIOUS FORM 3510-7 (B@) Form Approvti. Wn NO.—

Please Sss Instructions Before CompletingThis Form ~ Upll’ow a-sl.aa

United States Environmental Protection Agetwy

K: ~OEPA Washington, DC 2D4S4J

Notice of Termination (NOT) of Coverage Under a NPDES General Permit for
Storm Water Discharges Aaaociated with Industrial Activity

submission of this Notice of Termination cxnatitufes notice that the pa ~ldentifmdlnS action II of this form Is rm Iom er authorized to discharge storm water
‘1msociated with industrial activity under the NPOES program. ALL NE ESSARY INFORMATION MUST BE PROV DED ON THIS FORM.

1. Permit Information

Check Here if You are No Longer
~~~~~1 ?~~it~~~bec 1.. . ...-....-. ----- .;.–h~ the operator of the Facility ❑ check Here if the Stoma Water

Discharge ia Being Terminated: ❑
Il. Facility Operator Information

Name: ~ ,,. ,,, ! ‘Phone:: !

Ill. FaciMylSite Location Information

Name. I. .__... J

Address .— I

City ,,, , ,, J state L~--i ZIP Code:l ‘ -

Lat,!:de Longitude:’ I I 1 Quarter I !.. .! SacijOm L.L_.! Tavmahip lJ_.l_J Raw. LJ_u._!

IV. Ceflification: I certify under penal of law that all storm wster discharges associated tifh Industrial activity from tha identified facil[ty that are
‘1authorized by a NPDES eneral perrmt ave been eliminated or that I am no longer the operator of the facility or construction site I understand that by

7submlmng this NotIce of ermmallon, I am no longer authorized to d!scharge storm water associated with industrial activity under this general permit, and
that discharging pdutants In storm water associated with industrial activity to waters of the Unifad States is uniavdul under the Claan Water Act tiere
the dtscharge IS not authorized by a NPDES permt, I also understand thal the subminal of this Notice of Termination does not release an operator from
Iiab[hly for any violations of this permit or the Claan Water Act.

Print Name ,,, . ,-, ),1 ., ..: Date: ~—-l. –.. .-. –

Signature:

Instructions for Completing Notice of Termination (NOTJ Form

Who May File a Notice of Termination (NOTI Form Whara so FM NOT Form

Perrmnees who are presently covered under an EPA-issued National Pollutant
Dtscharge Eltmmatm System (NPDES) General Penmf (mcludmg the 1995
M.l!. Seclor PenniI) for S!onn Water Didwpes AaeociatadvmhIndus!r!alAC!wny
may s.bm,t a NotIce ot Ternnnat)on (NOT) Ionn vhmn meu Iactl(tkesno longer
have any storm water diacha~es aseodstad wilt! indusmal acfawfyas defined m
the storm waler regulationsat 40 CFR tZ2.S6(b)(14), or ~n thsy srs M l~ger
me cperator of ms facilities

For constructionactimtlss,elommatiinof d storm water dtscharpesaasmtatti
W7h mdusmal act!.ltj ccc.ra when dwtwbad soils st the Cu”slrddmn SW have
been lInally slab,hzed snd temporary ammon snd sadmem control measures
have been removed or VA bs removed St an apprc$matetime, or Iha! all Slonn
waler discharges.assccta!edwrlh mdustnalsct!vmyfrom me consmxmn sde that
me sulhonzed by a NPDES general pamut have othmvnsebsen el$mmatedFinal
stabll,zal,on means mat all a.nld!sturbing acmt,es ●t tie site have been
compleled, and that a tmform perenmal vagetabvecover w!lh a denwy 0! 70”/. 01
the cover for unpaved areas and areas no! cnverad by parmansn! SUUC1ure5has
been esfabhshed, or equwalen! ~nna”ent stabilizatwanmeasures (such as lhe
use 01 nprap, gsb,ons,or geotexl,les)h8ve bee” em@oyed

Send ibis form to lhs the Idbwmg sddmss:

SIomI Water Not)ceof TamwuWcm(4203)
401 M Strsel, SW.
Washm(@n, DC 234S0

Complatirig ma Form

Typa or pnnl, tmng up$mr-xse letters, in me appIv.Itwe areas c+ Pk.ase
place each character between the marts m+mvmle f mcessarf to staywdlwn
Lhanumber 01charactersalbwed for each nem. Use only one space for brdcs
hhveOn words, bui not for punctuationnwfcs unlessfhey are needea 10cbnfy
~r rs~nse HYXJhave any ques:oonssb.xn m)s fore, tdsphone or rime me
Not!ceof IntentPmcessrq Comer at (T03) 931.2230

EPA Form 35107 (S9S)
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Imbuctlons - EPA form WfO-7
Notlca of Tcnninatlon (NOTI of Covcfags Undw Tlw NPOES Gwwml P.rmit

for Storm Wsfor Obcharow Asooclated With lndufil ACUVRY

Sution I Pmnlt Information

Enter me axmfmg NPDES Storm Water General Permit number ●sgn-ed to the
fmldy w Me Idenbfed in Section Ill, If you da not km uw pannif number,

kkpheme or vmte your EPA Regnmal storm water contact rmraon.

Ind!cate your reason for submdbngLNS Nobw of Temdnabon by chacking ha
●ppropriatebox.

Kmere has been a change of opemtc+ccd you ●m no linger lhe qwalcw
of the facIlty w wfe identrf@ In %cbon Ill, check the mtma@ m-Jbox.

tf all storm water dmcharpes at me facilrty or Me Id.snfmisdin Secbon Ill
fuve @en termmated check the Wespondmg bax

Sutlon II Faclllty Op@mtor Information

Gwe the legal name of the psrson, firm, public organuafiin, or ●ny ofher entity
ma! operates the Iacldy or sfle descrited m this apple.akan, Tfm nama of Lhe
op?rator may or may not t-! me same name as the facilmy Tlw operator of the
facIIIfv IS fhe kgal entity which controls the facIlty3 c$erafmn, Mther U!an the
plan!or s!te manager Do not use a colloquialnarna Enter LOecmrnp4eteaddress
and telephone nwnkr of me operator

section Ill F#cillty/Stte Location lnfonnatlon

Enter the lacM/s or sites official or legal name ●nd Compbte ●ddress, Including
@, stale and ZIP We If the fachly lacks ● street ●ddress, mdcate tha state,
me !aLn.de and bngtiude of the facdttyto the nearest 15 se.%mds,w ftw quarter,
sect,on townsh!p,and range (to me nearest quarter wbon) of tha ●pproxmwte
center of the sfie

Section IV CdfkdOn

Fedeml statutes W* for severe PONfLks fu ~ fak hfumuti UI
mb sp$ikatbn form F-ml mJLTukfkmsrequtie thd J@WfkM to be s!gned●s
$2SVriX

FW ● cofpomti by ● fespc@bb comOrata officer, MSdf means (il PMS”ML
W*W, Lmasumr, w vka-pudem cd be wxpombm hldWgeOfaprkWpe.t

Lwskmsshmcfmn.or wvdmfpmcmwho prfwnmsinilar pdcyofdavsion
nmkmg ful@10n8, or (U) ma IIUMW of Of10or ffmm mn#aWhW, FaTduc.tbm

of c9waWl facifhs emplcying mOm than 250 par8dm C#ha$mg gross ●nnual
sabs or aqenddures -q S2S mUIIM (i 90m@qtmrler 1980 ddlars), if

●- to smn dcumena has been assiimed w dekoated to the rme.gef h
acccfdan+x WIOIcofporate procedures;

For ● parmership w SC40ppietorship LV ● general pmtner or be pmpridw
u

For ● muneipsm, State, Federal w @mr PUMC hcisy by @her a @ICW
execubva offcer of ranking ekcfed offcial.

PQPcrwofk Roductlon Act Notice

Pubhc repwbng burden fur thii ap@iitbn is dr’nated b ●verage 0.5 hcwa w

●pPlmtrX, hdudmg time for revkwdng hsfrwticm. wrchnt$ existing ala
sc+r-s, gaharmg ●nd maintaining the data *. and compietiwa and
mviawmg fl!d wfbction of hfvrnulion. Send canrmnh mqadmg the burden
esfmute, ●ny other ●specf of ma coflecWn of hrimmbm or msgestms W
knprovngthii form,!mluding any suggesbonswhich mq kmmase or mduca m~
Lwtin to. Chief, Infwmaben PoiizY Smnch, 2136 U.S. Em+Vm?mntalProN&m
Agency, 401 M !$met, SW, Washington, OC 2W60, of D!rector, (2i%ce of
Infcmmtkm ●nd ReL?u!a~ Affairs, Ofhm of k4anBPoment and Sudget,
Washmgfon, DC 20503.
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NOTICE OF TERMINATION

NPDES No.

Name of Construction Project

Location of Construction Project: (If address is not available, locate approximate center of site by
latitude and longitude to the nearest 15 seconds, or the section, township and range to the
nearest quarter)

Operator:
Name
Address
Phone

Reason for
Termination:

“1 certify under penalty of law that all storm water discharges associated with industrial
activity from the identified facility that are authorized by an NPDES general permit have
been eliminated or that 1 am no longer the operator of the construction activity. I
understand that by submitting this notice of termination, that I am no longer authorized to
discharge storm water associated with industrial activity under this general permit, and that
discharging pollutants in storm water associated with industrial activity to waters of the
United States is unlawful under the Clean Water Act where the discharge is not authorized
by an NPDES permit. I also understand that the submittal of this notice of termination
does not release me as operator from liability for any violations of this permit or the Clean
Water Act,”

Printed
Name

Signature

Date
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APPENDIX G
Record of Revision
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Table G-1
Army Corps of Engineers

Storm Water Pollution Prevention Plan
for Construction Activities

Record of Revision

Revision Date of Date Signature of Person Entering Change
Number Change Entered
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Exhibit G-1

Army Corps of Engineers

Storm Water Pollution Prevention
for Construction Activities

Record of Revision

Plan

To all holders of the COE Storm Water Pollution Prevention Plan for Construction

Activities:

Revision Number:

Attached are the revised pages of the COE SWPPP of which you have a copy. Please

remove pages in your copy and replace them with these revisions. Record each revision

on the preceding page of your copy.

Old Page Revised Page Date Signature of Person Entering
(page number) (page number) Entered Change

G-3



EP 1110-1-16
28 Feb 97

APPENDIX H

Section 313 Water Priority Chemicals*

*Source: Federal RegisterlVol 57, No. 175/

WEDNESDAY, SEPTEMBER 9, 1992-

ADDENDUM B, page 41331-41335.
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SECTION313 WATERPRIORITYCHEMICALS

CASNurnbar - Commonkna

75-07-0 Acetaldahvde

75865 Acetane cynohydrin
1

107-02-8 Acroloin

107-13-1 Acrylonitrilo

309-00-2 IAidrin[l ,4:5,8-Dlmethanonaphthalane, 1,2,3,4,10, 10-hexachloro-
1,4,4a,5,8,8a-hexahydro-(1 ,alpha.,4.alpha.,4a. bata.,5.alpha.,8 .alpha.,
8a. bata.)-l

I 107-05-1 i AIM Chloride I
t 7429-90-5 I Aluminum (fume or dust) I

7664-41-7 Ammonia

62-53-3 Aniline

120-12-7 Anthracene

7440-36-0 Antimony

7647189 Antimony Dentachloride

! 28300745 I Antimorw ootassium tamate I

7789619 Antimony tribromide

10025919 Antimony trichloride

7783564 Antimony trifluoride

1309644 Antimony trioxide

I 7440-38-2 I Arsenic I
1303328 Arsenic disulfide

1303282 Arsenic pentoxide

7784341 Arsenic trichloride

1327533 Arsenic trioxide

1303339 Arsanic trisulfide

1332 -21-4 Asbestos {friable)

542621 8arium cvanide

71-43-2 8enzsme

92-87-5 8enzidine

100470 8anzonitrile

98-88-4 8anzoyl chloride

H-2
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3ECT10N 313 WATER PRIORI’IY CHEMICALS

CAS Numbar - common Name

100-44-7 8anz@ chloride

7440-41-7 8aryllium

7787475 8eryllium chlorido

7787497 8a@ium fluorido

7787555 8aryllium nitrate
I

I 111-44-4 I 8is(2-chloroathti) ether

75-25-2 8romoform

74-83-9 8romomethane (Methyl bromide]

85-68-7 8utyl benzyl phthalate

7440-43-9 Cadmium

543908 Cadmium acetate

7789426 Cadmium bromide

10108642 Cadmium chloride

7778441 Calcium arsenato
1

52740166 Calcium arsanita

I 13765190 I Calcium chromata

59~9~ 8 Calcium cyanide——

133-C5-2 Captan [1 H4soindoJe-1 ,3(2 H)-dione,3a,4,7,7a-tetrahydro”2-
[[trichlorometlvd)thiol-1

,
63-25-2 Carbaryl 11-Naphthalenoi, methylcarbamate]

75-15-0 Carbon disulfide

56-23-5 Carbon totrachloride

57-74.9 Chlordane [4,7 -Methanoindan, 1,2,4,5,6,7,8,8-octachloro-2,3,3a,4,7,7a-
I I hexahvdro-1

7782 -50-5 Chlorine
1

59-50-7 Chloro-4-methyl-3-phenol p-Chloro-rrwreaol
1

I 108-90-7 ! Chlorobenzene

I 75-00-3 I Chloroethane (EthYl chloride)

67-66-3 I Chloroform
r

I 74-87-3 I Chlomrnotlwm(Methyl chloride)

! 95-57.8 I 2-ChloroDhenol

H-3
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3ECl10N313 WATEhPRIO_ CHEIUICAL3

CM Number - common NAma

106-48-9 4-Chlorophenol

1066304 Chromic acetate

11115745 Chromic acid

10101538 Chromic sulfate

7440-47-3 Chromium

1308 -14-1 Chromium (Tri)

10049055 Chromous chloride

7789437 Cobaltous bromide

544183 Cobaltous formate

14017415 Cobaltous sulfamate

7440-50-8 copper

108-39-4 m- Cresol

9548-7 o-Crasol

106-44-5 p-Cresol

1319 -77-3 Cresol (mixad isomars)

142712 Cupric acetate

12002038 Cupric acetoarsenite

7447394 Cupric chloride

3251238 Cupric nitrate

5893663 Cupric oxalate

7758987 Cupric sulfate

10380297 Cupric sulfate, ammoniated

815827 Cupric tartrate

57-12-5 Cyanide

506774 Cyanogen chloride

110-82-7 Cyclohaxane

94-75-7 2,4-D [Acetic acid, (2,4 -dichlorophenoxy )-l

106-93-4 1,2-Dibromoethane (Ethylene dibromide)

84-74-2 Dibutyl phthalate

25321 -22-6 Dichlorobenzene (mixed isomers)

H-4
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SECTION 313 WATER PRIORIIV CHEMICALS

CAS Number Common Name

95-50-1 1,2-Dtchlorobenzene

541-73-1 1,3-Dichlorobenzene

106-46-7 1,4-Dlchlorobenzene

91-94-1 3,3’-Dtchlorobenzidine

75-27-4 Dichlorobromomethane

107-06-2 1,2-Dichloroethane [Ethylene dichloride)

540-59-0 1,2-Dichloroethylene

120-83-2 I 2,4-Dichloroohenol I
78-87-5 I 1,2-Dichloropropane

1 I
542-75-6 1,3-Dichloropropylene

62-73-7 Dichlorvos [Phosphoric acid, 2,2-dichloroethenyl dimethyl ester]

115-32-2 Dicofoi [8enzenemethanol, 4-chloro-.alpha. -(chlorophenyl) lalphapha.-
(trichloromethyl)-1

177-81-7 Di-(2-ethylhexyl phthalate (DEHPI

84-66-2 Diethyl phthalate

105-67-9 2,4-Dimethylphenol

131-11-3 Dimethyl phthalate

534-52-1 4,6-Dinitro-o-cresol

51-28-5 2,4-Dhitrophenol

121-14-2 I 2.4-Dinitrotoluene I

606-20-2 2,6-lXnitrotoluene

117-84-0 n-Dioctyl phthalate

122-66-7 1 1,2-Diphenylhydrazine (Hydrazobenzene)
I

106-89-8 I Epichlorohydrin I

100-41-4 I Ethvlbenzene I

106934 Ethylene dibromide
, I

50-00-0 Formaldehyde
1

76-44-8 Heptachlor [1,4,5,6,7,8,8 -Heptachloro-3a,4,7,7 a-tetrahydro-4,7-
methane- 1H-indenel

118-74-1 Hexachlorobenzene

87-68-3 Hexachloro-1 ,3-butadiene
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I 67-72-1

I 7647 -01-0

E
74-90-8

7664 -39-3

7439 -92-1

I 301042

I 7784409

i 7645252

i 10102484

7783462

10101630

I 10099748

SECTION 313 WATER PRIORIIV CHEMICALS I
Common Name I

Hexachlorocyclopentadiene
I

Hexachloroethane I
Hydrochloric acid

I
Hydrooen cyanide I

Hydrogen fluoride
I

Lead
1

Lead acetate
I

Lead arsenate
I. . I

. . I

Lead chloride I

Lead fluoborate
I

Lead fluoride
I

Lead iodide

Lead nitrate

7428480 Lead stearate

1072351 . .

52652592 . .
7

7446142 Lead sulfate

1314870 Lead sulfide

592870 Lead thiocyanate

58-89-9 Lindane [Cyclohexane, 1,2,3,4,5,6 -hexachloro- (1. alpha .,3. beta.,
4.alpha.,5.alpha.,6 .beta. )-l

14307358 Lithium chromate

108-31-6 Maleic anhydride

592041 Mercuric cyanide
\

10045940 Mercuric nitrate

7783359 Mercuric sulfate

592858 Mercuric thiocyanate

7782867 Mercurous nitrate

7439 -97-6 Mercury

H-6
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SECTION313 WATERPRIORITYCHEMICALS

cAs NUmk - CommonName

72-43-5 Mothoxychlor [Senzeme, 1,1 ‘-(2,2.2-trichloroethvlidene)bis[4- methoxy-1
I

80-62-6 I Methyl methacrylate

91-20-3 Naphthalene
,

7440-02-0 Nickel

15699180 Nickel ammonium sulfate
1

37211055 Nickel chloride

7718549 . .

12054487 Nickel hydroxide

14216752 Nickel nitrate

7786814 Nickel sulfate

7697 -37-2 I Nitric acid

98-95-3 I Nitrobenzene I

88-75-5 2-Nitrophenol

100-02-7 4-Nitrophenol

62-75-9 ! N-Nitrosodimethylamine
I

86-30-6 /V-Nitrosodiphenylarnine
I

621-64-7 I N-Nitrosodi-n-propylamine I
56-38-2 I Parathion [Phosphorothioic acid, O,O-diethvl-O-( 4-nitrophenyl) ester] I

87-86-5 Pentschlorophenol (PCP)

108-95-2 Phenol

75-44-5 I Phosgane I

7664 -38-2 ! Phowhoric acid I
7723 -14-0 I Phosphorus [vellow or white) I

1336 -36-3 Polychlorinated biphenyls (PC8S)

7784410 Potassium arsenate

10124502 Potassium arsenite

7778509 Potassium bichromate

7789006 Potassium chromate

151508 Potassium cvanide

75-56-9 I Proovkme oxide I

H-7



EP 1110-1-16
28 Feb 97

t 8ECT10N 313 WATER PfUORllY CHEMIU I
f ~W~. ,’ common Name

91-22-5 C)uinoline

t 7782-49-2 I Selenium I
I 7446084 ! Selenium oxide I

7440-22-4 Silver

7761888 Silver nitrate

7631892 Sodium arsenate ——

7784465 Sodium arsenite I

10588019 Sodium bichromate

7775113 Sodium chromate

143339 Sodium cyanide

10102188 Sodium selenite

7782823 . .

I 7789062 I Strontium chromate I
! 100-42-5 I Stvrene I

I 7664-93-9 I Sulfuric acid I

79-34-5 1,1,2, 2-Tetrachloroethane
1 I

127-18-4 Tetrachioroethy lene (Perchloroethylene)
1 I

935-95-5 2,3,5,6 -Tetrachlorophenol
I J

I 78002 ! Tetraethyl lead I

7440 -28-0 Thallium

10031591 Thallium sulfate

108-88-3 Toluene

8001 -35-2 Toxaphene

I 52-68-6 I Trichlorfon [Phosphoric acid, (2,2,2-trichloro- l-hydroxvethyl)-

I dimethylester]

I 120-82-1 I 1,2,4-Trichlorobenzene

71-55-6 1,1,1 -Trichloroethane (Methyl chloroform)

79-00-5 1,1, 2-Trichloroethane

! 79-01-6 I Trictdoroethylene

95-95-4 2,4,5 -Trichlorophenol

88-06-2 2,4,6 -Trichlorophenol
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SECTION 313 WATER PRIOR1l’V CHEMICALS

CAS Number - ““ common Name
I

7440-62-2 I Vanadium (fume or dust)
I

108-05-4 Vinyl acetate
,

75-01-4 Vinyl chloride

75-35-4 Virwlidene chloride

108-38-3 rn-Xylene

95-47-6 o-Xylene
1

106-42-3 p-Xylene
1

1330-20-7 I Xylene [mixed isomers)

7440-66-6 Zinc (fume or dust)

557346 Zinc acetate

14639975 I Zinc ammonium chloride

14639986 !
. . .

52628258 I
..”

1332076 I Zinc borate

7699458 Zinc bromide
1

3486359 I Zinc carbonate

7646857 Zinc chloride

557211 Zinc cyanide

7783495 Zinc fluoride

557415 I Zinc formate

7779864 Zinc hydrosulfite

7779886 Zinc nitrate

127822 ! Zinc ~henolsulfonate

1314847 Zinc phosphide
1

16871719 Zinc silicofluoride
t

7733020 Zinc sulfate

H-9
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APPENDIX I
Hazardous Substances and Reportable Quantities*

*4OCFR 302, “Designation, Reportable

Quantities and Notification,” TABLE 302.4

I-1



Note: All comments are located at tho wtd of tttb tsbfe.

LIST OF HAZARDOUS SUBSTANCES AND REPORTABLE CNJANTfTfES

statutory FM R(l

RcnA

Hazardous Substanca CASRN
w-w

Ragthtory Synonyms Ra @&t ~ titogcq POLm&ftQl
I 1
Acm)cphthcno 83329 1“ 2 s 100 146.4)

Aco~hthylcnc 208968 1= 2 0 6000 (Z270t

Acotddohydc 76070 Ethcnal 1000 1.4 Uool c 1m 1464

Acotaldshy&. chkro- lo72m Chbromcatddohydc 1“ 4 P023 c 1000 [464)

AcaMdah@o, trkhkro- 76870 Chhral 1- 4 U034 o 6000 (2270)

y Acotamlda,N-lamhothbxomethyll- 6S1002 1-Acotyl-2-ttrktxo# 1“ 4 PO02 c 1000 {464f

w Acetamid9,N-(4-othox@0nyO- 62U2 Plwmcetln 1= 4 U187 B 1m (46.4)

Acat*mid9,2-fhmrc9. 640197 Fktoroacotamida 1“ 4 P067 e 100 {46.4)

AcatamldojN-9H-fbcIren-2.v+ 6SS63 2-Acotybmhofbarana 1“ 4 m x 1 (0.w

Acotb uld 64107 lm 1 0 ~ (227Q

Acotk SCM12.4+Schtw0phon0xyP S4767 2,4-D Add 100 1,4 U240 B 100 146.4}
2,4-D, aattsmidaatarc

Aootb Acld, bd(2 + ) dt 301042 Lead●cotato 60W 1,4 Ulu #

Awtb add, thailbm(l + I ad 6636S8 TMtbmO) 1“ 4 U214 B 100 (46.4}

Acatk MM 12.4,6-trkhbr#wxrxv)- 03706 2,4,6-T 100 1,4 U232 c 1000 (4641
2,4,6-T SCid

Acatb wld, ●th@ ●ctcr 1417ss Ethyl●catata 1“ 4 U112 D 6000 {22701

Acotk scid, fbaro-, sodium●dr 62748 Fhmro@cotbscld,wdbm salt 1“ 4 P068 A 10 (4.64)

Acatlc●h@da 100247 lm 1 0 6000 [2270)

Acctono 67641 2-PrOpwlOrw 1“ 4 UO02 D 6000 (22701



Stmttory Flrtd m -
m

Hazardous Substmca CASRN R6guhtory Svtonvn3 M codst z ~ ~w
1

Ao*torn Oymohvrkln 76866 PwaMnitdID. 2-hv&oxv-2-mxthti-2- 10 1,4 Po6s A 1014.641
Mothyltactonttrilx

Aootordtrik 76068 1* 4 Wo3 D 6000 {22701

Aouophonom w6a2 Ethurorm,1@wttvi- 1* 4 Uoo4 D 6000 [22701

2-Aoot@mnirtofbJorom 63963 Aootamido,N-6H-fti8m2-vl- 1* 4 UO06 x 1 {0.464)

AO@ bromlds 606067 Boao 1 D Booo (22701

Aootylohlorwo 76366 BOoo t.4 Ww D 6000 w27a

1-Aoql-2-thburM 6S1062 Aostamidc,N-(mrrlnothbxonwthvlk 1= 4 PO02 c 1000 1464)

Aaohh 107028 2-PropDMl 1 1,2.4 Poo3 x 1 [0.464

~ Acrykrnkk 76061 2-PropxlwrddO 1* 4 uoh7 D 6000 f22701

w
Acryilo●dd 79107 2-Rowmb W 1“ 4 rJoo6 D 6000 [22701

107131 2-PrOrmnxnitrM 100 1,2,4 Uao6 B tm {4B.41

Ad@b ●id 124040 6000 1 D 6000 1227(4

11606s 14qwtd 2-rrwtt@2-{nreth@thbJ-,0- 1* 4 P070 x 1 (0.4641

lhrwtwsti)~loxho

Al@r 3oao2 1,4.6,8-LMnatknwrqMwlM8. 1 l,a4 PoM x t fo.4641
129410, lG104roxdtbr0-1 .4,4w6,8.6a-,.. .
bxah-,(law.titi,~bw.bm,
6aw,6dmtd-

A3yl dOohol 107166 2-Rqmn-ld lm 1,4 Poo6 B 100 (46.4)

Ally10M0rid9 107061 1000 1 c 1000 (4641

AlumlrwmphospM8 20668738 1* 4 Foo6 B tOO [46.4]

Alumlnumsulfato 10043013 6W0 1 D 6000 (2270)

6-WninomcthyO-3-koxudd 2703364 MusoImd 312nl-Icox9zobrm.6-(sml~tWl- 1“ 4 PO07 c 1000 [464) m
m

4-&nkrOpyridlM 604246 4-Pwidhmmhw 1“ 4 Poo6 c 1000 (4641 g~
A

3?
u.
-L
dot
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Hszwdouc Substsnco CASRN ROOUMW Synonyms RD -t z ~

Amltrols 61826 1H-1,2.4-Triszol-3-amkrs 1* 4 Uol1 A

Ammorrla 7664417 100 1 B

Ammonium ●mtats 631618 m 1 D

Ammonbm b.nzwt. 1863634 6000 1 D

Ammonium bkubonsm 10W337 6000 1 D

Ammcmlum Motrmnstm 7780096 1000 1 A

Ammonhm blthtorlds ! 1341497 I I ml 11 Ifl

@mOnlum bhdfito i 1019Z3OO I m.1 D

Ammonium oubamts 1111780

Ammwrbm csrbonst. 606876

AmmOnbm O&rlrls 12126020

600D 1 D

m 1 D

6000 1 D

Armor&m cfromsts I 7780088 I I- 1 A
# , *

Ammonium oitrsts, dlwlo I 3012666 I 1-1 11 ID

Ammonium fMOtrorsts 13tt26830 6000 1 I D

Ammorrbm fkmdds ! 12126018

Ammonium It@’oxlds ! 1336216
n

Ammonium oxdstm 6002707

6072730

14266492

Ammrmlum plomts I 131748 ] Phsnol, 2,4,6-trMtro-, smrmmlum ssft

Ammonium ●Rloofhtorlds 16S19100

Ammonium sttlfsmst. 7773060

Ammorrlum wtflds 12136761

6000 1

I I

c

D

A

c

t)-

-’-4
6000 (227a I

+

6000 (2270)

10 (4.64)

100 (46.41

a6000 (2270)

6000 (227a

6000122701

6000 [2270!

10 (4.64)

600G (2270j

6000 (2270)

100 {46.41

1000 (464)

+

Ia10 (4.64)

1000 1464)

6000 (2270)

100 (46.4J
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RcRA

Huwdous Substsnco CASRN
Wmw

RoetdatorySynonyms Ra CO&t ~ ~ POulds Usl
I

Ammonbm .uItke 10196040 W 1 D 6000 [22701

AmmOnbm tsnmts 14307438 m 1 0 6000 (22701

3164202

Ammonium thbcywwts 1762064 w 1 D ~ 122701

AmmOnbm vmm&t9 7603660 V91-Udk wU, ●mmonbm salt 1“ 4 Pll@ c 1000 [464)

A@ ●ca9to 028637 1000 1 D 6000 [22701

IseAlnyl Scstatb 123022

Sm-Amyl Scctcto a26380

Isrt-Amyl ,cOtwo 826181

y ArdkM
WI

62533 6.ru*n9mhn 1000 1.4 Uol 2 D 6000 (22701

Anttuwom 120127 1“ 2 D 604t0 (22701

Anthmnytt 7440360 1“ 2 D 6000 (22701

AN71MONY AND COMPOUNDS WA 1“ 2 . .

Antbnony pontactlbrti 7647189 low 1 c 10DO !464}

Antknony pot~~sbm twtmto 28300745 100D 1 B 100 (46.41

Antimony tremmkto 7789619 1000 1 c 1000 14W

Antbwmy trk~ 10026010 1000 1 c low (464)

Antbnony trlthmdda 7783664 looD 1 c 10DO {4641

Ambnony trbxkk 1300644 60D0 1 c 1000 (4641

Ngmtm.( 1-t, bkkw-10-Cl-, potss~bm 606616 POtmabm ●UvU .ewnldo !“ 4 Pow x 1 (0.464}

ArOclOr 1016 12674112 POLYCHLORINATED BIPHENYLS WCBd 10 1,2 x 1 (0.464)

Am&r 1221 11104282 POLYCHLORINATED BIPNENYLS [PCOd 10 1.2 x 1 (0.464)
m
3

Aroc~1232 11141166 POLYCHLORINATED BIPHENYLB (PCBd 10 1,2 x t (0.464) ~z
d

2?
my
-d
+0)
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RCRA

Hazardous Subatmco CASRN
Wxsix

%guhtory Synonyms RQ COdOt ~ catxgoq ?ouMa IK(I]

Arocbr 1242 I 63460210 POLYCHLORINATEO BIPHENYLS [PCS-I I 10 1,2 x I 1 (o.464t
1 1 I I

Am&r 1248 12672296 POLYCHLORINATEO BIPHENYLS (PCBS) 10 1.2 x * (0.4s41

Nocbr 1264 11097601 POLYCHLORINATEO BIPHENYLS WCS-) 10 1,2 x 1 ‘0.4s41
“—, —

mocbr 12s0 110s6826 POLYCHLORINATEDBIPHENYLSWCBd 10 1,2 x 1 ;0.4s41

Amw-llct t 7U03S2 1“ 2.s x 1 {0.4s4}
i I

ArOerdo ●cld I 1327622 Amenk ●dd H3AKt4 I 1* 4 I Folo lx I 1 10.4s4}
I I I I

I 1 777R3U I I I

ArxOniO●CrnH3Ax04 1327622 Afaank ●dd 1“ 4

y
777s3s4

m ARSENICANO COMPOUN08 WA 1“ 2

Aromk dxullldx I 1303328 I -1 1

ArxxnkIOXMXA8203 1327633 AssmlcWbXb Booo 1#4

&xmlc OxldxAX20S 1303282 Amonk DxrltOxirh 6000 1.4

Arxxnk puuoxldx I 1303282 AJSOI)IGOX* Ax206 1 ~1 1.4

-do trkhbddx I 1764341I I -1 1

ANark UiOxklx 1327633 Arxmk OX* Ax203 6000 1,4

ArxwllG trbtltfldx 1303330 m 1

Ar*hO, fuothv$ 092422 Dicthvi.mdrw 1“ 4

I Afddc ●cid, dhethvl- 1 76806 ] Cacodvlk SCM I 1“ I 4

Amomux dkhMdo, ph.w~ I 0962S6 Dkhlorophonylxrdnx I 1“ 4

Aoboxtoxt t t 1332214 1“ 2.3

Aur*mlnx 402808 BOnz*ncmln., 4,4’-ccrbonlmld0 ylbl* 1“ 4
IN N.riknalhwl-

Polo lx I 1 (0.4s4)

i
1 1

I ..
lx I 1 {0.4s41

lx 1 1 10.4s4)

P036 lx I 1 10.4MI

x 1 (0.4641

U014 s 100 (46.4)



II I Stmitol

I I
Hazardous Sttbstmco CASRN Regulatory Synonyms Ra Co&t

Azamrim I I m26 L-Serirm, dmzoecetata (OSIW} 1“ 4

Azwk-la 161664 EthybnlmJna 1“ 4

AMdkra, 2-mcthyl- 76668 1,2-F’rop}bnlmhu 1“ 4

AzHrro12’,3’:3,41wrobl 1,2-drxlolA,7- 60077 Mltomvcln C 1* 4
dbrn,0-amti-8-ll (~mtiafbnvboxvlm@thvll -
1,1 ●,2,8,8a,8&kxahy&o- Sa-me!kxV6-
mattryt-,11sS41 ●a~ti,8bt#.8aabk,8ti@ ha)l-

Bxrium cyan!da 642621 10 1,4
1

Borrzijlacomttuylmo. t ,2-dhy*o-3-m.tW 66496 3-M.thvkholanthrxm 1’ 4

Swlz(c)acridirra 226614 1“ 4

Smzd Chbrldx 08873 SaUorn, dkhkxormthyt- 1“ 4

Bonzamld., 3,6-dkhlwo-N41. 1-dlmothyi-2- 23960686 Pror-ramide 1“ 4
PfoPYnv&

Suuldmttmoww 66663

1,2-sommltlXac*M
I

68663

S.nzlalwrttxocmc,7.12-dlrnathvl- 1 67078

Ekzomminx ! 62633

Bwuonamim, 4,4’-cartwrimidovlbh
I

402808
(N.N-ditrtothvl-

8mUerwmim. 4-chbro- ] 106478

Bonzmwmirm, 4-chkro-2-m,thyl-, hvchochlodde I 3166933

Sorrzorramlrw, N, N-dtiothy14(pbnvkz0-) I 60117

Bonzorramlrre, 2-methyl- 96634

Bwrzwramin., 4-mothyl- 10s400

SOmolalmltlxmwu 1* 2.4
1,2-s0Nwrtlx*c9m

B.nzlalanttumwtx 1“ 2.4
S.nzolalenttmcxm

7,12-DhathvbmlalantWscem 1“ 4

Anllina low 1.4

Auramim 1“ 4

p-Chkxoaniiim 1“ 4

4-Chbro-o-toluidim, hydroctrlc+kk 1“ 4

p-Dim.thviamlnoazOtaruerw 1“ 4

o-loluidlne 1“ 4

p-loiuidlm 1“ 4

Wnm INutrrbu ‘- I hlxlda (KS1 I

U167 A ! 10 (4.s4)

I I
Uola A 10 14.64)

‘ls 1A I I10 (4.64)

,

Uom x I 1 10.4s41

U012 ID ! S000 122701I

U014
I

B I lWJ(46.4) I
P024 c 1000 (464)

U049 Ill I lCKl(46.4) ]



Statuta

Hazardous Substanca CASRN Ragulato~ Synonyms RO C040t

Bwiz.rwmln., 4j4’-mathylsncbb12 -chloro- 1011U 4,W-M,t~bMti(2-otioa flM) 1= 4

BenzOMmln., 2-msthyl-, hvrhAtOrk10 036216 o-lotuldirm hv&oWorkk 1“ 4

Bonzonzmlnc, 2-mdtyt-6-nltro 8S668 6-Nitro-o-tohddbz 1“ 4

B.nzomminq 4-nitrc- 10001O pNltromllim 1* 4

Baruam 71432 lWO 1.2,S,4

Bonzanmcotb ●C~. 4-chkrc-m~ha- S10166 Chbrolrmznatm 1“ 4
W-OMwWhOll@-abha-ttyrbCxy-, ●thyi oztw

Banzanc, 1-brOmO+ttOrmxy- 101663 4-BrOmcptmt@ ptral@ ●ther 1* 2,4

Botuattabutmiob acid, 606033 Chbrambuc# 1* 4
4-lbk(2-chkrOathyB*mhol-

Banzam, cttkro- 106907 Chtcfobuuww 100 1,2.4

B.nmrm, ctrbrom.thvl. 100447 B*nzyl Chbrldc la 1.4

Batmtcdhmh, ar-mwhyt- 06B07 Tohmmdlomho 1. 4

498720

923406

1,2-BanzwmdkwbOx@O #cId, dkctyl ●MU 117640 Oi-n-c.ctw phthatcto 1- 2.4

1,2-ekrWnzdbcrbcx@C ●CM. 117917 Bb (2-drythaxyl)phthclcto 1* 2.4
lbk(2-Ot~zylll-c’ztu (NCthyawxyl phthalcto

1,2-Bwtzonadkubcxvtb ●dd, ditwt~ ●star 64742 01-rr+ql phthatato 100 1,2.4
Olbutvl phthctcto
n-ButvI phthatato

1,2-BmwrrOdkmbOxVtk SCM, dbthyl ●stw 64662 Oiothvl phthalstc 1“ 2,4

1,2.Baruarmdkdmxv3c odd, dirrwthyl ●stw 131113 Oittwthyl phtttalato 1“ 2,4

Bonzoru, 1,2-dichkre. 96601 o-Dbhbrobmzono 100 1,2,4
1.2-Okhbrobmzotm

Wmts
Numbu Cmcgary I Pounds lKgl

U168 A 10 [4.64)

U222 B 100 (46.4)

U181 B ! 00 {46.4)

P077 o 600@ 12270)

U102 A 10 ?4.64}

uo3a A 10 (4.64

=#=

U037 B 100 f46.4)

P028 B 100 (46.4)

U221 A 10 (4.641

1 I

uoaa A 10 (4.641

I 1



—

statutory Find RQ

RCM
w-m

Hazardous Subatmco CASRN Rogulatow Synonyms RQ Cdxt N- CxtxWy Panda IKoI
1

BWUOIN, 1,3.dkhioro- 641731 m-Dkhbfob.fumx 1“ 2,4 U071 o 100 (46.41
1, 3-Dkhbrobonzwm

Benzomx, 1.4-dkhbro- 106467 p-okhllxobxnzxnx 100 1.2.4 U072 B 100 (46.41
1,4-Dkh&xobmzom

Bonzmx. 1,1 ‘-(2.2 -dkNofoathyMdxml 72646 ODD 1 1,2.4 UoBo x 1 (0.464)
blx[4-chlw0- TDE

4,& ODD

BWIZOI’W,dkhbronwthv+ 06673 Sonzd Chbddx 1“ 4 U017 D 6000 (2270)

BMzwm, 1,3-dI!xocymxtomethy!- 664640 TohJcnx dllxocymxte 1“ 4 U223 B 100 {46.4)

01067

26471626

BOnzu’lx, dnwthyl t 330207 Xylem {mLz.dt 1000 1,4 U230 c 1ooo (464)

m-floruxnx. drnothvl 108383 m-Xylxnx

*6mz@n0, dlmolhvi @647e o-x@xnx

p-Bmxxno, &wthyl 106423 pxyhnx

1,s-BuKxrmdk4 10W83 Roxorckml lm 1,4 U201 D 6000 [2270)

1.2.Bxnz0n0dk404-l 1-hy&0xv-2- 61434 Epk#lrinx 1* 4 P042 c 1000 [464)
lm.th@xmhO)dtvW

hnzonxothxnxmkm, ●@hx,a~-dknoth@- 122008 ●Ww,oWtx-OhmthvWwrnt*mti 1“ 4 P048 D 6000 [2270)

Bonrxno, hOXdlbrO_ 118741 Haxachbroboruonx 1“ 2,4 U127 A 10 (4.64)

Bmxonx, twxahy&o- 110621 Cvcbhxxmx lm 1,4 U060 c 1000 (464)

6wIz0nx, hvtkoxy- 106@62 PhOnol 1000 1,2,4 U188 c 1000 1464)

BWIZOM. mcthyi- 106883 TohIonx 1000 1,2,4 U220 c 1000 (4641

Bonxen., 2.moIh@- 1,3-dhltro- 606202 2,0-Dlnlrroto&uu lom 1,2,4 U106 B 100 (46.4)
m
3

Bcnwno, 1-methyl-2,4-dhllr* 121142 2,4-Dinltrotobun lcrfm 1,2,4 U106 A 10 (4.64} gz
a

2?
V*
-d
+Ua



statutory

I I RCRA

I Hsrardws Substartco I CASRN I Reoulatow Svnonvms Indt-tl=
BOIUOm, 1-molhylothyl- ! 08828 Cumww ! t“ 4 U066

,
BwIz.rm, nltro- SS963 Nltrobmztna 1- 1.2,4 Ulm

Bw-tz.rm. pontschkre- 40093s P*II1 ●chkrobxru.m 1“ 4 U183

Benzene, pontuhlwonknJ- ! 82688 Pcntachkronhmbmzxrm (PCNB1 ! 1“ 4 U186

Bwzomdfda ●dd Chkri& ! osmo BoIwormwffonvICflkrkk ! 1* 4 U020
,

BwIzonowttonvI oh&rMs I S8069 BonzwMculfonk ●Cid chkdda
!

1“ 4 U020
,

Bwuxns, 1,2,4,6-fotrmhkro- 1 06943 1, 2,4,6-Tofr@chkrc.Lmnzmw I !“ 4 U207

Betwmwttdol 10IIO86 Thkohorml la i 4 m14

~ EhIxOnx. 1#1‘42,2.2-td-&kroOthy MOnd 60203 001 1
kkk4-ohkor0-

1.2,4 Uo61
4,4’001

s
BOnzxnO, 1,1 ‘-orkhkx00tfrv6d0rWt 72436 Mothoxydrkr
bkk4-m0th0xv-

1 t ,4 U247

6criz0m. (tJiof4w0m0thv9- @6077 Buuotrk~ 1“ 4 U02S

60nz9n0, 1,Wwhkro- 09364 1,3,6-TrHfmbxnxum 1“ 4 U234

02076 (1,1’-B~-4.4’dwrdrtx 1* 2.4 U021

1,2-6xrukothkx0k3k2Hl’UlO, 1,1*X* 81072 6xcohaln ●nd Xxlfo 1* 4 U202

Bx#tmldwrtlmwtrx 66563 6uuldantfWxc0n9 1“ 2.4 Uola
1,2-BmzsnttmOwm

Bonxolblfkmrxntfmrm 206902 1“ 2

Bonxdk)fkormthonx 207060 1“ 2

Borizofl.klfborern 206440 Fkmmntturm 1’ 2.4 U120

1,3-WrrxOdOxOk. 6-(lW0fmnv4- 120681 I.oxaf rob 1“ 4 U141

1,3-BxrKOdOxofs, 6-[2f#ownyfh 64607 Saflob 1“ 4 U203

1,340rUodkx0k, 6-fnof)vf- 64s80 Dlhv&ooafrok 1“ 4 U060

==l==J
o 1 6000 (22701

B I 100 (46.41

a I 100 (46.4) I

wB 100 (46.41

D 600012270

s 100 (46.4)

x 1 fo.4M)

n==laA 10 {4.64)

A 10 (4.664)

x 1 [0.464)

e 100 (46.4)

A 10 (4.64)ax 1 (0.464)

o 6000 (2270}

B lW (46.4}

E 100 (46.4)

B 100 (46,4)

A 10 (4.641



Husrdous Subststlzs II CASRN Rs9uhtotY sYttottmtts m
Swuob add 668S0 soOo 1 D

100470 1000 1 D

-m~ 189669 02wnz(m.1~ 1= 4 Uos4 A

-~ 1S1242 1- 2 0

Zff-1 ~z-e -w$4-*t- 81812 Wutarln.k ooao,whsnpruasm 1- 4 Pool 8
@m@b@yQ-, a OsltD, WhM pramt at 80nwntmti01m ptu ttmn 0.s%
awlcmbmba @w tlnn 0.3%

suudalpvTam -28 %~ 1* &4 U022 x

%~ 60228 6wuolalpymn8 Is &4 U022 x

10S614 Z,s-cycbtwxodaw- 1,4-llblw Is 4 U107 A

06077 SOIU*M. (mkhbmmOthvll- 1* 4 Uoza A

6mlz0vl ~ 08s64 1000 1 c

l.2~- 216010 CtWsOlw 1* 24 - B

-~ 1-7 Su’KoM, ~ 100 1,4 P028 o

~tt 7-17 Sc@ilum&mttt 1* 2&4 F016 A

SSRYUJUM ANO CDMPOUNDS WA 1* 2

~~ 7787476 soOo 1 x

6aylnum dmttt 7440417 Suy61umtt 1* 2,S.4 PD16 A

~ f- 77s7467 6000 1 x

6w@lhlm Ilkmto 136S79S4 soOo 1 x

77S7666

S19S4S 1* 2 A

bom-sttc 310867 1“ 2 x

PaundDlxgl I
S000 (22701 I

+

6000 (Z2701

10 t4.s4)

6000122701

100 (4s.4

==+

1 (0.4s41

1 10.4s4)

10 [4.s4)

10 (4.s4)

1- (4s4}

100 [4s.4)

100 14s,4)

10 14.=)

. .

1 {0.4s4)

1014.s4)

1 (0.4s4)

1 {0.4s4)

d10 (4.s4)

t (0.4s41



Statutotv Find RQ

RCRA

Husrdotm Substanco CASRN
Wblw

Rsgulatow Sytwnyttt3 no Co&t ~ atOgOq - Ikt@l

dolts-BHC 310868 I* 2 x 1 [0.4s4)

gamma-BHC 68a90 cYcbtwx@fto, 12346 6-ktox90ftlmt,. . . . . 1 1,Z4 U120 x 1 10.4s4)
t 1●bhx.2dpb3b.ts,tibkm*.a b.t+
HOXXC~SIIO IOXIWIM -)
Lkuk81m

2,2’-Bbxkww 14S4636 1,2:3,4-DkPmybMam 1“ 4 U035 A 10 (4.s4)

(1, 1“-B~+4”*mkts S2876 Bonxldkm 1- 2s4 U021 x 1 (0.4s4)

I 1,1 “-B@t0nyl14,4”dsntktx,3,3’dkhkoro. 91s41 3.3’-Dkhkor0b@nxldkt0 1* 2.4 U073 x 1 (0.464)

I 1,1 “-~4.4”dlsmh0,3.3’dmothOxy- 110s04 3.3”-olmothOxyLmnxl&m 1= 4 Uoal a 100 [46.4)

[ 1,1 ‘-_J4,4’-t3smino,3i, S-dimothy& 1 I 0937 3,2’-Dinmthy3mtzhtkm I* 4 W66 A 10 {4.s41

Sk (2-ohk8wtfty4 ●tfta 111444 Diohbroothyl ●hxt 1* 2.4 U026 A 10 (4.s4)
Ethano. 1.1 ‘-o~2-ohbto.

6ix(2-Ohbmdmxyl mothmN 111911 DbhbmmOthoxy ●thmn 1* 2,4 U024 c 1000 (4s4)
Etfunx. 1,1 ‘-lrnmh@snobk(o~ lktkx[24bro-

BIB(24thylhm@pfttftAm 117817 Dwty3mxyl pksfulxto 1- 2.4 uo2a B 100 (46.4)
1.2-~xylb DOl& [*2-
●thy3mxyf)l atu

SmmmOOtotm 600s12 2-PrOpanono, l-bromo- 1= 4 F017 c 1000 (4s4)

Sromofomt 76262 Motherm, ttfbromo la 2,4 U226 B 100 (46.4)

4—~Pf=Wf- 101663 Bonxolto, 14mm0+hmxy. 1- 2,4 Uw30 B 100 {46.4}

36767S stlychnldin-l@Ons, 2,sdlm0thoxy- 1* 4 Polo s 100 [46.4)

1,3-Butdiwm. 1. 1,2,3,4,4-hoxdIloro- 67063 Hoxachbrobtnullom 1* 2,4 u12a x 1 (0.434)

1-Butmsmlno. N-butyf-N.nitrooo- 0241S3 N-Nltromdi-n-hnvlgmku 1“ 4 U172 A 10 (4.M)

1-Butmlol 71363 msutyl dcOflOl 1= 4 U031 D 6000 (2270)

2-sutmlOlw 76S33 Methyl ●thyl kgtom (MEK) 1“ 4 U16S D 6000 [2270)



8tDtutow FM RQ

m
wan

Hazardous Substutc8 CASRN Roguhtow Synonyms m C9&t ~ ~ FsImdxtlcgl

2-6UIW19M pxcoxldx 1338234 Mathyl ●Ihyi ketonxpXtOXktX 1“ 4 U160 A 10 {4.64}

2 6utmono, 3,3-dlmxthvi-l-hmothvlthkl-, 39190164 Thklamx 1“ 4 F046 B 100 {46.4)
Ol(moth@xmktOlcubOnytloxknx.

2-6UIOIWI 123739 C20tolukdxhyds 100 1.4 U063 B 100 (46.41

4170303

2-6UIW. 1,4-dew 764410 1,4-Dkhlao-2-butum 1* 4 U074 x 1 (0.464)

2-6utxnok ●dd, 2-mxthyi,7112.3UhVdorxV-2- 203344 Lxd0c4rph 1“ 4 U143 A 10 (4.64)
{1-twthoxy01hy4-2-meth’@1-aXolxltoxvl
tnothylk2,3,S,7s-totrah@e 1H-Pwoltzlr+1-
ykxtw. IIs-llaok(zl,7( 2S”,*”l.7mWll-

Wtyl awwto 123864 6000 1 D 6000 [22701

b6utyl Mototo 110160

ooo-6utyi0001s10 106464

tat-6utyl 0c9tsto 6408a6

n-lkttylOkOtml 71363 1-mltmol 1- 4 Uo31 D 6000 [22701

100730 lWO 1 c lm {4641

~~ 7881@

xOo-6utykndn0 613495

13962646

tut-6utylxmku 76640

6utyi bonryiphthxkxto 86687 1“ 2 0 100 (46.4)

n-6utyi phttukst* 64742 D1-n-ixnylphthbbtc 100 1,2.4 uo6@ A 10 [4.641
DILwtvlphthxlxta
1,2-Bwumxdkxrlwx@k ●eld, dibutylcatxt

Butwk xckd 107926 6000 1 D 6000122701



SWLttory

RCRA

Hazardom Substat-tca CASRN
Wxxm

f!ogultiory Syttowtlm RO Cc&t N*

bo-Butyrb ●Cid 79312

c*cOrtytksold 76.306 Adnk ●Cld,dlrndryl- 1“ 4 U136

Cdrnbmt t 744043e 1= 2

C.dmlum ●cotato 64390e 100 1 —.
CAOMIUM AND COMFOUNDS WA 1* 2

C.dmbm Lcomlda 7780428 100 1

Cmhbm chbrldx

—

loloe642 100 1

Cakbm XrxOnxto 7776441 lm 1

Cakbm xrcarrlt. 62740106 1000 1

Cckbm cabkk 76207 6000 ‘

Cckbm clwomcm

—

1s785160 CFcomk●cidH2C704, ockbm nlt 1000 ● /44 U032

Cckknrtovarddc 6e2018 Ccklum ovddc CCKN)2 10 1.4 F021

Csbbm ovcrddcCclCN)2 6e201e Cxkbm cvwddc 10 1.4 P021

C&knn ~3ronzcnxxutfc.ruto 20264062 1000 1

~-~* 7778643 Im 1

Cmphcnc, ootxchkro- 0001362 Toxxpttcnc 1 1,2.4 P123

Ccptan 133062 10 1

Cmbxmk &oM,.thvl cxtcr 617ee Ethytcxrbcmxto(wcthxrtd 1“ 4 U238

Carbxmk ●dd. rnothylnhmso-,.thvl .stcr 616632 N-Nitro.0-N-mcthyhx.thxn@ 1“ 4 u17e

Cwbxmb chbrldx, dlmwhyt- 76447 DlnwthvkxrtnmoytChbdd9 1“ 4 uoe7

Cmbxrnodlthbb ●dd. 1,2-OthxrrOdlvbtc,salts& 111646 Ethybrmkkdhhbcxrkxmk xcld,cxtm& .atwc 1“ 4 U114
Utuo

Find RQ

I

x 1 (0.464)

A 10 (4.64)

A 10 14.64)

I ..

x 1 1 (0.464}

x I 1 (0.464)

A I 10 {4.64)

d=
A 1 10 14.64)

x I 1 (0.4641

3=
A 10 (4.64}

B 1~ {46.41

x 1 (0.464)

x 1 10.464)

D 6000 (22701

1



Smtttofv FM Ra
RcnA

Hazardous Substottco CASRN Ro@datory Synwtyttt, ma Ce40t z ~ P- 6@t

timothbk ●eld, bkl l-m.thybthyll-. 2303164 Dkikto 1“ 4 U062 B 100 (46.41
B-(2,3-dkh-kto-2-PrcPuIvO ntu

Cartwt’yt 63262 100 1 B 100 W6.41

~ftman 1663002 to 1 A 10 14.64)

C* &llwlds 76160 60D0 1.4 P022 B 1~ [46.41

CclbOtl Cxyfkcrkk 363604 CarbOnk dukollds 1“ 4 Uo33 c low [464)

Cubcn totrachbdds 66236 Mothmto. totrdikrc- m 1,2.4 U211 A 10 (4.64

CubOtdO 00kL dithctim{l+l xxlt S63730 7tts3km(0 ccrbctnk 1= 4 U216 B 100 {46.4)

Cubcnkdchkli& 76446 Phcqpx m 1,4 POU6 A 10 [4.64)

ccIbonkdtfkddO 363604 CcrbOn oJ@KddO 9* 4 Uo3s c 1000 (464

~ 90M. tnathyt Oxtu 79221 Mcthyt chkrccwbcnste 1* 4 U166 c 1000 {464)
M.thyl chkmtcnnmc

Chkrd 76876 AcotddahvdO, trkttklc- 1= 4 U034 D BOW (22701

chkr9tnbc3 305033 Bwuwnbututck mid, 44bb(2-chkrwthyO 1= 4 U036 A 10 (4.64)
●mkml-

chkrdDm 67749 Chlcfdmn. ●btta a gamma bcmon 1 1,2,4 U036 x 1 {0.464)
chkfdaM, t@oh14Cd
4,7-Mothx*l H-imktn. 1,2,4,6,6.7.8,8-

cctachlOm-2,3,3c,4,7,79-h9xaw*

CHLOROANE lTECHNtCAL MIXTURE AND WA 1“ 2 .,

METABOUTE81

-dxno, ●@tta & gcmma bomux 67749 Chbrdanx 1 1.2,4 U036 x 1 [0.4641
Chkrdmw, txohnicd
4,7-Mdmc-lH-hdorn. 1,2,4,6,6,7,8.8.

cotachkw-2.3,3x.4,7 .78-kxahy&e
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1 1

II w
HuudoLt3 Submatce I CASRN ! R9aulmotvSvnottvrtm lMl co&t

~*~- 016s7 Naphttnhm, 2ddo?o- 1* 2,4
2-cMoron@tttnkna

2~- 1 01687 I beta—chkwupMhdMa I 1“1 2#4
I I Mphthdwto, 2.0MorO- 1 I

z-~ I I9567~ o—~
II

1- 2,4
Phenol.2-chb?o-

+~ 06678 PhulOl 2-ohblo- 1* 2#4
2-chbrOptlOnd

4—~ Dtunvisthu 7006723 1* 2

l-(o—~tthuu I 6344621 I Thkwoa. (2-chktoohmv6- I 1= I 4

3-—~ I 642767 Propamdtrik, 2—ohkm— I 1* 4

Cthroa#odo 9CM 7760046 Iwo 1

4-mo4toklldno. hy&OChkwkJa 310603s Owuewmlm, ~o-2-moth@-. 1= 4
It@ochblklo

Clwmb Scotato 1066304 10DD 1

CtWndOmld 11116746 1000 1

I 7738646 I II

CluomloCM H2Cr04,oakbm dt I 137061SO Cckbm clwxrwt. I 100D 1.4
, ,

Ctwomk Nhto I 10101638 I 1000 I 1

Ctmm&ntt 744W73 1“ 2

CHROMIUM AND COMPOUNDS NIA 1* 2

Clvomouc cldOri& 10049066 1000 1

Clwvsom I 216019 I 1.2-Et.nzohonantlw.m I 1“ I 2.4

Cobdtws tmmb+, I 776~37 I I 10001 1

U047 D 6000 [22701

U047 D BOOO(22701

u B 100 [46.41

W46 B 100 (4s.4)

ID i WOO 1227DI

=&&=
U049 IB I 1~ 146.4)

A I 10 (4.641

I

W32 A 10 (4.641

c 1000 (4641

D BDOOf22701

. .
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Cobdrotmformat. ! 644183
r

Cobdtwo UIIbmmo ! 14017416
1

Coim Owwt Emlmbrm I MIA I
1

COUW cvutldoCUCN I 644023 I COPPU cvsnkio
I

Copportt 7440606

COPPER ANO COM~UNDS WA
1

CopperOvm’ddo I 644023 I ~ GvDll& CUCN

66724

CJoowto I 8D01 680 I

CmoolM
I I

1s10773 C208* ●cid
PtmnOl. m@rvl-

Oonol 06467 e-crw@O aou

pCTOwl 106446 pcra* sold

w -~ 1310773 Cfocollsl

I I Plmrol# rnmhyk
1

rrreoool I 106334 [ m-Q08@0 old

o-#nd 96487 O-cruvllo 9cld

Wcruol I 106445 I D-crcw30 add

crotoMkJoh@s I 123730 I 2-Eutuul
1

4170303

@a828 6enr9m# 1-rnsth@sthyl-

CIlmiO aootato 142712

1000I 1

3=
lDOO 1

1- 3

1= 4

1= 2

1“ 2

1“ 4

10 1

1“ 4

low I 1,4

m29

PD2S

UDB1

WB2

3=
c 1000 {464)

c lDOO 1464

x 1 10.464)

A 10 (4.64)

3=
D 6000 (22701

● .

A 10 14.64)

A 10 (4.64

x 1 (0.464)

c 10001464

.

1 1 u n

I I I I
1

low 1,4 U062 c 1000 (464}

n m m ,

lW 1.4 U063 B I 100 (46.4)
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cupric ●csloarxmito 12002038 100 1 x 1 [0.4641

CIJprlocMOrld9 7447364 10 1 A 10 {4.64

CUpdOmat. 3261238 100 1 B 100 {46.4

CUpdOOxalmo 6893G63 100 1 B 100 [46.41

CuptioMIllato 7768987 10 1 A 1014.64

CUpdOSUhta, wnnt0dm9d 10360207 100 1 B 100146.4

CUpdOIa80te S16827 100 1 B 100 (46.41

CYANIDE8 WA 1* 2 . .
y
* c#th9 hohbk @to Wtdoomplox-1 not 67126 1* 4 F030 A 1014.64
m Othawln qmdrlod

~~ 4601S6 Etlundidtdk 1* 4 Po31 B 100 (46.41

~~ ~ _ . .603683 cvMogofl hUmJdS[cN)& 1= 4 u24a c 10001464

CyatOgM MOmw KN)Br 606683 CymOgUl bOlnl& 1* 4 U240 c lDOOW641

q~ ~ 606774 CwlOgwn OhlOrl&ICNJU 10 1.4 Pow A 10 [4.64)

m- dtwh {cwa 606774 Cywmwn chhdda 10 1,4 PW3 A 10 14.64}

z.~~-l.~ 106614 pBonxoquholm 1“ 4 U197 A 10 [4.64

1000 1,4 Uo6a c 1000 (4641

C@ottwxono,1,2,3.4,6,8-hoxdIbro-, 68899 wmmO-BHC 1 1,2.4 u12m x 1 [0.464)
f1•w,am.tia,~m,tibb.e.hto)-

,--- 106641 1= 4 U067 D 6000 1227~

2-cyOlOhoxyi—4.6dMmpkd 131806 Phenol.2—0@0w7U,6-dnltre 1“ 4 P034 B 100 [46.41

1.3-Qdqnntdono, 1,2S,4,6.6-hOXUMIXo- 77474 **~- 1 1.2,4 U130 A 10 [4.64)
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~~ 60180 2H- 1,3,2-0xozqhsvhwh2-wnlrw. 1“ 4 Uo66 A 10 (4.641
N,N-bk(2-chbroottt@t@ah@o-,2+)xlda

2A-O Add 64767 Acotb acid [2,&khb@wmx@z4-0, 100 1,4 U240 B la (46.41
Ulto ad Ntua

2A-O Ectu 64111 100 1 e WQ WB.4t

247s1

B4604

1s20100

1028S87

192s61 e

10287S3

2071382

26166207

62427111

24.0, * d *U9 64767 Aootb add {~-a4.o 100 1A U240 B lW [4B.41

~-la B.12~. ~oouv+l@l$ 1* 4 t.tWB A 10 [4.64)

-2.%5 ~-tvJl-o-
~1-7*~.9.1~ t~.ul 1-
~-1-~-. (B6-cbl-

Ooo 72646 Bumno, 1,1’.@2.&ht0mc thyudzn01bid4- 1 1.2.4 w x 1 (0.4641
chtOro-

TD6
4,4”000

4.4” Doo 72646 Buu9no# 1. V42#2 4chkx0sth@d8n0tw4- 1 1.2.4 Uow x 1 10.464]

TOE
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)0s 72669 4,6 DoE 1* 2 x 1 40.464)

1,4’ DDE 7266S DDE 1* 2 x 1 (0.4641

IDT S0203 Buuom, 1, f’-(2,2,2- tlkhbmxd@dxn@bkl 1 1,2,4 -1 x 1 10.4s4)

4chkr04.4wDT

$,4’ DOT 60203 BwKom, 1, l’-[2,2.2-~t~bkl 1 1,24 Uo61 x 1 (0.4s4)

4-chkro-oor

DDT AND METASOUTES MIA 1= 2 . .

Dksolo 23031S4 Cub6m0thkk xcld, bk( 1-moth@sth@, 1= 4 UOS2 B 100 [46.41
B-(2,3, -t8chkm-2Wqmn@ XXIU

Dishm’I 333416 1 1 x 1 {0.4641

Dlbonxla.hlamlusmnx S3703 Dilmuola,hlbnttxxoonx 1. 2,4 Uoss x 1 [0.4s4)

1.2:6,S-DbxnxuIthxOxmx

1,2:B.6-DLmmwIttmOOnO 63703 Dlbuul~,hlmttxxoUN 1= 3.4 UOS3 x 1 (0.4s4)

Dlbxnxolc,hluUtxooxnx

Dbnxds,hlxdxxoxnx 63703 Dlbxnda,hloMtxxoonx 1- 3#4 UOS3 x 1 [0.464)

l,2:6,&DSwu@Xm8nx

Dnmnxldlpwmx 18S66S Bonxolfxtlpollte 1= 4 Uos4 A 10 [4.MI

l,24XxOnw-3&oPKIPXnX 6S12B FrOpam, l,2—ax0m0-%Mae- 1* 4 Uose x . 1 (0.4s4)

DSI$JWI@nhckto 64742 Dsxltfl phtmo la 1,2,4 Uo6a A 10 (4.s4)

n-sutyi phthxlm
1,2-BonzmmdOwbOXYSn mid, dlbutvI CXtU

Di-dwtvt phthxlmto 64742 DilxItyl phthxhtc 100 1.2,4 Uo6a A 10 (4.M)

*s@ phthxlxto
1.2-BonxxImSOdmxWk xdd, dibutvt ntu

Dksmbx 191W08 1000 1 c 1000 1464)

Dkhkbmll 1134S68 lao 1 B 100 {46.4)

Dkhknx I l17soe I I l! 11 lx I 1 (0.4s4)



OHllOIobommo ! 26321220

1,2-o&hbrOkomOm 06601

1,2-okhkrokwlrOm 641731

1,4-okhkwObmzBm ! 106487

m-DlcNorok.mom ! 641731

o—okNombmw I 95601

~om 1064tt7

01CHLOR06EN21DINE i WA

3.3’—oiohkmbutzldh e1641

~thwlc 76274

1.4-okMm-2-mom 764410

o&t401wth@●thu I 111444

I StMutory
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B! won., 1,2-&t40ro- 0-DkhkrokIttzclta I lDO 1,2.4 U070
m

BOIUOIN, 1,3-dkhlom m-Dkh&mbmom I I* 2.4 U071

Bonzom, 1+Jichkro p-txchbrobomum I lm 1.2.4 U072

I 1,1 ‘-*hmyl14,4’dambta.3,3”~ I 1* 2,4 U033

1* 2

2-BulOm, 1,4-d0t4wo- 1“ 4 U074

Matlum, dkNmt31hKuo- 1 1* ] 4 I U076

Etlum, 1, 1.&hbro—
Ethvlldom dktbdds I 1“1 2“41w7e

Ettmno. l,2dchkt0— 60D0 1.2,4
Ethykm dkhkdda

Ethsm, l,l~o- m 1.2,4
~~

Ehm 1,2—IM4w0— [El 1* 2,4

ok 12—akmuh2 ●thu 1’ 2.4
Ethmm, l,l’-0&bk!2-chbr0- 1 I

UD77

U078

lJo7@

U026

Pr0p4m, 2,2’-o*2-c14w0- 1 1“ 2,4 ] U027
I I

3k12-chlOmcthOxyl motham 1“ 2.4
Ethwm, 1,1 “-lnwthyiwmbkloxy )lbk
(2-chbr0-

U024

Fltml m

I

*

=+

a \00 [46.41
. . —

B t00{46,4)
-—

B 1:}.4!46.4}. . —

B 100 !46.4}

B lCO (46.41

e lDO (..6.4)

. .

x 1 (0.464)

D 6000122701

x 1 [0.464)

D 600D (227~

c *DW (4641

B I lDD [45.4)
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Diott@hsz@ phthatato 117817 0!s (2-oth@hmt@)phthsimo 1= 2,4 U028 B 100 [46.4}
1,2,-BmzOnxdbIbO Xyllc acid,
[bb(2-othyatoxyol ●0txr

N.N-’Dhttt@ty&,zkm

.—

1016801 Hy&azhn, 1,2-taoth@- 1= 4 Uoae A 1n (4.34)

0,0-DiOt~ 8-mOthyl dlthbphoaplwt. 3288682 PhOsphorodithlok Mid, O,odhtllyl 6-mxtttyt 1* 4 U067 D 6ttoa @2701
ntu

Dloth@-p-rwOpttonylphocptut, 311466 Phoxphorb Xold. Ilbthyl 41dtr0ph0n@ Xxtcr 1= 4 Po41 B 100 w5.4)

Dixtltyt ptttlulmto 64662 1,2-BOnzwmdkbw@ Scld, dlothyl ntu 1= 2,4 Uo60 c 1000 {4641

O.o-lxxthyl O-pymzinyi phocphorothhwto 2S7972 PhLuphorothbb acld# o,o-dlotl@ 1= 4 Po40 B 100 (46.4)
O-pymzlnyl Xxtu

Didl@2mtrol 66631 PhorlOl. 4,4’41 ,2dlDthyl. 1,2-otbnxdtyQblD-, 1“ 4 Lto60 x 1 10.464)
(E)

64686 1,3-60nxodoxoh, &prOp@- 1* 4 Uo30 A 10 {4.64

--~t. 66914 ~f~ m~? blc(l-mxthvlDth@l 1= 4 Po42 B 100 [46.4)
oxtu

1.4,6.64Nmot~hxlxrto. 3oaoo2 Al&In 1
1,2s.4.10,10,1

1,2.4 Foo4 x 1 10.464)
~ 1.4,4x,6,8,6x-

ttox~,l 1*.~,4xbxta,6x~,”
6xipttx.

&~t~)-1.4.6.~~~, 45s7s0 I* 1= 4 Fo60 x 1 (0.464)
1.a3,4, 10. l@hexaohbro- 1,4,4w6,8.6x-
hoxdrylkq laM.4a*,4xbxta,6abota,
6bota,

6xboto)-2,~s@-Dlm@mmnqhtM 2.3-bl 50671 Dld&irl 1 1.2,4 $037 x 1 [0.454)
oxhrw3,4,6,t),0,D-hoxdtbro- 1●,2.2s.3,6,
6a.7,7@-oot~, {laxw,2bota,2aa*,
Wxtx,6bxtx,
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@09~.7&t9,7a*~h) -2,7:3.6- 72206 Erdh 1 1.2.4 Po61 x 1 (0.464)
01motlwxmxphtN2,3-bloxhtx, 3,4.6,0, Er&rr & rrwtmboikxx
9.e-hxw*O-la,2.2a,3, e,&,7,7a-mta-
~*,llma*#2bta.tibtc. *bti.eabti,

tibia.7bta.7sa*)-hthtO 60616 PhOxpbmOdlthkk Xoid, O,oumxthyi 6- 1= 4 Pou A 10 (4.64)

12(m*t~l-2axo.thvll xxtw

3,3’-ohxthoxybuuldlnx tle604 11,1 ‘-Bbw~t4.4”&ti,3,3’tit~xv 1= 4 Uo61 B 100 [46.4)

DbnOt~mhx 124403 mcthxnmmhx, N-mxthyl 1000 1.4 U062 c low (464)

P--t~z*- 60117 BorKorumhx, N,N-d&ttxth@4-@xn@xxo-) 1“ 4 U063 A 10 [4.64)

7,12 -olmxt~o]ar4txxcxna 67076 60nzld9nttxxconx, 7.12-cbrlxth@ 1“ 4 UoM x 1 [0.4641

~ 3,r-obnOthylbuxxkihm 110037 [1, 1‘B@ynyi14,4’dlamhx,3,3’-&@xyt- 1* 4 U066 A 10 [4.64}

E •w.~htb~bmoxk 60160 Hy&OPUOXkk, 1-rrtxhtyl- 1-@wtytxth@ 1“ 4 U066 A 10 (4.64)

obnxt~moyl chkdrk 79447 C.arhmk cNorldx, dlm.thyl- 1- 4 U097 x 1 10.4MI

1#l-okrtxth@ryrkmzhx 67147 liy&azlrro, 1,1 umxthyt- 1“ 4 Uoae A 10 (4.641

1.2-ohtxtmazlnx 640738 Wtkazlrm, 1,2-anxthyl- 1= 4 U@@ x 1 (0.464

•W.~~t~t~mh 12206s sonzonxothuumhx. 9w,aw-rhxth@. 1* 4 Po46 D 6000 (2270t

2,~tmhxnd 106078 Phxrml, 2,4umxth@ 1“ 2.4 Ulol B 100 (46.4)

Olmxthyl phthlxto 131113 1,2-BmzwdkwbOx Yno Xcld, rumxthyl oxtxf 1“ 2,4 U102 D 6000122701

D@nxthvt Xultato 77781 6utfurk ●dd. dkrtxtt@ xxtu 1* 4 U103 B 100 (46.4)

Dkrltrob.rKxnx [mlxxdl 26164646 1000 1 B 100 (46.4)

rrx-owtmbnzxnx
●

99060 .. .. ... .... .. . ..

O&ltrObxrtxOnx 628260 . . .. ... ... .. . .. .

P$lrrltmlrwtxxtlx 100264 . . . ... ... ... . ... m
m

4,6—Ohlvo-o-uoxd ●nd xxtm 634621 Phxnol, 2-mOthyl-4,&llnitr0. 1“ 2.4 PW7 A 10 (4.64)
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61434 1,2.Bonzxn0dbl,44 1-h@roxy-2- 1“ 4 P042 c 1000 (464
(m*thvlmmhol.thyll-

Ethxnxl 76070 Acad&h@x 1000 1,4 Uool c 1000 1464)

Ethanmmlnx. N-othyW-nltr~ 65186 N-Nkroxodxthylmnhm 1* 4 U174 x 1 (0.464}

1,2-Ethmwdlxmhw, N, N-dirnxthyl-N-2~ 91606 Muha@lxnx 1*
N’-{2-thtxr@mxtlryl)-

4 Ulaa D aooo f22701

Etttxrtx. 1,2-dibr0mo- wraa24 Ethyixrtx dbomlds 1000 1,4 U067 x 1 (0.4641

Ethmx, l.l—dkhbm— 76s42 Eth@&rtx dohbddx 1= 2#4 uo7a c
1,1 —okMmxthxrtx

1000 t4a41

Etttxnx, 1,2.dbM0m— 107062 Ethylxrn &hbddx aooo 1.2.4 UO?7 B 100 446.4)
1,2-wO&mhnx

E~ 460106 Cymogxrl 10 4 Po21 B 100 (46.4)

Ethmo, hmrxottloro- 07721 Nxxmltloroxthmm 1= 24 U131 B lm (46.4)

Ethxttx, l.l’-lmxth@xnxMx(ox@ lbb(2- 111911 ais(2—OMmOth l@ mothxnx 1* 24 U024 c 1000 (464
Dkhbmmthoxy attmtx

Ethmx, 1,1 “-otr@lx- 60297 Ethyl ●tha 1* 4 U117 B 100 t4a.4)

Ethmx, 1.1 ‘.oxvbix12-0hbr0- 111444 aix [2-ohhxoul@ cthxr 1= m W28 A 10 t4.a41
OkMOrOxttryl othxr

Ethxnx, pmtxohbro- 76017 Pxntxchbmmkm 1“ 4 U164 A 10 (4.64

Ethmx, 1.1, 1.2-tamohbro 020206 1,1,1 ,2-To~thxrm 1- 4 U206 B 100 (46.4)

Ethmx, 1, 1,2,2-totr-o 70246 1, 1,2,2-Tstrwhloroothxrtx 1* 24 U209 B 100 (46.41

Ethxnxthioxmldx 62666 Th&cxtmtidx 1“ 4 U218 A 10 (4.641

Ethmx, l.1.l-triohbm 71669 Mxth@ chlnmform 1* 2,4 u22a c 1000 [4641
1,1,1 -Trkhkroothxnx

Ethmo, 1.1,2-triOMOm 76006 1, 1,2-TrkMoroathxm 1“ 2.4 U227 B 100 t46.4)
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Ethwtknkkttrbk●cid. N-lllrrwttrvi-amino) 10762776 Mdwmyt 1“ 4 P066 B 100 {46.4)
cocbOrtVllOxV1-,motwl .Qlct

EIhcnol,24xmw 110806 EthvlcnzOIVCOImonooth~ .thcr 1= 4 U360 c 1Oao (4641

Ethcnol,2,24nltr000knholbk- 1116647 N-Nltrounlkthcnokmlnc 1“ 4 U173 x 1 {0.464)

EIhwmnc, l@wnv+ 08962 AcoIoPhononc 1“ 4 w D 6000 1227~

EIhcM, chkre- 76014 Vlnvl Chkfkk 1“ 2,3,4 U043 x 1 (0.464)

Ethcnc,2-Ckroothoxy- 110768 2-Chkro@thylvhvI ●lhu 1“ 2.4 U042 c low 1464)

Ethum, 1,1-rlddwo- 76364 W@dOrm Chkrl& m 1,2,4 U078 B 100 (46.4)
1.1-Dkttkra.zthy+cnc

Ethcm, 1,2-dONOro. 166606 1,2-Dkhkrwth@znz 1“ 2.4 Uo?e c 1000 (46.4)

Ethcrto.t.trcchkm- 127164 Pwchkra@th@wtz 1= 2.4 U21O B 100 {46.4)
l~trachkrdwnz
latrochkrwt~

Ethono,~o- 79010 Trkhkro.th.nc 10DO 1.2.4 u22a B 100 [46.4)
Trkhkmathyknz

Ethkn 663122 10 1 A 10 [4.64)

Etl@ ccdtto 141780 Acatb QCki,●thvicztcr 1“ 4 U112 D 6000122701

EthvIccrylcta 140S06 2-PlOpcnOkWM. Cthyl●*tcr 1“ 4 U113 c 1000 (4641

EO@Lranrorm 1W414 1000 1,2 c 1000 (464)

Ettr@acrbanwtohxdrcrm) 61700 Ccrbcmlcccld,cthvI.ntw 1“ 4 U238 B 100 (46.4)

Ethylcysnkta 107120 Propmmnltfl 1“ 4 Plol A 10 (4.64)

EthykrmlrkdltF&ctimk scld. saltsIII.atcra 111646 Ccrbcmodlthbk ccid. 1,2-*thcrmti@bk, dtm & 1“ 4 U114 D 6000 (2270)
●*t0r8

Ethyl.n.diamkm 107163 1000 1 D 6CO0(2270)

Eth@crrcdlamlrw-lotra~.tk●cid (EDTA) eoun 6000 1 D 6000 (2270)
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7782630

Fburmthcm 206440 Bmxolj,klfburofm 1* 2.4 U120 B 100 (46.41

Fbtxmrc 88737 1“ 2 D 6000 [2270)

Fburkrc 7782414 1* 4 F068 A 10 (4.641

Fbwoscctamidx 6401$7 Ac.tamld., 2-fbcro- !“ 4 F067 B 100 f46.41

Flcumc.tb cold,wdk!m dt 62748 Ac.tic ●clrl,flwarc-,ctmWmsalt 1* 4 Po6a A 10 (4.64

Fcrmaldchvrkc lWO 1,4 U122 B 100 (46.4)

Fcrmb ccid 64186 60D0 1.4 U123 D = [22701

Fulrnlnb●cid, mcrclxy(2+Mt 626664 Mwcurv fuknlmto 1“ 4 P066 A 10 (4.641

Fumcrk SCM 110178 m 1 D 6000 (2270t

Furwr 11OOO9 Furlurnn 1= 4 U124 B 100 [46.4)

Furm. tetrd#o. 109999 T.trshy&cfwan 1* 4 U213 c 1000 [4641

2-FurMocrtrcxddOlr@x 96011 Furtural 1000 1,4 U126 D 6000 (22701

2,wtxmtdclw 106318 M*191Qmhy&id9 6000 1,4 U147 D 6000 (2270)

Flxtllml 98011 2-Furm’tcwbcxdrlchydx 1- 1.4 U126 D 6000 [22701

Furfuran 11OW)9 Furmr 1* 4 U124 B 100 {46.41

Gbccpvwncc., 2+oxv-2-(3-mcthvI-3- 18883S64 D-Qtuwso, 2*xw2-lIlmothvWrwcamtil- 1= 4 U206 x 1 (0.464)
Ilitrcaourcldob OcrbcnyllamlnclStrxptozotcckt

D-GIUCOSO,2*m2-lllmethtirOccamb)- 18863664 Gktcwwmccc, 2dcoxv-2-(3-mothvt-3- 1“ 4 U206 x 1 (0.46)
ccrbOnyllSmlncl- nitrO.Ourddc)-

OtyckJylckhhvdc 765344 0xbamcarb0xv91d9hydc 1“ 4 U126 A 10 (4.641

Quanldien,N-motttyl-N’-nttro-N-nltroco- 70267 MNN~ 1“ 4 U163 A 10 (4.641

t3uthkm 666600 1 1 x 1 (0.464)
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HALOETHERS I WA

HALOMETHANES I WA

Hq)t~chbr I 76448

HEPTACHLORAND META60UTES WA

Hx@xohtor~XktX 1024673

HxxaOhbrOkKxnx 118741

Hxx@liOrobutm 6708~

HEXACHLOROCYCLOHEXANE(d bomxm) 6087s1

~xxnx (gammu Iwtnxr) 6s890

Hxxxohbroxthxltx ! 87721

~~ 70304

1888717

Hxxsothvltowxdtoxdtxto 7676S4

Hy(kdnx 202012

Hy&dnx. 1,2-dbthyL 1616601

Hydmzinx,1,1-dimd)yl- 67147

Hy&9zktX.1,2-r2m9thyk 640788
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XIknm, ldtlOxO- 1“ 4 U160 x 1 (0.4641

1000 1 c 1000 [464

,
o-NnfotohJuto 88722

--- Deem

6-NNfO+tObJwU eo668 6onzwtxmho, 2-m4thv+6itltm- 19 4 U181 0 100 146.4)

~t-t~- 162189 ~twramldo. oct9mdqt- 1“ 4 F036 B 100 [46.4}

Ownlumoxtdo0o04 (T41- 20616120 08mhtmt.troxlda 1* 4 P067 c low (464)

Oamkmttdroxlds 20816120 Osmhmtoxtdm0s04 (14)- 1* 4 P037 c 1000 (464}

7-0xd40vob12.2.l lhaPtxm-2,%dkDrb0xv63 1467S3 Endottull la 4 Was c 1000 (464}
odd

1.2-oxattdOhlU, 2.2-QOXI$S 1120714 1,M40pwm Oultom 1“ 4 U103 A 10 (4.64)

2H-1,%2-OXu@Kellwh 2-~mIn9,N,N-bk{2- 60160 Cvclophoqhmti 1“ 4 Uosa A 10 (4.64)
cRbOOtt@ttOtmh@O-. 2-Oxldx

1
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Oxkane 76218 Eth@crn OXidQ 1“ 4 U116 A 10 (4.64)

Oxh’tw.mbox@dahyda 786344 Glycidybldohv& 1“ 4 U126 A 10 (4.64)

Oxhnq bhbromethyl)- 106898 Epkhkrohv&lrr lWO 1,4 U(W1 B 100 [46.4)

Parsfm’rmtihvd~ 30626064 1000 1 c 1000 {464)

Pwdd0tryd9 123637 1,3,6-Trbxarn, 2,4,6-trlrnothyl- 1’ 4 U182 c 1Ow (464)

Pamthbrr 60382 Phocphorothbb 9CM,0,0-diothvl O-M- 1 1.4 P089 A 10 (4.64)
nkrOptr.nvIl98tcr

P.ntsohbrob.nzcrw 600936 Bwtzorrwpcntdrkrra- 1“ 4 ula3 A 10 {4.64)

P.ntxohkrOOthcrw 76017 [than., pontmchbro- 1“ 4 U1B4 A 10 [4.64)

y

&
P.ntacNoronltrobwtzonxWCNB) 02608 Boruerm,p.ntschkmnltrc+ 1“ 4 U106 a 100 [46.41

u
P.ntsctrlwaph.rrol 07806 Phenol, pantachbrO- 10 1,2,4 U242 A 10 (4.64}

1.3-P0ntd10n9 604aoa 1-MothvilrM@dbrn 1“ 4 Uloe B 100 [46.41

ParchlOrOOthyhrn 127104 Erhcrr., totrachbro-Twtrachbro-●thzrra 1* 2,4 U21O B 100 (46.41
Totrdtbr-twthyhm

Ptr0nxc9tlrt 6242 Acatamlda,N44-attoxvphanvl)- 1* 4 U187 B iOO {46.4)

Ph.nenttuorw 06010 1* 2 D 6000122701

Phenol 100s62 Bwrzarw,hvrhxw low 1,2,4 U188 c 1000 (464)

Phenol.2-chbro- 9S678 O-chbrophcnol 2-ctrlorOpheml 1“ 2,4 U048 B 100 (46.4)

PtrcnOi.4-drbr0-3-methyl- 69607 pChlorO-mesml 1’ 2,4 U039 D 6000 (2270)
4-Chloro-m-cr.ool

Phenol,2qclohxxyi4,6dlnltro- 131096 2-Cyclohaxyl-4,6-dfnltroph.nol 1“ 4 P034 B 100 (46.4)

PhonOl.2,4-dbhlwo- 120832 2,4-Dkhkrot)hcrnl 1“ 2,4 UOB1 B 100 (46.4)

Phortol,2,6-dbhkro 07660 2,6-DkhbrOPhcnd 1“ 4 U062 B 100 {46.4)

Phcn44,4”-11,2-dIothvl-l ,2-dmcdivl)bb-. [E) 66631 Diathvktllhtrol 1“ 4 uoae x 1 (0.4641

m
-0
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Phenol,2,4-dhnothyi- 106679 2.4-o&nOthy~tmtOl 1* 2.4 Ulol 0 100 (45.4

PhOnOl,2.4-dhltr0- 61286 2.4-olnitraphOnol 1000 1,2,4 Fo43 A 10 (4.64)

Ptmnol,methyl- 1310773 Cmoud cJo0y30@Id 1000 1,4 U062 c 1000 (464)

m-cm801 108364 m-Crc@a add

O-crosol 96437 O-cmsylk 9CH

p-crnol 106446 p-GcO@a●cid

,- 2~,4+2nkm— 634621 4,6-olnhlo-o-cYnd ●d Ultm 1* 24 FW7 A 10 [4.64)

PIwI14 2,2’-Mothvkmbk13.4, O—~ 70304 Noxochbrophun 1= 4 ula2 B 1W (46.4I

- 241—m@WbWW4.6-0 86667 Ohoub

s -~

1* 4 mm c 1000 (464)

100027 P-Nltrqhnol 1000 1,2,4 U170 o 100 (46.4
4-Nhmphmol

-~ 67666 F’uu@chhnaphonOl 10 1,2.4 U242 A 1014.64

PtlmOl,2#3.4.6—t0tWhbm— 68302 2,3,4,6-TMmchkIraPhmol 1= 4 U212 A 10 {4.64)

PhsnuL2.4.6-tdcMum- 96964 2.4,6-TrkhbroPhonol 10 1.4 U230 A 10 14.64)

?hond. 2,4,6-tIk$hm. 68M2 2.4,&Trkhbmphmal 10 1,2,4 U2S1 A 10 (4.64

PhOIWL2.4,6-~, ammonhm oak 131748 AmmOrdlJmpkrmo 1“ 4 Foo6 A 10 (4.64)

L-PIw@almtitm.4iblB(2-ohbroothv6 amkmll 146823 Mobn 1= 4 U160 x 1 (0.464)

1.lo41,2-FIW@cnOlpylwm 103396 Indoml1,2,3-odtpyrona 1* 2,4 Ulsl 6 100 146.4)

Phmybnuclxy acotato 02364 Morcwy,locu-tc@)phonyi- 1“ 4 F062 E 100 [46.4)

--~ 103866 7hiouru, phOnyl- 1“ 4 P063 B 1W 146.4)

Pllomts 298022 Pho@omdWob WAILO.O-dbthyl 3- 1“ 4 Po34 A
(othvlthbl.mOth@ootw

10 (4.641

76446 Cubonk &hlorida 6000 1.4 P096 A 10 (4.64)
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Phocphlm 7803612 1“ 4 POW B lm (46.4t

Phmphork ●C)d 7664382 6000 1 D 6000 (2270)

Phoxphork scld.dkthyl 4.nitmphxnyi●Ctor 311466 Dlcthyl-p-niiroptrxnylphoxphato 1“ 4 Po41 B 100 (46.4}

Ptwphork SCM.lxad(2+ ) oatt(2:3) 7U6277 Loadphoxphxta 1“ 4 U146 t

Phc@wtodtthlob ●Cid,O,Odhthyt S42- 298044 Dbuitoton 1 1,4 Po3e x t (0.4641
lcthytthkdcthylloctw

PhacphorodlthbobAd, 0,0-dbthyt 8. 2e8022 PhOmlo 1“ 4 PD94 A 10 (4.641
(@thytthb). m.lhyl ●StW

Phoxphorodithbbadd, 0,0-dldhyt S-methyl 3288682 0,0-Dixthyl S-mothvtdlthbptmphtc 1“ 4 UOS7 D 6000 (22701
●otu

Phoxphordthbb odd. O,Odtmcthyl S- 80616 Ohmthoeta 1“ 4 Po44 A 10 (4.64)
121mathybmkl-2*x~thyll cstw

Phoxptxxofbwbdo●dd, bkl 1.molhvlcthvl)●ctxr 65914 Ouxopropylthlcmphoqi-txto 1- 4 FW3 B 100 (46.4)

Phtrxphorothkrkxcld,0,0.dkthvt 0-14- 66382 Pxr*thbn 1 1,4 P089 A 10 [4.64)
rritrqzhsrrvO●otat

Phwphorothbb ●cJd.0,14-lldJrnothvlxmlno) 62867 Famphw 1“ 4 P097 c 1000 (464)
●Mx-iyllphxnyllO,O-dbnahvl ●stxr

Phoxphorothbk ●dd, 0,0-dlrnathvlO- 20SW0 Mmhvl pxrsthbn 100 1,4 m71 B 100 (46.4)
(4.rdtrOphcrrylIcxIw

Phoxpharothbb ●dd, 0,0-dhthvl O-pvwzlnvl 297Q72 0,0-Dlathyl o-Pwazkr@ Phoxphaothbxta 1“ 4 Po40 B 100 (46.4)
●8txr

PhOxptrorut 7723140 1 1 x 1 (0.464)

PtWpha’us Oxvcbrkix 1M)26S73 6000 1 c 1000 (4641

f%o~phoru.p0nta9ultid0 1314803 PhOcptWtlaSunkk wfw phocphlda 100 t ,4 UIso B 100 [46.41

PtWphaus Xultti 1314803 phosphoruspsntmdfldx SulfurphO*phlda too 1,4 U189 B 100 {46.4)

Phosophoru, trkhbrldc 7710122 6000 1 c 1000 (464)
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r

PHTHALATEESTERS WA 1“

Phthalk●h@da 86449 1,3-hObafUOfUWKtbna 1“

2.PkOuna 109068 Pwidkm.2-mathvi. 1*

P@dha, 1-nltrOaO- 100764 N-Ntrromp@ddha 1“

Pbmbana, totrao!hyl. 78002 TotraoIhylbad 100

POLYCHLORINATEDSIPHENYLSIPCXh) 1330363 10

An&r 1010 12874112 POLYCHLORINATEDBIPHENYLSWCBS)

AIOckll122! 11104282 POLVCHLORINATEDBIPHENYLS(PCSal

Arocbr 1232 11141166 POLYCHLORINATEDBIPHENYLS(PCttd
y

AJoobr 1242
%

r534r)9210 POLYCHLORINATEDBIPUENYLSIPCBCI

Arocbr 1248 12672208 POLYCHLORINATEDBIPNENYLS(PCSa)

&Ocbr 12s4 110s7601 POLYCHLORINATEDBIPHENYLSWtXal

Am&r 1260 110SSS26 POLYCHLORINATEDSIPHENYLSWCS.)

R3LYNUCLEARAROMATIC HYDROCARBONS WA “ 1“

POtaaabrrlarawlata 77s4410 Irma

POtaaa&rrlaraonlto 10124602 lam

PorOO*&mbklvornata 777s60s low

Pots.shtmctromato 778StM6 10DO

Potaaabmcymirla 16160s PotaaabmcyartldcK (CN) 10

Po;aaobmcyarddcKICNI 16160s P0taaah4mcydrla 10

Potaaabm hy&OxMa 13105s3 100D

POta*cbmpurna~nata 7722S47 100

Potaaabm ●ilwr cydda 60S61 S Argan:ata (1-), bla(cvar-m-Cl-, potaa.bm 1“

Ststutory Fhd R(I

R-
Waan

Co&t N- Catqary PotmdaIKsI

2 . .

4 Ulso D 6000 (2270)

4 U191 D 6000 [2270)

4 U170 A 10 (4.64

1,4 Pllo A 10 (4.64}

1,2 x 1 (0.464)

—.

— .-

—

I

2 . .

1 x 1 10.464)

1 x 1 (0.464)

1 A 10 (4.64)

1 A 10 (4.s4)

1,4 Posrl A 10 (4.641

1,4 mes A 10 (4.64)

1 c 1000 (464)

1 s 100 146.4)

4 mss x 1 (0.464)
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1 1

Rorwmldo 23960606 Bcmzamkk,3.6-dkhbro-N-(1. 1-dimathyl-2- 1“ 4 U192 D 6000 (2270)
prOpynyll-

Prqmnxi, 2-rnoth@-2-Orrothylthb)-,O- 116063 Aldknrb 10
l(mothvJcmlrmlccrkonviloxkrro

4 P070 x 1 {0.464)

1-Prcfwtcminc 107100 n-FrOpvlamhc 1“ 4 U104 D 6000 (2270

1-Propcncm)nqNwoPvI- 142647 Dlpropytcmkra 1“ 4 Ullo D 6000 {2270)

1-Fropcnxmkrc,N-nltroxo-N-proPvl- 021647 D1-n-prOpvMtrOccmlrn 1“ 2.4 Ulll A 10 (4.64)

Fropsnq 1,2-diJx-3.chbre- 06128 1,2-Dlbromo-3-ohbropropmtc 1“ 4 uoa6 x 1 (0.4M)

Propwrct2-rritro- 70460 2-Nltropropano 1- 4 U171 A 10 (4.64

y 1,3-ROpmW mdtorm 1120714 1,2-oxathblcnc, 2,2-dbxldx 1“
$’

4 U1U3 A 10 (4.641

PrOpWtO,1.2-dkhJOt* 70076 Pmp@cm dkhbdda 6000 1,2,4 U083 c 1000 1464)
1,2-Okhbrc$rropxru

Pmpcrtdnitrik 10B773 Mabnonitrllx t“ 4 U149 c IWO (4641

Propmtcnkdk 107120 EthylCvllkk t“ 4 Plol A 10 [4.64)

Prqrcndtrlb, 3-chkro- 642767 3-Chic.ropropbnltrik 1“ 4 P027 c 1000 (464)

Propwrdtrlb, 2-hy&exy-2-mothvi- 76006 Actnorn cvarmhv&ln 10 1.4 PWe A 10 (4.MI
2-MothyUcctonttril,

ProPcrw,2,2’-oxvblxl2-chkro- 100601 Okhbrohowopyl ●thu 1“ 2,4 U027 c 1000 [464)

1,2,3-PropmWrbl, trhkrato- 66630 Nltroglvcwina 1“ 4 pool A 10 (4.641

1-PmJMnol,2,3-dfbromo-,phoqrhatc(3:11 126727 Trh{2,3-dtlvamopropylJPhoxphcw 1“ 4 U236 A 10 (4.64)

1-Propllncll,2-methyi- 70831 botrutylakohol 1“ 4 U140 D 6000 (2270)

2-PrOpanOne 67641 Acetone 1“ 4 UO02 D 6000 i2270J

2-Froparmne.1-txOrno- 698312 BrOmOac.term 1“ 4 m17 c 1000 (464J

PrOp@tO 2312368 10 1 A 10 (4.64J

m
m
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f%OtWWlakohol 107107 2-PrOpy* 1-01 1“ 4

2-PmpcMl 107020 Acrrhh 1 1,2,4

2-PropoMmkk 70061 Aorylcmldc 1- 4

l-prqwrn, 1.1,2,3,3,24tcxdtkro- 1888717 Hxxdlkmpropam 1“ 4

1-PmIMno,1,3-dkhtwo- ! 642766 1.3-Dkhkropraponc ! -! 1.2,4

2-Rofnnutitrlk 107131 Acrylonkrik 100 1.2,4

2-l%OPcnwWk, 2-methyl. 12ea87 Mothaotvktritdk 1* 4

2-PrownOk ●cid 70107 Acrvlh ●id 1* 4

2-PropcrlOk●id. ●th’ylntu I 1406S6 Ethyl●crybto I 1- *

2-ROPOMIO●dd, 2-moth@, ●thyl ●mr ! 97632 Ethylmothaoryktc ! 1“ 4
1 - .-

2-RopoMk ●kl, 2-m.th@, m.thvl .*tw 00628 Methyl mothcorybto aooo 1,4

2-PrOpcn-ld 107180 AWVI●kotwl 100 1,4

PropknlcSCM ! 76004 I -1 1
1

FroPbnk SCkt,2-(2,4,6-trkhkraPttwIoxvl- I I93721 81tV~X(2.4,6-WI
II

100 1,4
2.4.6-TP cold

a=P102 c 1000 (464)

PO03 x 1 (0.464]

UO07 D 6000 (22701

U243 c 100D [464)

U064 B 1Do(46.4)

Ulle c 1000 t464}

U162 c lMIO (464)

Poo6 a Im t46.4)

D 6000 (2270J

U233 8 lal (46.4}

mpionio mh@’ldc 123e2a 6000 1 D 6000 (22701

*t%op@mlrta 107108 1-Fropcncmhc 1= 4 U124 D 6000 (2270)

Plopylctmdkhkrldc 78876 Fropam, 1,2-di0hkWo- 600D 1,2,4 U083 c 1000 (464)
1,2-Dkhkqxapcnc

PropylcmOxide 76609 6000 1 B 100 (46.4)

1.2-Prop@crtlmitlc 76668 Arlrwnc, 2-mctltyl. 1“ 4 P067 x t (0.464)

2-Pmpyn.l -al 107107 Propergyl●lcohol 1“ 4 P102 c 1000 (464)

PvW-m 129W 1“ 2 D 6000 (22701



ststutorv Fhsl R(I

R-
w-m

Hazardous Substsrtce CASRN Rogulstorv Synonyms no -t N- -m PmundxIKoJ
I \

PyWrxlns 121290 1000 1 x 1 (0.464)

121211

0003347

3,t3-P@ddncctbnx, 1,2dlhvck0- 123331 Mmbk hy&ddx 1“ 4 U14S D S000 122701

4-P@dlnxmhx 604246 4-Amlnopyrkbx 1“ 4 POW c 1000 [4s4)

1Iosel 1“ 4 Uloe c 1000 (464)

FvTldn., 2-mathyl- 10s068 2-PkOtklx 1“ 4 Ulel D 6000 (2270)

e. 3-(1-rrWth@2-pvl’10sdW)-, (s) 64116 Nkdnx. & XXIIS 1* 4 F076 B tOO[46.4)

y 2,4-( lti,3Hl—PwhnWwSonx.6-lt4x 68761 (h~Cflrnuctxrd 1’ 4 U237 A 10 (4.641

& 12-chbroathyOomkrd-
a

4(1H).Pyrlmidlnonq2,3-dhy&o@maIhvl- 66042 M@thvlthkudl 1* 4 U164 A 10 14.s4)
2-thbx0-

PyWosdhx, 1-nltrOco- 030662 N-NltromPvwoDdlrm 1“ 4 Ulso x 1 (0.464)

auhOtInx 01226 lcmo 1 0 6000 (22701

RADIONUCUDES NIA 1* 3 3

RosaPhx 60666 Yohlmbaml6-cxrlwx@k X4 11,17-dlmxthoxy- 1’ 4 U200 D 6000 (22701
18-1(3,4,6-trhnothox@onzt@oxy-, mxtlrylcxtcr
(3b0ts, 16b9t@,17@lx, labxtm 2ox*l-

Rooorclncd 10MO3 1,3-BOruOrNdbl 1000 1,4 U201 o 6000122701

Sacchxrh ●nd cdta S1072 1,2.BomhotMzOl-3(2H}arn, 1,1-dbaxidc 1“ 4 U202 B 100 (46.4)

Safr019 94697 1.3-Banzodbxolx,6-12-pmponyO- 1“ 4 U203 B 100 {46.4)

Sabnbw ●cld 7783006 1“ 4 U2D4 A 10 (4.641

Sobnbu- ●cid, dltlul&m II + ) calt 12039620 Thcllium ●abnlta 1“ 4 P114 c 1000 (464)

Sohnhm t t 7782492 1“ 2 B 100 (46.4)
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SELENIUMANO COMPOUNDS WA 1“ 2 . .

S.lcnbm dbxida 7446064 Sdcnlum oxldx 1000 1,4 U2W A 10 (4.s4}

Wmbm oxld. 74460s4 S*lOnbmdbxldx 1000 1,4 U204 A 1014.s4)

SOixnbmwHW 7488664 Salxnkm xuitidxSaS2 1“ 4 U20S A 10 (4.s4}

S*lxnbm cultldOS*S2 748ss64 SOlxnbmxultldx 1“ 4 U20S A 10 {4.64)

solmOtJroa 030104 1“ 4 P103 c 1000 (4s4)

L-Subm. dixzoacotsto(OSIWI 116020 Azaswhm 1“ 4 U016 x 1 (0.4s4

Sllwrt t 7440214 1“ 2 c 1000 (464)

SILVERAND COMPOUNDS WA 1“ 2 . .

Snvu cy,nmx 606640 Slb,r cymlrk Ag(CNl 1“ 4 P104 x 1 (0.4s4)

SUUUcyoti Ag [CNI 60s640 Sikw Cyanhja 1“ 4 P104 x 1 (0.4s4)

Slbu IdLmto 77s1sss 1 1 x 1 (0.4s4)

8~0X (2,4.6-WI S3721 Fhpbnk xcld,2-(2,4,6-trkhbroplwnoxy). lm 1,4 U233 B 100 (45.4)
2.4,6-W odd

7U0236 1000 1 A 10 [4.s4)

Sodiumxrx.nxtc 7631802 1000 1 x 1 (0.4s4)

6odbm xmmko 7764466 1000 1 x 1 (0.4s4)

SOdhml●zld, 2602822s 1“ 4 P106 c 1000 (4s4}

-m Mctuomato 1068S010 1000 1 A 10 (4.s4)

SodiumMthmdda 1333s31 6000 1 B 100 {46.4)

%dkm ktxuttlto 7631906 6000 1 D S000 (22701

Sodbm ctromat. 7776113 1000 1 A 10 14.64)

%dbm cvwtida 143339 Sod&m CVddx No(CN) 10 1,4 P106 A 10 14.64)
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Sod&m cyanideNc (CN) 143330 Sodiumcywrkfx 10 1,4 Plos A 10 (4.64)

Sodum dod.cylbxnzmwdformto 2S166300 1000 t c 10W (464)

Sodiumflwrlda 76814s4 5000 ! c 1000 14s4)

Sodiumhy&omMldx 16721806 moo 1 D 6000 (21701

Sodhrmhydroxidx 1310732 1000 1 c 1000 [4s4)

Sodiumhypoohkrho 7681629 100 1 a 100 {46.4)

10022706

Sodiummcthyfato 12U14 lm 1 c 1000 {464)

SOdbm rrkrltc 7S32000 100 1 B 100 {46.41

Sodiumphoaphato,dibxclo 766S7S4 6000 1 D S0001227~

1m3e324

10140s66

S* @ro@wto, trfbzck 7s01s4s 6- 1 D S000 122701

77682S4

7786S44

10101ss0

1012466S

103s1ss4

SodWm.clxnlto 1010218s 1000 1 B WO (46.41

77S2823

Strxplozotocln 188s36s4 D-GIUCOSO,2-dooxv-2-ll(mathvlnkrocoamkrol- 1“ 4 U20S x 1 (0.4s41
cwbonyllamlnOl-
Glucopvrmoco,2-daoxv-2-(3-m*th@3-
nltroxwroldo)-
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1

StrOntlumcluomat. 778S062 lm 1 A 10 {4.64}

Stqchnldin-1O-em 67249 Strychnlno,& Utra 10 1.4 P108 A 10 14.64)

Str@nMn-1 O-OIW,2,3-c%mottwxy- 367673 sruch19 1“ 4 P018 B 100 (46.41

Stryohnhm,& salts 6724S smctlnldimlD-orN 10 t.4 Plos A 10 [4.64)

s~un 100426 low 1 c lm (464)

Suslu mWWhWdO 127710S3 1000 1 c 1000 1464}

Suuurphwphkk 1314s03 PhOqhrW puttnusldm 100 1.4 Ulss B 100 (4s.4)
PhocphOtrMNlitlds

Sulhxtcadd 7ss493s 1000 1 c 1000 {464)

S014S67

SusWlc ●dd. dittN3hIm[1+) ad 7US1 Ss Th9tim (1)wltato 1000 1,4 Plls B 1~ 146.4)

100316s1

&tlhAc OOJd,dlmothylOMor 777s1 DbnothylU4rata 1* 4 Ulos B 100 14s.4)

2,4.&T add 037ss AcotiaSO14{2.4,&~ 100 1.4 U232 c 1000 (4641
2,4.6-T

Z4.S-T utthn 200s4s0 100 1 D ~ (22701

131S72S

S813147

S3SSSSS

S3SS977

2.4,6-T wtus S37SS 100 1 c 1000 (4641

1e2S47S

2646607
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CASRN Regulatory Synonyms no Co&t Mm&r C@tO~ ●am& IKs)
\

26168164

61702072

2,4,6-T ●lto 13660991 100 1 c lDOO(4641

2,4.6.1 03766 Ac,tk ●cid, (2,4,6-trkhkmphonoxyl 100 1,4 U232 c lDOO (464)
2,4.6-T dd

TDE 7264 Banzmw, 1,1 ‘-(2.2 -dkhkrwthy3dena) tM4- 1 1,2,4 Uoeo x 1 (0.4641
chkro-DDD 4,4’ DOD

l,2,4,S-T.tr@chkuob.ru.rm S634S Benz*M, 1,2,4,6-tW9chkr0- 1“ 4 U207 D 6000 (2270)

2,3,7,8 .Tatrwhbmdbcnto+-dbxln ITCDD) 174801e 1“ 2 x 1 [0.464)

1,1,1.2-TOtrachJIxOOthBm 630206 Ethcrw 1,1,1,2-tatrachkrwy 1“ 4 U208 e 100 (46.41

Ut
w

1,1.2,2-T.trAikroatham 70=6 Ethcnc,1,1,2,2-!atrschbra- 1= 2,4 U209 B lm 146.41

T.trschbrtithorm 127164 Ethmc. tetrechkrO- 1“ 2,4 U21O B 100 (46.4)
Pwchbmathytwm
T,tr#chbmthykna

TotrwMarwth@crw 127164 Ett-ww,t~trachkro. 1“ 2.4 U21O B 100 {46.4)
Psrchlofo.thykrn Totrmchkrwttwna

2,3,4,6-TotmchbcoPtwnol 68902 Phenol,2,3,4,0-tctracM0ro- 1“ 4 U212 A 10 (4.64)

Tctr~dtyi had 78002 Pkmtmn., tmraathyl- 100 t,4 Pllo A 10 f4.64)

T.trmcttr@p~O@OC@WO 107493 Dlphcmphork●cid, tatrawhyl-tot lW 1,4 Pill A 10 [4.64)

T.traethyldMrkrp~ophocpbt~ 3689246 Thkdbhmphwk ~Cki,tetmcthyl●stw 1“ 4 Ploe B 100 (46.41

Tctrahy&ofuran 109999 Furm, t*trshy&o- 1“ 4 U213 c 1000 (464)

T*trdtrOmethcrm 609148 Mcxhern,totrmitrO- 1“ 4 P112 A 10 [4.64)

T.traptrcmphmk●cid, hcxo.thyl.stu 767664 H@xe.th@ Iotraphmphmtm 1“ 4 PD62 B 100 (46.4)

Thcltlc OXtiO 1314326 Th.41bmoxkb T1203 1“ 4 P113 B 100 (46.4)

Thclliumtt 7440200 1“ 2 c 1000 (464}



Thxllhcm (1}●cotma ! 603138t3 Acclk OCM,thdlhcm{1 + ) salt I 1“ I 4 U214 B ! JOO(46.4)
r n

Thdhcm III carbonxto 863373@ CxrbOnlc ●dd, dlthdium ( 1 + ) ●*II 1“ 4 U216 0 100 (46.4)

Thxltbm O) chbrkh 7701120 Thxltium chbrlm TICI 1“ 4 U216 8 1L.t (46.4)
I ..—

ThaBbm chbrldx TICI I 7791120 I Thxllium (11chbddx I 1“1 41 U216 ill 1 lWI [46.41

ThxWm (11rrltrata 10102461 Nltrk ●cid, IhxtWm (1 + I ●it 1“ 4 U217 B 100 (46.41

Thdhrm oxidx T1203

,—

1314325 Tlutlk Oxkk 1“ 4 P113 B 100 (~6.4)

Thxllbm .at.nltc 12039520 BOlxnbuoSCIII,dlthdbm [1 +) xxk 1“ 4 P114 c 1000 [464)

Thxltium(1)WW*IO 7448168 Bulfurkd$, dithxlUum(1+) x@lt 10CO 1,4 P116 B 100 (46.4)

I ! 10031691 I I I I 1 I

Thbxc.lamkk I 62666 Ethxnx!hb~mldx I 1“ 4 u21a A ! 10 14.M)
1 1 1 1

Thbd@hoxptwdb SCld,mtrt.fhyl xxtxr I 368924S Tctrn.thytdkhbpywphoxphxta I 1“ 4 I P103 IB 1 100 {46.4)
I I I [

ThbfmcJx 3919t31M 2-Butancmx,3,3-dhn.thyl-14moth@ttrbl-. 1“ 4 P046 B 100 (46.41
Olim~thykmirm)carbonylloxlrnx

ThblmMdbdwnk dhmldx I(H2NIC(SII2NH 641637 Olthbtrbrot 1“ 4 Po40 B 100 (46.4)
#

ThbmOthxnOl

!

74931 Mathanxthbl

!

im B

!

100 (46.4}
Mathyknxrcaptwr

1 I I I
ThbpcroIwdbxrbcmkdlxmkk I(H2NIC(S)I2S2. 137208 Thhm 1“
t.trom-thw

4 U2U A 10 (4.641

Thk@xnol 1080.56 Bmmn,thbl 1“ 4 m14 B 100 (46.4)

Thbmmkorkxzidx 79196 H@mlnecubothbamkio 1“ 4 Pile B lIM (46.4)

ThkurM 62686 1“ 4 u2\9 A 10 14.64)

Thkw.o, (2-chbraph..vlL 6344821 1-(o-Chbroplwt@lthbtrroa 1“ 4 m2a B 100 (46.4)

m
w
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1

Thlourco, 1-naphthalen@- 888S4 ●~ha.Nophthyithburoa 1“ 4 P072 B 100 (46.4)
—

Thbwe& ph.nyl- 10386s $%anylthlourea 1“ 4 P093 B 100 [46.4)

Thkam 137268 Thbparoxydkwborrk dbmkk 1“ 4 U2U A 10 (4.641

I(H2N)C(SII2S2, tWamcthyt-

Tobono 108863 Bcmzerw,~mthyl- 1000 1,2,4 U220 c 100014641

Toluensdhmlna r36807 Bwtzwmdbmln.,ar-mclhyl- 1“ 4 U221 A 10 (4.64)

496720

823406

26376468

Tohmnsdlkocyorutc 5s4s49 Bwrz@rw,1,3-dS80cy8rutom.thyl- 1“ 4 U223 B 100 (46.4)

91087

26471025

o-Tokktlns 96634 Banzonamhrs,2-mothyl- 1“ 4 U328 B 100 (46.4)

pTohtldins 1064s0 BanzOnOmins,4-ntsthyl. 1“ 4 U36S 8 1W (46.4)

o-Tobldina h@oohbdrk 636216 BOnzOnsmlns.2-methyl-,~oohbdds 1* 4 U222 8 100 (46.41

Toxqdwts 8001362 Camphsns,OotsottbfO- 1* 1.2.4 P123 x 1 (0.464)

2,4.6-TP ●Cid 93721 Fwpbnk 8Cid2-[2,4,6-ttiohbroPhsnoxvl- 100 1,4 U233 B 100 (46.4}
6WWX(2,4,6-TPl

2,4,6-TP sstsrs 32634966 100 1 B 100 146.4)

1H-1,2,4-Trlazol-3-amhs 61826 Amltroh 1* 4 Uol 1 A 10 (4.64)

Trkhkrfon 62686 10CO 1 B 100 (46.41

1,2,4-Trkhbrdmrrzens 120s21 1“ 2 B 100 (46.4)

1,1.1-Trkhbro.tharn 71660 Ethwm,1,1,1-trkhbro- 1“ 2,4 U226 c 1000 (464)
Methyl chloroform
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1,1,2-TrkhkrOOthOnc 79006 E:hane, 1,1,2-trkhkr0- 1* 2.4 U227 8 100 146.4)

Trkhbroothorro 7s016 Ethww,Irkhkro. 1000 1,2.4 U228 B 1(’0 146.4)
Trkhloroath@anz

Trkhkroah@ma 79016 Etfmna, trkhkro. lDOD 1,2.4 U228 B lUt (46.41
Trkhtoroathana

Trkhbrom.tfunadf.nyl chkrkk 604423 Motharwwtbnyl OhbfkjO,trkftfOrO- 1* 4 P118 B 100 146.4)

Trkhkrornonofbwomothmw 76664 Motlwno,trfofdorofhmro- 1“ 4 U121 D 6000 {2270f

TrkhkrqAranol 26167822 10 1 A 10 (4.64

2.3,4-T~~ 16060660

2.%6-T~ 933788

2.W-T~~ 933766

2,4,6-TrfohbroPhancd 06964 Ph8nol,2,4,6-trkhbro- 10” 1,4 U220 A 10 (4.64

2,4,6-TrkhkroPhanol S8062 Ptwnol,2,4,e-trkNor* 10” 1.2.4 U231 A 10 14.64)

9.4.~T~~ 609198

Z4.6-T~~ 96964 Ptwrml,2,4,6-trkhbro- 10” 1,4 U230 A 10 (4.64)

2,4,6-TrkNnroFhanol a8062 Pfmnol,2,4,Wrkhbro- 10 1.2,4 U231 A 10 (4.64

Trlathanolamhwdda@bMz ●rmuffomtm 27323417 Im 1 c 1000 (464)

Trbtfrykrnkta 121448 60W 1 D 6- [2270f

Trlmothybmkw 76603 1000 1 B 100 (46.4)

1,3,6-TrWtroimnzom 09364 Bcmzam,1,3,6-trMtro- 1“ 4 U234 A 10 (4.641

1,3,6-Trbxam, 2,4,0-trlnwth@ 123637 Pw9tdehyda 1“ 4 U182 c Itmo (4641

T~12.3~ --IO 126727 l-pr.qwnol. 2,3.Ubrorno-,Pfmptrato[(91) 1“ 4 U236 A 10 14.64)
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lryp~n bkc 72571 2,7-N8phrhdmmdkuitonkncld, 3,Y-3,3’- 1“ 4 U236 A 10 (4.641
dtnwthyl-11,1‘ ~bnyO-4,4’-m0-ti(oz0llti(6-
●mti-4-hy&oxyl-tctrasdkm salt

Untktcd Hazardous Wootca Ctwsct.rktk of NIA 1“ 4 0002 B 100 (46.41
Corrodvhy

Unlktcd Hazardous WaaI@a Chuact.rktkc: WA ,J 4
Cluractwk!k cdToxklty:

Amonk 100041 NIA “1 4 Dt704 x 1 (o.464t

Barbm (0006) NIA “1 4 DO06 c 1000 {4641

Lrorumw[00181 NIA 1000 1,2,3,4 0018 A 10 (4.64)

Cdrnhm (0006) NIA “1 4 Dob6 A 10 [4.64)

Carbontatrcchkrti (DOl 0) NIA Booo 1,2,4 0018 A 10 (4.64)

Chkwdcm (D0201 NIA 1 1,2,4 0020 x 1 [0.4641

Ctrkrobw-lzom(0021) NIA 100 1,2,4 0021 B 100 [46.4)

Chkrofwm {0022) NIA Kooo 1,2,4 0022 A 10 (4.64)

Ctmombm(~71 NIA “1 4 0007 A 10 (4.641

o-CrOOol[0023) NIA 1000 1,4 0023 c 100D 1464)

m-~o-ol (0024) NIA 10DO 1.4 0024 c 1000[4641

P-~.*01 10025) NIA lW 1,4 0025 c 1000 (4641

Croool(00261 NIA 1000 1.4 0026 c 1000 (464)

2,4-0 (001 61 NIA lm 1,4 Dole B lCQ {46.4)

1.4.Dkhkroboruww (0027) NIA 100 1,2,4 0027 B 100 (46.41

1.2-Dkhkwo@wno (0028) NIA 6fJO0 1,2,4 D0211 B 100 (46.4)

1.1-Dktrkrwth@wm (0029) NIA 6000 1,2.4 0020 e 100 (46.41
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Regulatoq Synonyms Ra tit ~ ox8D~ PclxldxU@)
1

2,4-Dlnhrotobmx (0030) WA 1000 1,2,4 0020 A 10 (4.64)

EI-I&kI(0012) MIA t 1,4 0012 x 1 (0.464}

HxpIdlkI# (and XparkiOl (0031) WA 1 1.2,4 0031 x 1 (0.464)

tkXOChbtOtNWOm[0032) MIA ●1 2.4 0032 A 10 (4.64)

H9xacht0r0buld10nx (0033) WA “1 2.4 0033 x 1 {0.464)

N@xd)kJKlxthxrlx(0034) WA “t 2.4 0024 B 100[46.4)

Lxxd[0008) MIA ●1 4 -
t

[#}

Lhdxnx lDo131 WA 1 1,4 0013 x 1 (0.464)

MNCUV DOD91 NIA “1 4 Dooe x 1 (0.464}

M.thoxychtw {0014) MIA 1 1,4 0014 x 1 (0.464)

Mothyi●II!YIkotonx(0035) MIA “1 4 0036 D 6000 [22701

Nltrobwu.rn (0030) N/A lWO 1,2,4 0030 c tDDo1464)

F%rrtachloraptmnd (0037) MIA 10 1.2.4 0037 A to (4.641

P@dlnx mom WA “1 4 0038 c 1000 [464)

~m (DO1OI MIA “1 4 0010 A 10 {4.64)

Sllvu (0011) WA “1 4 0011 x 1 (0.464)

Tetxrachbroxttrylxnx[00391 MIA “1 2,4 0030 B 100(46.41

Toxxphxnx (00161 MIA 1 t ,4 0016 x 1 (0.464)
r

I TrkhlwoxIhvIxnx K)D40) ! MIA I lDOO 1,2,4 0040 B I 10D (46.4)
,

2,4,6-Trkh&rr@mnd KrD41) MIA 10 1,4 0041 A 10 (4.641

2,4,6-TrkhbraPtwd (0042) MIA 10 1,2,4 0042 A 10 (4.64)

2,4,6-TP (DOl 7) MIA 100 1,4 0017 B 100 (46.4}

WrlylChlwkk (0043) MIA “1 2,3,4 0043 x 1 (0.464)

L
0)
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CASRN Regulatory Synonyms RO Co&tHazsrdous Substmce

Unlbtsd HazardoucWactocChwact.rhtk of
Itrnltstzility

WA
II

1“ 4 Dool p I 100,46.4,

DO03 B 100 [46.4)WA
I

1“ 4Unllxt.d t’kzxrdw. Wad@S Chemctwhtb of
Rmct!vitv

’237 IA I 10 [4.64)Uracil mtmtxrd 66761 2,4-( 1H,3H1-Fyrimldkmdkrm,6-(bic(2- 1“ 4
chbroothyOsmirrol-

6411003 6rxro 1 Ill 1 100 (45.4}

B ! 100 [46.4}Umrwl nitmtc 10102064 I t 60001 1

EEl=
36478769 I II

Umw N-dryFN-nitroxo- 769730 N-Nitroco-N-othyhxoa ! 1“ 4
# 1

Uros,N-m.thyPN-nitroso 664936 N-Nitrooo-N-m~thykrxa 1* 4

7803668 Ammmtlumvanmbtm 1“ 4Vmxdb ●cid. ●mmonkm dr Pile IC I 1000 (4641

P120 c ! 1000 {464)Vmwdbm oxldxV206 1314021 I Vwtad~m ~ntoxidx 1 10001 1.4

Vmtxdhtmpontoxldc P120 c I 1000 1464)
1

1314621 I VanadiumoxidxV206 I 1000 ] 1,4
, n

Vmxdyixultalo 27774136 I 1000 1

76014 Ethwzx,chbro- 1= 2,$4

108064 vinyl acatatsmonomer lW 1

108064 vinyl acotato 1000 1

4640400 N-Nitrocom.thykhylamh 1“ 4

76364 Etherm,1,1-dbhbrO- 6000 1.2,4
1,1-Dkhbrocthylxrtc

81812 2H.1-Bmzopyrwz-2.onx,4-hy&oxy-3-(3-exO-1- 1“ 4
phanyl-butyt).,& calm,whenPraccnt●t

Vlrwl●cctatomonomxr ID I 6000 (22701

Vinvbmirw. N-mathvl-N-nitro~o- m64 1A I 10 14.64)

Vlnylidmx Chkrida uo7a I B I 100 (46.4)

Wwfdn, & ●fr., whxnpr...nt at
cwtcw-ttratbmwoctxrthxn0.3%

ml II8 100 (46.41

concantmtbm wamterthen0.3% I I

U23@ c I 1000 [4MIX@xm (mirmdl 1330207 Bmzwm, dimsthyl I 10DO 1.4
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flegulato~ Synonyms RQ Co&t Numbu c9rq0ry Pmm& IKoI

m-Bmzww, dinmhyl 108383 m-X@w-t9

o-Benz.n., dimothyf 8s478 O-xybrm

p-Banzon., dlmathyl 106423 pxylww

Xyfmlol 1300716 low 1 c 1000 (4s4)

YOhhtlun-16-cxrbOx@c ●cid, 11.17Um.th0xy- S0666 R98UPIM 1“ 4 U200 D S000 (22701
18-[[3,4,6-tti.tkxybWoyOoXVl-, mdWf
●stxr(31mt*,1ebxta,17a*, 1alutw2fM*)-

Zfnott 7440666 1“ 2 ‘c lDW (4s4}

“ZINCAND COMPOUNDS WA 1“ 2 . .

Zho Xootsto 667240 1000 1 c 1000 (4s4)

Zho ●wtmnbm OhfOrkk 62s2s2ss sooo 1 c 1000 [4S41

1463SS76

14639SS6

Zfrrobtlmto 1332076 10DO 1 c 1000 (4s4)

ZfnoLwmida 766946S 600D 1 c 1000 [4s4)

Zha Oubofuto 34SS36S 1000 1 c lWO (464}

Zinochbrid9 7646S67 sooo 1 c 1000 14s4)

Zho Oymida 667211 Zlnocyddc Zn1CN)2 10 1,4 P121 A 10 (4.s41

ZkmcyanldsZn(CN)2 667211 zinc Cywllda 10 1,4 P121 A 10 (4.64)

zinc fhmrida 77S3406 1000 1 c 1000 (464)

ZlnoIarrnato 667416 1000 1 c 1000 (4641

Zlnatrylhowfflto 777ss64 ltxro 1 c 1000 (4s4)

Zincnitmto 7770sss 60W 1 c 1000 (464)



Stdutory Fhal R()

RCM
Wxxtx

Hazardous Substanc@ CASRN Regulatory Synonynu Ra Co&t N- Cxtxgwy PamdxIKo)

m.Bmnzwm,dlmolhyl 108383 m.Xyl*nx

0-Benzwm,dlmcth.fl 06478 O.xylmx

p.Bwtzmx, dkrwthyl 106423 p.xylxnx

Xyloml 1300716 Im 1 c 1000 (464)

Yohlmbxn-16-cwboxylk SCM,11,17.dlm@thoxy. 60666 RCCXWIM 1“ 4 U200 D 60CXI122701
18.113.4,6-ttiolkx~moyl)oxy l., m.thyl
●NW 13bta,16hta,17c~,18 htc.2@bti).

Zlmtt 7440666 1“ 2 c lam {4641

ZINCANO COMPOUND8 WA 1“ 2 . .

y zinc ●cetate 667346 1000 1 c 1000 (464)

m
Zlna●mmonbm ch&tMx 62028258 6000 1 c 1000 (464)

14039076

14630986

Zhlatmrato 1332076 lant 1 c lW (464)

Ziru bomidx 7S08468 6000 t c lWO [464)

Zhc cwbOnOt* 3486369 1000 1 c low (464)

Zkwchbdch 7346867 6000 1 c 1000 (464)

Zinccyanide 667211 ZincCv~lddXZn(CN)2 10 1,4 P121 A 10 (4.64)

Zinccywdd. Zn(CN)2 667211 ZlrlcCyanidx 10 1,4 P121 A 1014.M)

ZincIhlwidx 7783406 Iwo 1 c 1000 (464)

Zinclwm~ta 667416 1000 1 c 1000 (464)

Zinch@om_dfltc 7770664 1000 1 c 1000 1464)

Zincnitrata 7779886 6tw0 1 c 1000 [464)



Hazardous Substmce CASRN Regulatory Synonyms
1

Zincphcnoauffonam 127822

Zlrw pfwcphldc 1314647 Zincphoophkk Zn3P2, when proamt ●t
concontmtbnc woat.r then 10%

ZlnOphocphidcZn3P2, when proaont ●t 1314647 Zirw phoaphida
co~cntrs!brw woatcr than 10%

,
Zlm dlkofhmddc 16871710

ZlrlcWwato 7733020

Zhcmnkmnftmto 13740800

Zkconhrm potaakm fhmrlda I 16023068

Zkconbm dfoto 14644612

Zbaonkm t.trechbddc 100261 la

F~l

h Ioaowlrlg,pOnt hafogcrlctedSohult* Uccd
h ~oao~: ●n cpontdvont mktwedblcndc
u~.d In dOWaackqcontdnktg,b.fOr* u.*, ●

Iotafof ton pucorrt or n-two1~ vobmo) of orm
w rnwoof tfw ●fmv. habgmct.d sofvcntaw
Ihoc. ●ofv.nt. Ikmd h FO02, FO04,●d FO06;
●nd ctlI botmrrwfrom tha racovwyof thcso
.p.rrt ●olventm●d W*nt sdvwtf mlxturcc.

{s) Tatr@chbrmthyfwm 127164

(b) Trkhbrocthyfwm 79016

[C) Mothylonc chlwldc ! 76092

(d) 1,1,1 -Trkhbroctfunc 71666

(*I CcrbOn t.trcchlwidc 66236

lfl ch~~tod fborocarbc.rm WA

FO02

Statutt

RQ Ccdcf

*

60W 1

1000 1,4

1000 1,4

1

1000 1

1

Y
1

—
6000 1

.-

1“ 4

1“

lfxn)

1*

f“

6000

hmbcr

Pf22

P122

——

FOO1

2.4 i U21O

1.2.4 I U228

2,4 t U080

*

2,4 U226

1.2,4 U2f 1

2.4 I FO02

Fhal RCI
I

*

Cmcgary ●oundo~)

D 6000 (2270)

B 100 (46.4)

B I 100 [46.41

3=
Q ~ (22701

c 1000 (464)

D 6000 (22701

c 1000(4641

+

D 6000122701

D 6000 (22701

A 10 (4.64)

44B 100 (46.4]

aB 100 (46.4)

c 1000 (464)

c 1000 (464}

A 1014.641

2 6000 {2270}

A 10 (4.64)
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k fotbwhg spenthabgwwtedcotv.ntwall
Ipent ●olvmntmtxtwwlblends contahlng, lmforo
JW, ● told of tonp.rccnt or mom Ibv vohmwl
]f ona w moro of tfw cbovo Iwlogwrat.d
Iofvonts or tfvma colwntc Ihtod kr FO02,FO04,
md FO06; cnd W bottorrm front tha woovuy
~f thwc -t dvwrt~ ●nd spent ●olv.nt
mlxturam

la)Tctmchobrwthyhm 127164 1“ 4 U21O B 100 (46.4)

Ibl Md@onz ohbridc 76092 1“ 2,4 Uo60 c 1000 [464)

[C)Trkhkwotf@onz 7mle lm f.2.4 U228 B 10D (46.41

[d) 1.1 ,1-lrbhbrootlurw 71656 1* 2.4 U226 c 1000 (464)

10)Chlorobonzom 106907 100 1,2,4 U037 B too {46.41

If) 1,1.2-TfkhkNel ,2.2.trIfkMrOafuno 7e131 D ~ (22701

[g) O-olwhaobonwm 96601 100 1.2,4 U070 s 100 (46.4)

(I’IITrkhbrofboromothmz 76694 1“ 4 U121 D 6000 (2270)

[0 1.1,2-Trfohbfwthtw 7@xr6 1* 2,4 U227 B 100 (46.4)

FO03 1= 4 FO03 m 100 (46.4)

Tftafol!owklgCfwrttnort-fubtwmtod Wfvwttc
●nd tho ●tillbottotmfrom h rwov- of tfraca
9olvwttw

(al Xylem 1330207 c 1000 [464)

(b) Acotom 67641 D 6000 (2270)

(o) Ethylmwtae 141706 D 6000 (2270)

(cOEthyfbsnwm 100414 c 1000 [464)

Io) Ethyldtor 60297 B 100 146.4)

{f) Math@ hObUt@kotorra I 108101 I I I I ID I 6000 (2270)
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(uI n-ftutyl●kohol 713s3 D 6000122701

IN CvOkbxxanom lo8s4t D 6000 [22701

(0 Mothxnd 07661 D 6000 (22701

FO04 1* 4 F- c Iwo (464)

Thx fOBOwktgxpxntnon+ulogonxt.d .oiv.nta
●nd tkx xtlllbottomsfromtkxrooovq of tbs.
mlwnts:

(SJcrxxOk/m acid 131s773 1000 1,4 U062 c 1000 (464

lbl NkmkonxxlN 00963 1000 1,2,4 U16D c 1000 [4641

FO06 1* 4 FO06 B 100 (46.4)

m MOwh x ~t~ -**t*
●nd thx Xta bottonn ffonl Iha COoOvxryd thxxo
xok9mw

(s) Tokmm 108883 1000 1.24 U220 c 1000 [4641

(bl Mothvlethylkotono 78933 1* , 4 U169 D 6000 (22701

(0) CubOfl dlDulfMO 76160 6000 1,4 F022 B 100 ~46.4)

I* Ixobltxnd 7a831 1= 4 U140 D 6000 [22701

(0) Fvtldkm 1W361 1* 4 Ulw c 1000 {464}

FoM 1* 4 F- A 1014.64



Stmttttq Final RQ
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w99t@

Huwdotts Substaue CASRN Rogulotory synonym Ra OOdOt ~ -m POrm&IKgl

Wamowmw troalmont●hIdIJOOIrom
doctropiating ~dorw ●xcqrt from tlw
fokmdng prmso,: {1) Wwurb wld wtmsz~
Bt●bmhum, (2I th plathg orrowbwtstool, {3)
KhOpbtlrrg (mogatod hold on cQtbOrr●tA#
[4} ●bmhum w zhc-abrnkwm pkthg on
Caborl ●teat, [6) churhg/et* noooiolul
with th, ZIM ●rd ●bnrrhum pbt~ on oubow
Bled, ●ni (6) ohomlcal ●tchkq and m- of
●bmkwm.

FCQ7 1“ 4 F~7 A 10 (4.641

SPOIMOYS- @stho bath wbtbrw from
●hotropbtlrtg Opcmlbtw.

FO08 1“ 4 FWO A 10 (4.64)

FM* bth moldma tmm tha bottom of pktlrrg
battw hum abatmpbtlrql Opamtbm wham
CY~ am und h tltc procoaa.

FOOO 1“ 4 FOOB A 10 14.64)

EPWWotm and olwtkrg bath tit- from
●bc4rtrpMirrg opamtbtw Wharo cyuriltDO Uo
ucod h tlwpmoow.

FO1O 1“ 4 FO1O A 10 (4.s41

OtmmhhWbathrnlrhma Irom oilLmttrafrom
rrwtslIwottrnthg opustbrm Whuo Cymtldm
W* tmodh thoWOOO08.

FO11 1“ 4 FO11 A 10 (4.64)

SPQntoyanidowkrtbrr from A bathpot
Clwllng from rtwtaltit tmatlrlgopwstbrw.

F012 1’ 4 F012 A 1014.641
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Hazardous Substmco CASRN Rogulototy Synonyms M C@dxt z CxOwclv ?- lx,)

Ctwrx+dngwaatmwalcrlr**tm*rU ●bdgcc from
metal twxt troothg opuatbnx whuo cywtldca
U* Uxod In thx prOc**s.

F019 1 4 F019 A 10 (4.s41

WaOt*walwtr.xtmat sbdg.e from thx
chxrnkxl cmwwxbn coctlrrg of Antlrmm
●xcqN from zkcb @wcphxtlngh ●bmicwrn
canwddrtg when xuohplwqhcthg la ●n
●tcbxlvo Oonvwxbn00cthg pmcoxx.

F020 1“ 4 F020 x 1 [0.464)

WXXWBtoxcxptWaotcwctxr●rtdapxnf OxcbOn
from h@Ogcn ohbddx purNbxtlonffrom tfu
-~ - -ma -0 Ioc ● NcOtxmo
ohctnbxlht~to. m ~ h ●

fwmtllxthtffxOoccxlof trl-Or-tctrxOflkuO@wnOf,
a of karrlmtktcc d to fwwhlcctM
pxxtbldxdctlwtlvcx. (Th&Rcthgdocc rmt
~ Wcxtn from Ihx prtitbn of
hXX~ from ~ WXHlcd2.4.6-
wbftforOphxnOf.1

F021 1“ 4 F021 x 1 (0.4641

Wxxtcx(Cxm Wxxtcwatu XndqHnt CxrbOn
from f@ogcn cfdOrMxplxffbxtbnl from thx
xbnorntcrxlfxonxlng wclaacmxotxnL
okmloxlhtcnncdlxto. or~ha
fcxmulxthgproOCxXlof pcntccMOr@mmf. W of
htxtmxdxtxxuxcdto prodmc Itoddvdvcx.

F022 1“ 4 F022 x 1 (0.464)

Wxxtoxtoxocf)tWxxfewwu Cd CpwttOCrbOrr
hom ~ ~ fidbctlonl from the
InxrrufcctlxhgUxc[cc● rOXCtw’u.ChXmicxl
hwrmodhto, of mmpOnCmh ● fcxmulxthg
proocox)of tows-,Pcnta-,w
fnx~ UrIdwdlmmx COndtbrn.



Stmttoty Fh61m

RmA

Hazwdous Sttbstanco CASRN Regulatory Synonyms no COdOt z CmwwV ?amdmU@)

F023 1* 4 Fo2a x 1 10.464)

Wtia (OxoaptWcstcwatuwrd 8pwlf osrbotr
fromh@ogm oMaidc pwUbdonl horn tfw
prcdotbn of mstwfdoon vqdpmont provlotdy
IBvd for tfmfxdlotbn w Irwfxlfaotdng Uoo
(-o ● reactant,0twmb91Intwmorlbto,of
wmpwwnt ho formubt~fwooodo ftrf- ●nd
tctmoNwofAwrwh.[w btha * not
haklds Wutos from Oq@nwnt U& only fcv
tlw pmdmtbn or uw of hoxaotkxopbm from
- -w 2,4,S~IW1.1

F024 1“ 4 F024 x 1 (0.464)

Waota, harflng M not Ihlitod to diBtilMon
r’oaala, tioavvOndo,tam,WllfmoctorokMorJt
Wnta, from tlw fxorhmtbrrof Cflbrlnatod
~tb ftvtkoowtrwn,hmfhg Cubon Oorrtont
fromwwto ffw, utazhgff wrdicdostofyzd
proo=on. OllhnDtha-not~fMlt
WI& ,pvnt fahm Mid fiku dlfo, 9pclrt
daofomtofdo). WMOWMU, Wmotowatu
tmatmam9&dLfoo.CpontOatafvots.and Waotn
Mod h 6ootbn 261.S2.1

F026 1* 4 F02S x ##1 10.464)

Condmnd n#’tt *. 9pontfifkm wld fBtu
AfB,andapwltd cabllf Wufea from trrc
~ of oamh otlktnatod dlptlstio
~, by trn Mdkal Wtdvzvd
prooana. Ttwn ofdwflwtd dptmtih
hy&odmW uotfrosOfnvlng o9rboll Oluln
f@ngtfumrlgingfromofl@tocndhofudha ftuo.
Witflvm alnoummcndfmittom ofo14mha
W&tltutbn.

F026 I I I 1“ I 4 I F026 lx I 1 (0.464)



Stdtttoq Fbtd RQ
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Hazardous Substanco CASRN w- sV=V- Ra Co&t z ~ ~~

Wsctoa(,xoxpt WsotowatxrWld XpxntCwtwn
trwn~uMwldx purulwtlwl)trom thx
ProaJctkmOtIlwtwidoon CqI@lwm provhnmly
Undfdrtlw nulwfmtwhg lln(aommctxnt,
chxmHhtxrnwdbtw arcowwwIw ha
kmlwtathg~ d totm-. p, or
h0x4dw0bwwww Wldw atk9kwOondltlwm.

F027 1- 4 F027 x 1 (0.464)

Oimudod Wlund fwllwbtbna WataHrq M-,
t-.=~-~~
famubtlwlo Wntdnhg WmpWndt dortvod
--~. (~Mblo*mt
bwhld8fwmuMw18 awndnlng
kmam@Ww sVnmaktfrwn prXpwMIDlt

uo~ - ~ - ~J

F028 1* 4 F028 x 1 (0.4s4)

Rul&nmulthto hwnthohwlnxmtbn or
thanwt tmatnwntat d contwnhwtodwith
EPAHuwdow WntO No@.F020. F021. F022.
F02$ F026, wd F027.

F022 1* 4 F022 x 1 (0.424

Wamwatws, pfooa9 rWidldB. prawvathro
w.dmtalddonofromwd
~~ptdatmtit
aXmnIw-artio PmvtWdVlmd
~ f~ IwmaptWsma
hwnpmcanX ttwthxve h9dttw Fo22wnt*
Cod@ddotod In oaowdma with 5261.35 and
dolwtmxwlw or Mtkto Im@of Chb+Ww&
hCnnltMiwlo).w M* don IwtblaJds
KOO1bottwn~ -~~
8Wtmwlt otwaotswstu trwnwood~
m---~t- Wwwto all#or
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Raguhtoty Synonyms ma C9&t ~ ~ P- fxsl

F034 1“ 4 F034 x 1 {0.464)

Wsttowstws, procossrcdrhda, prosuvstlw
~W. ●nd SPOnthrrnufatbm from wood
prnavlrrg proo.ccosgmarotod●t plants ttut
U90OrooootofOrmulstbm. TMa listingdooanot
knrbda K~l bottom oodhnwrt●- from tlw
troatrnontof waat.w.tar from wood proauvlnfj
frmcosmosttut uooaoowto w@or
porrtscfrbropknrrl.

F036 1“ 4 F036 x f {0.464)

Wsstowmam, prooow rulrhak, Pr..wwtlvo
**w, ●d opontfwmulstbru from wood
prosarwhgPmooWosgorwmt.d ●t Pfontsttut
* Irtorgwrloprnavmfvu ContdningN80nb w
cfnomlum. Tfrk kthg don not hob.tdoKOO1
bottom ~ cbdoa from tfw trostmont of
Waotowalu from wood pcosor’vlrrgProooccos
ttut It9a Orooooto Srt#ot Porrataohbrophorwl.

F037 1* 4 FOS7 x 1 [0.464)



H8zwdous Substmca

P.troiwm fofhuy primaryoil/wotw/Oollda

•-.t~ ●*--* chfdiw Wonamlod from
tha ~mritdorld Oqmrdon Ot Owwatuhlldo

- t~ •t~m 0? Wwtmont of prooooa
wactowatam ●nd OUVcoolhg wactowatm from
patrolamr rcflnarlcc. Suoh Ardgea ~, but
Uo not Urrrlrodto, ttrocc gonwatd h
Ouw*tu/wn& CqJSratom; tmlkc ●nd
Impoundnwnt*; dltclmo srtd Othu Oorwaymtooq
mlmpw ●ld ●tormwatu Urdw rceoklng *
Wwthu flow. ShJdga gommtod In ●tormwstu
Urdtothat do WotMo91vo * woatttu flow,
ohld@oagmwmorl from Worl-omtsct orwO-
tluougtr 00o1lwgWctm ●~td for troatnwnt
from othu prooon or oily ooolhg watuo,

b Du’mratod h SWoalvo Mok@ool
tromnoM untto ●s dofhod h 3201.S1(M2J
(Irddrra ohmbwoutwatodhomor MWO
ddltbd tic dtu wutcwst9r9 IMvo bnn
troatod In ~civo bblo@ml troatmont urth)
and KOS1west-am wothdrdd h thtoIlstlng.

CASRN Roguhtow Swwtwtt8 m

1“-

Stattt

CoAt

-

RmA
W9SW

1

1 {0.464)
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%trolwm rofti saconduv (wnuldtbdl
M/water/aolkb wpamtbn Adgc--Any sUdgo
Indhw fbm ganomt.d trom ttw phv~kal ●dkrr
:h.mbal ●.puatlon ot 03/watu/c01id9 In
rr0c08* Wcatewstus ●d Oky Cootlng
~aatowatcm from porrolwm rdnodea. 3uch
lvastos Inchxfa, but Ho not Ihlltod to. ●II

J** ●ti ttitO OOIWatOd Irx In&cod ak
Ibtotbn OAF) unltw I@nks●nd Irnpwndmont@.
md ●ll ●be gonamtod in DAF Ullh. Stidooc
Wrwratod h ctwrnwaw wits that do not

racdvo rkv woathw fbw, SMOOCg.ncmt.d
fromOncO-tlvO@ non-contactcoolingwatwm
taWagatd far trOMm.ntfrom oth.r pmcOs*w
cdcootlrwwastw. dudwo ●nd Itemsoarwmtod
h agwos*ivobbiocW Irontrrwntunim ●.
ddlmd In !261 .31(bl(2) Oncbdlng ●bdgoc and
lbat. g.rwmtad In orN w mom ddltiorul units
●ft.r wactewstws have tin troatod in

WFOosko bbbghl tmatmont units) and F037,
K048, snd K031 W-OS are not Incktdod h thh
Ibtlng.

KOO1 1“ 4 Kml x 1 {0.4641

SOtmrtrtdirnart 8Mw fromtha troatm.nt of
waotawatarsfrom wood pcosav!ngprOcosOO*
thatuac cratwoto●dor porrtachbrophenol.

KOD2 t“ 4 KOD2 1

Wsctowstortrostmwtt cb~ from t~

pcodwtbn of ofwomo ydlow ●l wgenga

pigmontc.

KO03 1“ 4 KO03 1

We9towat.r tmstmom chxlgo from the
production of mOlybdat* orango plgment~.

KO04 1“ 4 KO04 A 10 [4.64:
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Hazardous Substanca CASRN
Wocw

Regulatory Synonyms Ra co&t N- Ccn$ory P- (Kg}
r

Vhstowatur treatment cbdge from tlw
protictbn of zinc vo$cw pigmontm

KO06 1= 4 Kms #

Wastowatu troatmwrt ●ktoo from ttro

Pm&mtbn of ctuoma Wmr pigmonto.

KOOO t“ 4 KO03 A 10 :4.34)

Wa0t*wmf9rtroatrrwntdwig9 from the
-bn of c~omc OXIIJStx.cn Pbmwttc
(Wlfr@cuc ●-d hydstcdf.

KO07 1= 4 KO07 A fo (4.34)

Wcctcwatwtroatnwtw4dg0 frcnt ttw
prcdmtbn of hr MM pigmww.

Kooa 1“ 4 KO08 A 10 14.34)

Ov.n r-h. fronttlw prcrhwtbn of ctxomc
oxldc-n pignwrtm.

KO09 1= 4 KOOS A 10 14.a4J

DlctlMtbn kttoma from theprotictbn of
●cotstdahydz from ●ttt@M.

KOfO 1= 4 KO1O A 10 (4.341

Dlctllktbn dda out. frctnttrcfrrwkmtbnof
ccctddchydafrom .thybnc.

KO11 1“ 4 KO11 A 10 14.64)

Bottom●r.am from thawastawatwct~
krttraprcdctbn of ccrybnltrlla.

KO13 1= 4 K013 A fo (4.a41

Bottom●roam from tfw●c.tonitrlk cobmn In
ttmprcazctbn of ●ytcn!trltc.
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I

KOt4 1- 4 K014 D 6000 12270j

Bottoms from lb ●cotonttrto purltlcatbn

cobmrr In tha proddon of Wrvbnltrk.

K016 1“ 4 KOIC A 10 (4.s4)

StU bottorna Iran tha &tWtbn of boruvt
Ctiakk .

KO1O 1“ 4 KO18 x 1 [0.4M)

tkvy ●h or rMktbn redckres from ttra
prcrtktton of Cutrar tmrsctdwldo.

K017 1“ 4 K017 A 10 (4.64)

y H@avv ●* (mu tmttom.1 from NW puritkatbn

4 oobmn h tha prdxtkm of @-chlaohyMn.
w

K018 1* 4 K018 x 110.4M)

Heavv ●* from ttw froctbmtlwr cobmn h
●thyt Chbdda pcodmtbrl.

KO1O 1“ 4 KO1O x 1 (0.464)

Havv WI& from tlw&tHatbnd ●thvtorw

dcModda h ●thvhnsdcthrldopmdxtbn.

K020 1“ 4 K020 x 1 (0.4M)

HOWV●* from ttwdbtUatbn of vinyl chbrkk
h Vkl@ chbdda morwmar Pw.&dOrr.

K021 1“ 4 K021 A 10 (4.641

Aqtmout●p.rrt ●ntkrwnycatalyst wsato from

Ihmromotturwa prockrdbn.

K022 1“ 4 K022 x 1 (0.4641

D1.tlitatbn bottom !- from tlw wmhctbn of
ph.rwllac.torw from ammo. J



Stlttutory
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Hazardous Substmce CASRN
Wnta

Roguhtory Synonyms Ra Co&t Nu* b-

K013 1“ 4 K023 D

DMfIsIlon U@ ●rd from tha proc&ctbn of

phtfulb cfiydlda from ruphltrahrn.

K024 1“ 4 K024 D

D1.Matbn bottoms barn tfm prorbcdorr of

phtfuib ●hyckkta from rupfrtlrabrr..

K026 1“ 4 K026 A

DW3atbn trotfomo from !fm prtitbrr of

nltloturlzorw by tfrs rdtmtbrl of boruoru.

K020
y

1“ 4 K026 c

4 str@phg ●Ia I* frorrr tfw prodldorl of rnotfryf
A ●tfryl pyrMr@9.

K027 1“ 4 K027 A

COmrffWS d *t*tbrr mddma from tobm
duDwym9t0 prachratbn.

K028 1“ 4 K028 x

6p0nt Cat9fyWflwn th0hyrkodrbrkn tor rooctor

in thm proatofbrt d 1,1,1 -trkhbrwttrmro.

K029 1“ 4 K02@ x

WOctofrom th prodct steam stripperh ttw
PrO@Jctbnof 1,1,1 -trkfrbrwtturm.

K030 1“ 4 K030 x

COkmrrrtmttorruor fruvy .ti from tlw
Cavlbfrndgm&lctbrl of O+cMOmctflyfunMd
pucfrbrwtfryhrm

K031 1“ 4 K031 x

==4
+

6000 (2270}

76WQ (2270)

‘i

1
1000 {464)

10 (4.64]

1 [0.464}

1 [0.464)

t {0.4641

1 (0.464) I

i
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Ey-pro&cI colt- gcmxratod h ttw productkm of

MSMA and CSCO+tiC wM.

K032 1“ 4 K032 A 10 (4.s4)

Waotawatw treatment sbdga from ttw

pro&ctbn ot chbrdano.

K033 1“ 4 K033 A 10 (4.s41

Wwtewatw ●nd scrubw~tw fromthx
chlcdndwr of cycbp.ntadiwmh tfw
productbn of chtordanc.

K034 1“ 4 K034 A 10 (4.34)

y
+

FHtu colidxfront thx flitrdcn of

W1 hcx-chhrrqclo-pantwtlcnx in thxprodction of
chbrdcnx.

K036 1“ 4 K036 x 1 (0.4s4)

WaMOwatxftrodmont cbdgccg.n.ratmt in ttw
pmdctlon of orxosot..

K030 1* 4 K030 x 1 10.4MI

StillLrmtomcfrom tobcm roolsmstbn

dmtlfbtbn h tha prcdmtbn of dbulfoton.

I(O37 f“ 4 K037 x f [0.434}

Wastowatw trootmont ●bdgcc frcm tha
productbn of dbulfoton.

K038 1“ 4 K038 A to (4.s4)

Wa.t-watw from the waohhta ●nd atripplng of
phorata rmductbn.

I(O39 1“ 4 K03@ A 10 (4.64t
m
w
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Htrzardws Sttbatanctr CASRN
Wax*

Ragtdatory Syrranyms m COdxt ~ cxtwOrv PowldxfKsl

Fllforcako trom tha flftratbn ot

dbtlty~hoxphorodlftrkrk ●dd h ttrapr-ctbn

Ot phoratm.

K040 1- 4 K040 A 10 [4.64)

WoOtowatcr tractm.nt xkdEo from tha
prodmtbn of phtmto.

K041 1= 4 KU1 x 1 {0.464)

Wsctowatwtroatmontc- tmrrrttw
procbotkmof toxxpfwnx.

K042 1= 4 K042 A 10 (4.64}

Hmvy ●ndz or dimltktknroaidoc tront ttu
dktHfxtkmof t.trcchkrok.nxom h ttra
prdtbn Of 2.4,6-T.

K04S 1* 4 K043 A 10 (4.64

2,6-DkttkrOphonolwsotafrom tho prorkmtlwt
of 2.4-Q.

K044 1= 4 K044 A 10 14.64)

WaxtowatxrIromtnurtokdgzz from thx
rnorrrlfaotwingand frroowzlrtgof ●xpkmfvoo.

K046 1- 4 K046 A 10 (4.641

6pont oukon fronttlw trmtrrwntof wx9Ww9txr
Oontdrrlng●rrpfrmkao.

K048 1* 4 K048 E 100 (46.4)

WOctewmr tromront 8bdow tronttfw
rrurwfmtwfrrg,forlrwktfon●nd kadirrgOtfOad-
kxcodkrltlztbtgOornpounds.

K047 1“ 4 K047 A 10 {4,04}

1
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1

PkVr.d wmar horn TNT apuarkwm.

K048 1“ 4 K048 #

Obdwd ●k fbtdon {OAF) float from IIN
potrokum rofkdng Mm-y.

KUO 1“ 4 K040 s

Skp 0S ●nubkm 901i& from Itw p.trobum
ref~ h&atrv.

K060 1“ 4 K060 A 10 (4.64)

Hoot ●xchwtgac burtds cbmk-41 ●kdoO from tha
potfoloum tolklklg kdm~.

K061 1“ 4 K061 8

API c~amr ●bdga from tha patrohum
fdrdllg kdm~.

K062 1“ 4 K062 A 10 (4.MI

lank lmttema llwdo@ horn tha Wtrol.um
rofkthg kvlmoy.

KCMU3 1“ 4 K060 x 1 (0,464)

Ammorda •t~ IknQ ●bJdOScoklrq apuatbna

K061 1“ 4 K061 #

Emlsabncontrol dstlsbdga from lho vlmmv

Pmw&ctlon of stocl In ●kctrk furwncas.

KO.32 1“ 4 KfJ02 #

Spent pkkh Uq.Jot~nuotod LIVctwl !Inhtdng

ogwdom of facitltb* wlthln tha kon ●nd stool

In&,try (SIC Codca 331 ●nd 332). m

KO04 1“ 4 K064 ## ~:

m+

~~

C9L
+Ut



statutory Final RO
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Hazardous Substmce CASRN
Wnto

Regulatory Synonyms ma Co&t Nu+ Catqq Pour+ tK@l

Acid plcnt bbwdown ●bmlsbdga rosultlng

from thkkonkng of Mowdown ckmy from

prlm~ coppw ~o&ctbn,

K(M6 1“ 4 K066 ##

.Sumca knpwndmcm ●olkdccontdncd in ●d
dcdgcd from ND-fscc Impmndmontc S1prlmcry
lead ●mchlmg facMtk.c.

KOW3 1“ 4 KO136 88

sludge from troatlrwnt of proccso Wsuowatcr

●rdor ●kd pbnt MOwdown from prirncty zkw

wocbctbn.

K089 1“ . K06kf #

Embdan aontml Amt/sbdgc from sccondcry

.-. =.

bd wrohhg.
(

K071

..

1“ i 4 K071 x 110.4s4)

9rk pwkflatbn muds from the mw~ cdl

ptocoss h cfiorkw prodmtbn, whcro s.pcmtdy
wti~d h h notumod.

K073 1“ 4 K073 A 10 (4.641

Chkthatod hytkocatmn waoto from tfw
Purkfkwlkn ●* of tlm dkpbagrrl con procoss
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Appendix J

GLOSSARY

Aeration: A process which promotes biological degradation of org~nic matter. The

process may be passive (as when waste is exposed to air) or active (as when a

mixing or bubbling device introduces the air).

Backfill: Earth used to fill a trench or an excavation.

Baffles: Finlike devices installed vertically on the inside walls of liquid waste transport
vehicles that are used to reduce the movement of the waste inside the tank.

Baseline General Permit: A storm water permit (issued under the NPDES program)
intended to initially cover the majority of storm water discharges associated with
industrial activities. For example, EPA is planning to issue two baseline general
permits: NPDES General Permits for Storm Water Discharges from
Construction Activities that are classified as “Associated with Industrial Activity”
and NPDES General Permits for Storm Water Discharges from Industrial
Activities that are classified as “Associated with Industrial Activities.” EPA is
also encouraging delegated states which have an approved general permits
program to issue baseline general permits.

Berm: An earthen mound used to direct the flow of runoff around or through a
structure.

Best Management Practices (BMP’s): Schedules of activities, prohibitions of practices,
maintenance procedures, and other management practices to prevent or reduce
the pollution of waters of the United States. BMP’s also include treatment
requirements, operating procedures, and practices to control plant site runoff,
spillage or leaks, sludge or waste disposal, or drainage from raw material
storage. With regard to construction, these may include structural devices or
nonstructural practices that are designed to prevent pollutants from entering
water or to direct the flow of water.

Biodegradable: The ability to break down or decompose under natural conditions and
processes.

Boom: 1. A floating device used to contain oil on a body of water. 2. A piece of
equipment used to apply pesticides from ground equipment such as a tractor or
truck.
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Buffer strip or zone: Strips of grass or other erosion-resistant vegetation between a
waterway and an area of more intensive land use.

By-product: Material, other than the principal product, that is generated as a
consequence of an industrial process.

Calibration: A check of the precision and accuracy of measuring equipment.

CERCLA: Comprehensive Emergency Response, Compensation, and Liability Act.

Chock: A block or wedge used to keep rolling vehicles in place.

Clay lens: A naturally occurring, localized area of clay that acts as an impermeable
layer to runoff infiltration.

Commencement of construction: The initial disturbance of soils associated with
clearing, grading, or excavating activities or other construction activities.

Concrete aprons: A pad of nonerosive concrete material designed to prevent scour
holes developing at the outlet ends of culverts, outlet pipes, grade stabilization
structures, and other water control devices.

Conduit: Any channel or pipe for transporting the flow of water.

Conveyance: Any natural or man-made channel or pipe in which concentrated water
flows.

Corrosion: The dissolving and wearing away of metal caused by a chemical reaction
such as between water and the pipes that the water contacts, chemicals
touching a metal surface, or contact between two metals.

Culvert: A covered channel or a large-diameter pipe that directs water flow below the
ground level.

CWA: The Clean Water Act or the Federal Water Pollution Control Act.

Dedicated portable asphalt plant: A portable asphalt plant that is located on or
contiguous to a construction site and that provides asphalt only to the
construction site that the plant is located on or adjacent to. The term dedicated
portable asphalt plant does not include facilities that are subject to the asphalt
emulsion effluent limitation guideline at 40 CFR 443.
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Dedicated portable concrete plant: Aportable concrete plant that is located on or
contiguous to a construction site and that provides concrete only to the
construction site that the plant is located on or adjacent to.

Denuded: Land stripped of vegetation such as grass, or land that has had vegetation
worn down due to impacts from the elements or humans.

Dike: An embankment to confine or control water, often built along the banks of a
river to prevent overflow of lowlands; a levee.

Director: The Regional Administrator of the Environmental Protection Agency or an
authorized representative.

Discharge: A release or flow of storm water or other substance from a conveyance or
storage container.

Drip guard: A device used to prevent drips of fuel or corrosive or reactive chemicals
from contacting other materials or areas.

Emission: Pollution discharged into the atmosphere from smokestacks, other vents,
and surface areas of commercial or industrial facilities and from motor vehicle,
locomotive, or aircraft exhausts.

Erosion: The wearing away of land surface by wind or water. Erosion occurs
naturally from weather or runoff but can be intensified by land-clearing practices
related to farming, residential or industrial development, road building, or
timber-cutting.

Excavation: The process of removing earth, stone, or other materials.

Fertilizer: Materials such as nitrogen and phosphorus that provide nutrients for plants.
Commercially sold fertilizers may contain other chemicals or may be in the form
of processed sewage sludge.

Filter fabric: Textile of relatively small mesh or pore size that is used to (a) allow
water to pass through while keeping sediment out (permeable), or (b) prevent
both runoff and sediment from passing through (impermeable).

Filter strip: Usually long, relatively narrow area of undisturbed or planted vegetation
used to retard or collect
or adjacent properties.

sediment for the protection of watercourses, reservoirs,
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Final stabilization: The point at which all soil disturbing activities at the site have been
completed and a uniform perennial vegetative cover with a density of
70 percent of the cover for unpaved areas and areas not covered by permanent
structures has been established or equivalent permanent stabilization measures
such as the use of riprap, gabions, or geotextiles have been employed.

Flange: A rim extending from the end of a pipe; can be used as a connection to
another pipe.

Flow channel liner: A covering or coating used on the inside surface of a flow channel
to prevent the infiltration of water into the ground.

Flowmeter: A gauge that shows the speed of water moving through a conveyance.

Flow-weighted composite sample: A composite sample consisting of a mixture of
aliquots collected at a constant time interval, where the volume of each aliquot
is proportional to the flow rate of the discharge.

General permit: A permit issued under the NPDES program to cover a certain class
or categoty of storm water discharges. These permits allow for a reduction in
the administrative burden associated with permitting storm water discharges
associated with industrial activities.

Grading: The cutting and/or filling of the land surface to a desired slope or elevation.

Hazardous substance: 1. Any material that poses a threat to human health and/or the
environment. Hazardous substances can be toxic, corrosive, ignitable,
explosive, or chemically reactive. 2. Any substance listed in 40 CFR 302.4 or
49 CFR 171.8 and which may be required by EPA to be reported if a
designated quantity of the substance is spilled in the waters of the United
States or if otherwise emitted into the environment.

Hazardous waste: By-products of human activities that can pose a substantial or
potential hazard to human health or the environment when improperly
managed. Possesses at least one of four characteristics (ignitability, corrosivity,
reactivity, or toxicity), or appears on special EPA lists.

Holding pond: A pond or reservoir, usually made of earth, built to store polluted runoff
for a limited time.
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Illicit connection: Any discharge to a municipal separate storm sewer that is not
composed entirely of storm water except discharges authorized by an N PDES
permit (other than the NPDES permit for discharges from the municipal
separate storm sewer) and discharges resulting from fire-fighting activities.

Infiltration: 1. The penetration of water through the ground surface into subsurface soil
or the penetration of water from the soil into sewer or other pipes through
defective joints, connections, or manhole walls. 2. A land application technique
where large volumes of wastewater are applied to land, allowed to penetrate
the surface and percolate through the underlying soil.

Inlet: An entrance into a ditch, storm sewer, or other waterway.

Intermediates: A chemical compound formed during the making of a product.

Irrigation: Human application of water to agricultural or recreational
purposes.

Jute: A plant fiber used to make rope, mulch, netting, or matting.

land for watering

Lagoon: A shallow pond where sunlight, bacterial action, and oxygen work to purify
wastewater,

Land application: Discharge of wastewater onto or into the ground for treatment or
reuse.

Land treatment units: An
receive treatment.

area of land where materials are temporarily located to
Examples include: sludge lagoons, stabilization pond.

Landfills: 1. Sanitary landfills are land disposal sites for nonhazardous solid wastes at

Large

which the waste is spread in layers, compacted to the smallest practical
volume, and cover material applied at the end of each operating day.
2. Secure chemical landfills are disposal sites for hazardous waste. They are
selected and designed to minimize the chance of release of hazardous
substances into the environment.

and medium municipal separate storm sewer systems: All municipal separate
storm sewers that are either: (i) located in an incorporated place (city) with a
population of 100,000 or more as determined by the latest Decennial Census
by-the Bureau of Census (these cities are listed
40 CFR Part 122); or (ii) located in the counties
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populations of 100,000 or more, except municipal separate storm sewers that
are located in the incorporated places, townships or towns within such counties
(these counties are listed in Appendices H and I of 40 CFR Part 122); or
(iii) owned or operated by a municipality other than those described in
paragraph (i) or (ii) and that are designated by the Director as part of the large
or medium municipal separate storm sewer system.

Leaching: The process by which soluble constituents are dissolved in a solvent such
as water and carried down through the soil.

Level spreader: A device used to spread out storm water runoff uniformly over the
ground surface as sheetflow (i.e., not through channels). The purpose of level
spreaders is to prevent concentrated, erosive flows from occurring and to
enhance infiltration.

Liming: Treating soil with lime to neutralize acidity levels.

Liner: 1. A relatively impermeable barrier designed to prevent Ieachate from leaking
from a landfill. Liner materials include plastic and dense clay. 2. An insert or
sleeve for sewer pipes to prevent leakage or infiltration.

Liquid level detector: A device that provides continuous measures of liquid levels in
liquid storage areas or containers to prevent overflows.

Material storage areas: Onsite locations where raw materials, products, final products,
by-products, or waste materials are stored.

Mulch: A natural or artificial layer of plant residue or other materials covering the land
surface which conserves moisture, holds soil in place, aids in establishing plant
cover, and minimizes temperature fluctuations.

Noncontact cooling water: Water used to cool machinery or other materials without
directly contacting process chemicals or materials.

Notice of Intent (NOI): An application to notify the permitting authority of a facility’s
intention to be covered by a general permit; exempts a facility from having to
submit an individual or group application.

NPDES: EPA’s program to control the discharge of pollutants to waters of the United
States. See the definition of “National Pollutant Discharge Elimination Systems”
in 40 CFR 122.2 for further guidance.
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NPDES Permit: An authorization, license, or equivalent control document issued by
EPA or an approved State agency to implement the requirements of the
National Pollutant Discharge Elimination System (NPDES) as specified in
40 CFR 122.2.

Oil and grease traps: Devices which collect oil and grease, removing them from water
flows.

Oil sheen: A thin, glistening layer of oil on water.

Oil/water separator: A device installed, usually at the entrance to a drain, which
removes oil and grease from water flows entering the drain.

Organic pollutants: Substances containing carbon which may cause pollution
problems in receiving streams.

Organic solvents: Liquid organic compounds capable of dissolving solids, gases, or
liquids.

Outfall: The point, location, or structure where wastewater or drainage discharges
from a sewer pipe, ditch, or other conveyance into a receiving body of water.

Permeability: The quality of a soil that enables water or air to move through it.
Usually expressed in mm/hour (inches/hour) or mm/day (inches/day).

Permit: An authorization, license, or equivalent control document issued by EPA or an
approved State agency to implement the requirements of an environmental
regulation; e.g., a permit to operate a wastewater treatment plant or to operate
a facility that may generate harmful emissions.

Permit Issuing Authority (or Permitting Authority): The State agency or EPA Regional
office which issues environmental permits to regulated facilities.

Plunge pool: A basin used to slow flowing water, usually constructed to a design
depth and shape. The pool may be protected from erosion by various lining
materials.

Pneumatic transfer:
push material
tank.

A system of hoses which uses the force of air or other gas to
through; used to transfer solid or liquid materials from tank to
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Point source: Any discernible, confined, and discrete conveyance, including but not
limited to any pipe, ditch, channel, tunnel, conduit, well, discrete fissure,
container, rolling stock, concentrated animal feeding operation, landfill Ieachate
collection system, or vessel or other floating craft, from which pollutants are or
may be discharged.

Pollutant: Any dredged spoil, solid waste, incinerator residue, filter backwash,
sewage, garbage, sewage sludge, munitions, chemical wastes, biological
materials, radioactive materials (except those regulated under the Atomic
Energy Act of 1954, as amended (42 (U.S.C. 2011 et sea.)), heat, wrecked or
discharged equipment, rock, sand, cellar dirt, and industrial, municipal, and
agricultural waste discharged into water. It does not mean:
(i) Sewage from vessels; or
(ii) Water, gas, or other material which is injected into a well to facilitate
production of oil or gas, or water derived in association with oil and gas
production and disposed of into a well, if the well used either to facilitate
production or for disposal purposes is approved by the authority of the State in
which the well is located, and if the State determines that the injection or
disposal will not result in the degradation of ground or surface water resources
(Section 502(6) of the CWA).

Radioactive materials covered by the Atomic Energy Act are those
encompassed in its definition of source, by-product, or special nuclear
materials. Examples of materials not covered include radium and accelerator-
produced isotopes. See Train v. Colorado Public /nterest Research Group,
/~C., 426 U.S. 1 (1976).

Porous pavement: A human-made surface that will allow water to penetrate through
and percolate into soil (as in porous asphalt pavement or concrete). Porous
asphalt pavement is comprised of irregular shaped crush rock precoated with
asphalt binder. Water seeps through into lower layers of gravel for temporary
storage, then filters naturally into the soil.

Precipitation: Any form of rain or snow.

Preventative maintenance program: A schedule of inspections and testing at regular
intervals intended to prevent equipment failures and deterioration.

Process wastewater: Water that comes into direct contact with or results from the
production or use of any raw material, intermediate product, finished product,
by-product, waste product, or wastewater.
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PVC (polyvinyl chloride): A plastic used in pipes because of its strength; does not
dissolve in most organic solvents.

Raw material: Any product or material that is converted into another material by
processing or manufacturing.

RCRA: Resource Conservation and Recovery Act.

Recycle: The process of minimizing the generation of waste by recovering usable
products that might otherwise become waste. Examples are the recycling of
aluminum cans, wastepaper, and bottles.

Reportable Quantity (RQ): The quantity of a hazardous substance or oil that triggers
reporting requirements under CERCLA or the Clean Water Act. If a substance
is released in amounts exceeding its RQ, the release must be repotied to the
National Response Center, the State Emergency Response Commission, and
community emergency coordinators for areas likely to be affected.

Residual: Amount of pollutant remaining in the environment after a natural or
technological process has taken place, e.g., the sludge remaining after initial
wastewater treatment, or particulate remaining in air after the air passes
through a scrubbing or other pollutant removal process.

Retention: The holding of runoff in a basin without release except by means of
evaporation, infiltration, or emergency bypass.

Retrofit: The modification of storm water management systems in developed areas
through the construction of wet ponds, infiltration systems, wetland plantings,
streambank stabilization, and other BMP techniques for improving water quality.
A retrofit can consist of the construction of a new BMP in the developed area,
the enhancement of an older storm water management structure, or a
combination of improvement and new construction.

Rill erosion: The formation of numerous, closely spread streamlets due to uneven
removal of surface soils by storm water or other water.

Riparian habitat: Areas adjacent to rivers and streams that have a high density,
diversity, and productivity of pIant and animal species relative to nearby
uplands.
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Runoff: That part of precipitation, snowmelt, or irrigation water that runs off the Iand
into streams or other surface water. It can carry pollutants from the air and
land into the receiving waters.

Runoff coefficient: The fraction of total rainfall that will appear at the conveyance as
runoff.

Runon: Storm water surface flow or other
than that where it originated.

Sanitary sewer: A system of underground
wastewater to a treatment plant.

Sanitary waste: Domestic sewage.

surface flow which enters property other

pipes that carries sanitary waste or process

SARA: Superfund Amendments and Reauthorization Act.

Scour: The clearing and digging action of flowing water, especially the downward
erosion caused by stream water in sweeping away mud and silt from the
streambed and outside bank of a curved channel.

Sealed gate: A device used to control the flow of liquid materials through a valve.

Secondary containment: Structures, usually dikes or berms, surrounding tanks or
other storage containers and designed to catch spilled material from the storage
containers.

Sediment trap: A device for removing sediment from water flows; usually installed at
outfall points.

Sedimentation: The process of depositing soil particles, clays, sands, or other
sediments that were picked up by flowing water.

Sediments: Soil, sand, and minerals washed from land into water, usually after rain.
They pile up in reservoirs, rivers, and harbors, destroying fish-nesting areas and
holes of water animals and cloud the water so that needed sunlight might not
reach aquatic plants. Careless farming, mining, and building activities will
expose sediment materials, allowing them to be washed off the land after
rainfalls.
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Sheet erosion: Erosion of thin layers of surface materials by continuous sheets of
running water.

Sheetflow: Runoff which flows over the ground surface as a thin, even layer, not
concentrated in a channel.

Shelf life: The time for which chemicals and other materials can be stored before
becoming unusable due to age or deterioration.

Significant materials: as defined at 40 CFR Part 122.26(b)(l 2) include, but are not
limited to:

Raw materials; fuels; materials such as solvents, detergents and plastic pellets;
finished materials such as metallic products; raw materials used in food
processing or production; hazardous substances designated under section 101
(14) of the Comprehensive Environmental Response, Compensation, and
Liability Act (C ERCLA); any chemical the facility is required to report pursuant
to section 313 of Title Ill of the Superfund Amendments and Reauthorization Act
(SARA); fertilizers; pesticides; and waste product such as ashes, slag, and
sludge that have a potential to be released with storm water discharges.

Slag: Nonmetal containing waste leftover from the smelting and refining of metals.

Slide gate: A device used to control the flow of water through storm water
conveyances.

Sloughing: The movement of unstabilized soil layers down a slope due to excess
water in the soils.

Sludge: A semisolid residue from any of a number of air or water treatment
processes. Sludge can be a hazardous waste.

Soil: The unconsolidated mineral and organic material on the immediate surface of
the earth that serves as a natural medium for the growth of plants.

Solids dewatering: A process for removing excess water from solids to lessen the
overall weight of the wastes.

Source control: A practice or structural measure to prevent pollutants from entering
storm water runoff or other environmental media.

J-n



EP 1110-1-16
28 Feb 97

Spent solvent: A liquid
dissolving solids,

solution that has been used and is no longer capable of
gases, or liquids.

Spill guard: A device used to prevent spills of liquid materials from storage containers.

Spill Prevention Control and Countermeasures Plan (SPCC): Plan consisting of
structures, such as curbing, and action plans to prevent and respond to spills of
hazardous substances as defined in the Clean Water Act.

Stopcock valve: A small valve for stopping or controlling the flow of water or other

Storm

Storm

Storm

liquid through a pipe.

drain: A slotted opening leading to an underground pipe or an open ditch for
carrying surface runoff.

water: Runoff from a storm event, snowmelt runoff, and surface runoff and
drainage.

water discharge associated with industrial activity: The discharge from any
conveyance which is used for collecting and conveying storm water and which
is directly related to manufacturing, processing or raw materials storage areas
at an industrial plant. The term does not include discharges from facilities or
activities excluded from the NPDES program under 40 CFR Part 122. For the
categories of industries identified in subparagraphs (i) through (x) of this
subsection, the term includes, but is not limited to, storm water discharges from
industrial plant yards; immediate access roads and rail lines used or traveled by
carriers of raw materials, manufactured products, waste material, or by-products
used or created by the facility; material handling sites; refuse sites; sites used
for the application or disposal of process waste waters (as defined at
40 CFR 401); sites used for the storage and maintenance of material handling
equipment; sites used for residual treatment, storage, or disposal; shipping and
receiving areas; manufacturing buildings; storage areas (including tank farms)
for raw materials, and intermediate and finished products; and areas where
industrial activity has taken place in the past and significant materials remain
and are exposed to storm water. For the categories of industries identified in
subparagraph (xi), the term includes only storm water discharges from all the
areas (except access roads and rail lines) that are listed in the previous
sentence where material handling equipment or activities, raw materials,
intermediate products, final products, waste material, by-products, or industrial
machinery are exposed to storm water. For the purposes of this paragraph,
material handling activities include the: storage, loading and unloading,
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transportation, or conveyance of any raw material, intermediate product,
finished product, by-product, or waste product. The term excludes areas
located on plant lands separate from the plant’s industrial activities, such as
office buildings and accompanying parking lots as long as the drainage from the
excluded areas is not mixed with storm water drained from the above-described
areas. Industrial facilities (including industrial facilities that are Federally, State,
or municipally owned or operated) that meet the description of the facilities
listed in this paragraph (i)-(xi) include those facilities designated under the
provision of 122.26(a)(l)(v). The following categories of facilities are
considered to be engaging in “industrial activity” for purposes of this subsection:
(i) Facilities subject to storm water effluent limitations guidelines, new source
performance standards, or toxic pollutant effluent standards under 40 CFR
Subchapter N (except facilities with toxic pollutant effluent standards which are
excepted under category (xi) of this paragraph);
(ii) Facilities classified as Standard Industrial Classifications 24 (except 2434),
26 (except 265 and 267), 28 (except 283 and 285) 29, 311, 32 (except 323),
33, 3441, 372; (iii) Facilities classified as Standard Industrial Classifications 10
though 14 (mineral industry) including active or inactive mining operations
(except for areas of coal mining operations no longer meeting the definition of a
reclamation area under 40 CFR 434.1 1 (1) because the performance bond
issued to the facility by the appropriate authority has been released, or except
for areas of noncoal mining operations which have been released from
applicable State or Federal reclamation requirements after December 17, 1990,
and oil and gas exploration, production, processing, or treatment operations, or
transmission facilities that discharge storm water contaminated by contact with
or that has come into contact with, any overburden, raw material, intermediate
products, finished products, by-products or waste products located on the site
of such operations; (inactive mining operations are mining sites that are not
being actively mined, but which have an identifiable owner/operator; inactive
mining sites do not include sites where mining claims are being maintained prior
to disturbances associated with the extraction, beneficiation, or processing of
mined materials, nor sites where minimal activities are undertaken for the sole
purpose of maintaining mining claim); (iv) Hazardous waste treatment,
storage, or disposal facilities, including those that are operating under interim
status or a permit under Subtitle C of RCA; (v) Landfills, land application sites,
and open dumps that receive or have received any industrial wastes (waste that
is received from any of the facilities described under this subsection) including
those that are subject to regulation under Subtitle D of RCA; (vi) Facilities
involved in the recycling of materials, including metal scrap yards, battery
reclaimers, salvage yards, and automobiles junkyards, including but limited to
those classified as Standard Industrial Classification 5015 and 5093; (vii) Steam
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electric power generating facilities, including coal handling sites; (viii)
Transportation facilities classified as Standard Industrial Classifications 40, 41,
42 (except 4221-25), 43, 44, 45, and 5171 which have vehicle maintenance
shops, equipment cleaning operations, or airport deicing operations. Only those
portions of the facility that are either involved in vehicle maintenance (including
vehicle rehabilitation, mechanical repairs, painting, fueling, and lubrication),
equipment cleaning operations, airport deicing operations, or which are
otherwise identified under paragraphs (i)-(vii) or (ix) -(xi) of this subsection are
associated with industrial activity; (ix) Treatment works treating domestic
sewage or any other sewage sludge or wastewater treatment device or system,
used in the storage treatment, recycling, and reclamation of municipal or
domestic sewage, including lands dedicated to the disposal of sewage sludge
that are located within the confines of the facility, with a design flow of
3,785,000 liters per day (1.0 mgd) or more, or required to have an approved
pretreatment program under 40 CFR 403. Not included are farm lands,
domestic gardens, or lands used for sludge management where sludge is
beneficially reused and which are not physically located in the confines of the
facility, or areas that are in compliance with Section 405 of the CWA; (x)
Construction activity including clearing, grading, and excavation activities
except: operations that result in the disturbance of less than 2 hectares
(5 acres) of total land area which are not part of a larger common plan of
development or sale; (xi) Facility under Standard Industrial Classification 20, 21,
22, 23, 24, 34, 25, 265, 267, 27, 283, 285, 30, 31 (except 31 1), 323, 34 (except
3441 ), 35, 36, 37 (except 373), 38, 39, 4221-25, (and which are not otherwise
included within categories (ii) -lx));

Note: The Transportation Act of 1991 provides an exemption from storm water
permitting requirements for certain facilities owned or operated by
municipalities with a population of less than 100,000. Such
municipalities must submit storm water discharge permit applications for
only airports, power plants, and uncontrolled sanitary landfills that they
own or operate, unless a permit is otherwise required by the permitting
authority.

Subsoil: The bed or stratum of earth lying below the surface soil.

Sump: A pit or tank that catches liquid runoff for drainage or disposal.

Surface impoundment: Treatment, storage, or disposal of liquid wastes in ponds.
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Surface water: All water naturally open to the atmosphere (rivers, lakes, reservoirs,
streams, wetlands impoundments, seas, estuaries, etc.); also refers to springs,
wells, or other collectors which are directly influenced by surface water.

Swale: An elongated depression in the land surface that is at least seasonally wet, is
usually heavily vegetated, and is normally without flowing water. Swales direct
storm water flows into primary drainage channels and allow some of the storm
water to infiltrate into the ground surface.

Tarp: A sheet of waterproof canvas or other material used to cover and protect
materials, equipment, or vehicles.

Topography: The physical features of a surface area including relative elevations and
the position of natural and human-made features.

Toxic Pollutants: Any pollutant listed as toxic under Section 501 (a)(l) or, in the case
of “sludge use or disposal practices,” any pollutant identified in regulations
implementing Section 405(d) of the CWA. Please refer to 40 CFR Part 122
Appendix D.

Treatment: The act of applying a procedure or chemicals to a substance to remove
undesirable pollutants.

Tributary: A river or stream that flows into a larger river or stream.

Underground storage tanks (USTS): Storage tanks with at least 10 percent or more of
its storage capacity underground (the complete regulatory definition is at
40 CFR Part 280.12).

Waste: Unwanted materials left over from a manufacturing or other process.

Water table: The depth or level below which the ground is saturated with water.

Waters of the United States:
(a) All waters, which are currently used, were used in the past, or maybe
susceptible to use in interstate or foreign commerce, including all waters which
are subject to the ebb and flow of the tide;
(b) All interstate waters, including interstate “wetlands”;
(c) All other waters such as intrastate lakes, rivers, streams (including
intermittent streams), mudflats, sandflats, wetlands, sloughs, prairie potholes,
wet meadows, playa lakes, or natural ponds, the use, degradation, or
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destruction of which would affect or could affect interstate or foreign commerce
including any such waters:
(1)

(2)

(3)

(d)

(e)

(f)

(9)

Which are or could be used by interstate or foreign travelers for
recreational or other purposes;
From which fish or shellfish are or could be taken and sold in interstate or
foreign commerce; or
Which are used or could be used for industrial purposes by industries in
interstate commerce;
All impoundments of waters otherwise defined as waters of the United
States under this definition;
Tributaries of waters identified in paragraphs (a) through (d) of this
definition;
The territorial sea; and
“Wetlands” adjacent to waters (other than waters that are themselves
wetlands) identified in paragraphs (a) through (f) of this definition. Waste
treatment systems, including treatment ponds or lagoons designed to meet
the requirements of CWA (other than cooling ponds as defined in
40 CFR 423.1 1 (m) which also meet the criteria of this definition) are not
waters of the United States. This exclusion applies only to man-made
bodies of water which neither were originally created in waters of the
United States (such as disposal area in wetlands) nor resulted from the
impoundment of waters of the United States.

Waterway: A channel for the passage or flow of water.

Wet well: A chamber used to collect water or other liquid which is generally pumped
out with the use of a pump.

Wetlands: An area that is regularly saturated by surface or groundwater and
subsequently is characterized by a prevalence of vegetation that is adapted for
life in saturated soil conditions. Examples include: swamps, bogs, fens,
marshes, and estuaries.

Wind break: Any device designed to block wind flow and intended for protection
against any ill effects of wind.
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