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Introduces the Grading Permit types and discusses the reasons and legislative
mandate for the grading permit program. It also summarizes the 20 permit steps
and describes the Grading Manual authorization.

Clarifies that a Professional Engineer shall prepare a Grading Plan, describes
Grading Plans types, and identifies related plans and permits that must be
addressed.

Provides guidance for the Design Engineer. Including the elements of an
effective Grading Plan, Design and sizing criteria for BMPs, Grading Drawing
requirements, and Grading Report requirements. Also includes detailed
instructions for preparing the drawings, report, and other documents that make
up the Grading Plan.

Describes the Grading Permit application process from the review and approval
of the Grading Plan documents to filling out the Permit Application, paying the
permit fee, and posting Fiscal Security.

Provides construction information for field personnel. Includes designation of
the Grading Manager, installation of Initial BMPs, the mandatory
Preconstruction Meeting, picking up the completed Grading Permit, the
construction inspection process, and violations and enforcement.

Describes the Initial Close-out Inspection, requirements for post construction
BMP’s, final inspections, removal of temporary BMPs, and the release of Fiscal
Security.

Addresses a streamlined process for the Low Impact Grading Permit.
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Section 1: Introduction

Washington City, (435) 656-6300

The Grading Manual

manner.

Eroded sediment can clog

downstream receiving 1.1 Washington City issues

permits for grading on
public and private
construction projects within
the City.

waters and cause algae
Who should use this manual?

blooms.

This manual provides guidance suitable for use by a wide
range of individuals involved in construction.

This Grading Manual
describes the permitting
program that has been .

e Developers, including their planners and engineers;

Contractors, including their engineers, estimators,

Sediment Pollution

Sediment, the settling out
of particles transported by
water, resulting from
excessive erosion is a
pollutant. Sedimentation
occurs when the velocity
of water is slowed
sufficiently to allow
suspended soil particles to
settle. Larger particles,
such as gravel and sand,
settle more rapidly than
fine particles such as silt
and clay.

adopted to promote
environmentally-sound
construction practices
water resources and
ensuring that future
development continues in
an environmentally sound

superintendents, foremen, tradesmen, and

subcontractors;

Municipal inspectors, building inspectors, code
enforcement officers, and public works staff.

The general public with an interest in grading, drainage,

and stormwater pollution.

Reasons for the Grading Program

1.2 The goal of the Grading
Permit program is to
implement effective
grading, drainage, and
erosion and sediment
control Best Management
Practices (BMPs) as a
standard for all land
disturbance activities.

Stormwater is runoff from
natural precipitation, such
as rain and snow and other
surface drainage. This
water recharges not only
the Virgin River and other
tributaries, but the
underground aquifers as

well. Stormwater is not
treated. Any pollutants that
are introduced as it flows
over the natural landscape
are discharged directly to
drinking water sources.

As a growing city, grading
is a primary source of water
pollutants in the form of
increased erosion and
sedimentation.

Soil erosion is the process
by which soil particles are
removed from the land
surface by wind, water, or
gravity. Most natural

erosion occurs at slow
rates. However, the rate of
erosion increases when
land is cleared or altered
and left unprotected.
Construction sites, if
unprotected, can erode at
rates in excess of one
hundred times the natural
background rate of
erosion.

Effective sediment control
begins with proper erosion
control, which minimizes
the availability of particles
for settling downstream.
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Construction Site Erosion

1.3.1 Erosion from Rainfall Impact. The impact of raindrops
on bare soil can cause erosion. On undisturbed soil
protected by vegetation or other cover, the erosion is
minimal. Construction activities increase the amount of
exposed and disturbed soil, which increases erosion
potential from rainfall.

1.3.2 Sheet Erosion. After rainfall strikes the ground, it flows in
a thin layer for a short distance. The distance of sheet flow
depends on slope, soil roughness, type of vegetative cover,
and rainfall intensity. Sheet flow erosion on undisturbed soils
is minimal. Construction disturbed soils are far more
susceptible. Sheet flows are capable of transporting soil
particles dislodged by the impact of raindrops onto bare
soil.

1.3.3 Rill and Gully Erosion. As runoff accumulates, it
concentrates in rivulets that cut grooves (rills) into the soil
surface. Rills generally run parallel to one another and to
the slope of the soil surface. If left unchecked, several rills
may join together to form a gully. Rills are small enough to
be stepped across, whereas a gully requires added effort to
be traversed. The rate of rill erosion can easily be one
hundred times greater than that of sheet flow, and the rate
gully erosion can easily be one hundred times greater than
rill erosion. Due to the significant amount of sediment
generated by rill and gully erosion, these types of erosion
must be given top priority for elimination, reduction, and
control.

1.3.4 Wind Erosion. Dust is defined as solid particles or
particulate matters which are predominately large enough
to eventually settle out from the air but small enough to
remain temporarily suspended in the air for an extended
period of time. Construction site dust originates from rock
and soil surfaces, material storage piles and construction
materials. It is generated by earth work, demolition, traffic
on unpaved surfaces, and strong winds. See Table 1-1.

Stream and Channel Erosion

1.3.5In general, one or
more of the following
factors that may occur
during construction can
change the hydrology of
the area to affect erosion
of the banks and bottoms
of natural drainage

channels:

e Soil clearing and re-
contouring may
increase the volume
and rate of runoff
leaving the site.

e Replacing pervious

natural ground with e  Construction activity
impervious cover erosion control in
increases runoff. streams and channels
downstream is a

e Detention basins used complex issue and is
to capture sediment usually best addressed
extend the duration of through a
flows leaving the site. comprehensive

drainage master plan.
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Examples of Dust Sources at
Construction Sites

1.3.6 Vehicle and
Equipment Use

e Vehicles and
equipment entering
and leaving the site

e Vehicle and
equipment movement
and use within the
project site

e Sediment tracking off-
site

e Temporary parking lots
and staging areas

. On-site construction
traffic

1.3.7 Exposed Areas

e Exposed soil that has
been cleared and
grubbed

e  Construction staging
Areas

. Vehicle and
equipment storage
and service areas

e  Material processing
areas and transfer
points

e  Construction roads
e Spilled materials
e  Construction stockpiles

e Soil and debris piles

1.3.8 Contractor Activities

. Land clearing and
grubbing

. Earthwork including soil
excavation, filling, soll
compaction, rough
grading, and final
grading

Dust Control plans will be

submitted as part of the

e Drilling and blasting
overall Grading Plan.

e  Materials handling,
including material
stockpiling, transfer,
and processing

. Batch dropping,
dumping

. Conveyor transfer and
stacking

. Material transfer

e  Crushing, miling and
screening operation

. Demolition and debris
disposal

e Tilling
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Federal and State Legislative Mandates

1.4 The need to protect our environment has resulted in
a number of laws and subsequent regulation and
programs. On this page, various federal, state, and
local programs are discussed.

The development, implementation, and enforcement
of the Washington City Grading Permit program is
mandated by both the Federal Government and the
State of Utah.

1.4.1 Federal National Pollutant Discharge Elimination
System (NPDES) Regulations

The federal Clean Water Act’s National Pollutant
Discharge Elimination System (NPDES) regulations
require that stormwater discharges from certain types
of facilities be authorized under discharge permits (40
C.F.R., 122.26) The goal of the NPDES stormwater
permits program is to reduce the amount of pollutants
entering streams, lakes, and rivers as a result of
stormwater runoff from residential, commercial, and
industrial areas.

The original 1990 regulation (Phase ) covered
municipal (i.e. publicly owned) stormwater systems for
municipalities with a population greater than 100,000.
The regulation was expanded in 1999 to include smaller
municipalities, including Washington City. The
expansion of the program is referred to as Phase Il.

Local

1.4.2 The Utah Department of Environmental Quality
(UTDEQ) is responsible for administering the state
stormwater management program. The Utah
stormwater program is closely modeled after the
federal National Pollution Discharge Elimination System
(NPDES) program, which requires stormwater be
treated to the maximum extent practicable (MEP).

Specific regulatory language governing the UPDES
program may be obtained at
http://www.rules.utah.gov/publicat/code/r317/r317-

008.htm#T2

Ordinances

1.4.3 Washington City is a
municipality with a NPDES
stormwater permits for its
own municipal separate

storm sewer system (MS4s).

As such, the City is
responsible for developing
a management program
for public and private
construction activities in
their jurisdiction.

The program addresses
appropriate planning and

construction procedures;
and ensures the
implementation, inspection
and monitoring of
construction sites which
discharge stormwater into
their systems.



The projects shown that

do not need a Grading
Permit are not free from
the obligation to control
erosion and sediment,
BMPs will still be
required in accordance
with the information
shown in the Grading

Manual.

1.5 Washington City
requires that a Grading
Permit be obtained prior to
the start of the following
land disturbing activities.

e Any project that
disturbs 1.0 acre or
more of land

e  Any project disturbing
less than 1.0 acres will
be eligible for a low
impact grading permit

. New development
and redevelopment
on sites less than 1.0
acre, except single
family detached
residential units.

1.5.1 Some types of project,
listed below, are exempt
from the Grading Permit
program.

. Routine agricultural
practices, including
tilling, planting,
harvesting, or livestock
operations

. Pavement repair on
public and private
roadways (although a
grading permit is not
required, erosion and
sediment control BMPs
and a right-way permit
are required

1.5.2 Grading Permits are
required for projects
meeting the above criteria
even if a Federal or State
agency or another

Installation of utility
lines outside the City
road right-of-way in
excess of 50 linear feet

Installation of utility
lines inside the City
road right-of-way in
excess of 200 linear
feet

Any clearing,
grubbing, grading or
filling operations
located or adjacent to
a drainageway

Fill or excavation of 50

or more cubic yards of
material, not related to
building of a

Emergency situations
that pose an imminent
risk to life or property,
such as hazardous
waste clean-up and
fire operations

Livestock grazing
Mowing

Weed control
Burning

Irrigation and
associated activities
including operation,
maintenance of

jurisdiction has approved
the project and issued a
permit for the work.
Examples include State
permitted mining projects

detached single family
residential unit

Temporary batch,
asphalt, and crushing
plants, even when
subject to a State
permit

Drilling sites, excluding
soil sampling for
geotechnical
investigations

Any project that the
City Public Works
Department
determines to have
potential impact to
the health, safety and
welfare of people
and/or the
environment

irrigation facilities,
ditch maintenance
and pumping, and
maintenance, and
operation of diversions
and headgate
structures

The projects that do not
need a Grading Permit are
not free from the obligation
to control erosion and
sediment; BMPs will still be
required in accordance
with the information shown
in the Grading Manual

and projects for which a
Nationwide or Individual
Section 404 permit has
been obtained from the
Corps of Engineers.



1.6 Washington City issues
two types of grading
permits.

1.6.1 Standard Grading
Permit A standard
Grading permit is required
for all of the land-disturbing
activities identified in
Section 2 other than the
activities qualifying for a
Low Impact Grading
permit.

1.6.2 Low Impact Grading
Permit Some land-disturbing

1.7 Typically, Grading
Permits are signed by both
the Owner and the
Contractor. Prior to
issuance of a Grading
Permit the Owner and the
Contractor are referred to
as “Applicants”. After the
Permit is issued, both are
considered “Permittee(s).

A permittee is any person
who is issued a Grading

1.8 The 20 steps involved in
the grading permit process
for Standard Grading
Permit are shown in Figure
1-1 on page 1-7. Figure 1-1
shows approximate
schedules for City reviews
and identifies portions of
Section 2 through 6 of the
Grading Manual for

activities may have a
negligible negative impact
on adjacent properties and
downstream receiving
water. For projects with a
disturbed area less than an
acre where insignificant
negative impact can be
adequately demonstrated
to the Public Works
Department, streamlined
submittal requirements
apply. If, after reviewing
the submitted information,
City staff concur that there
is low impact, a Low

Permit by the City. The
Permittee(s) are legally
responsible for compliance
with the Grading Permit. If
an Applicantis a
corporation, a manager or
officer of the corporation or
other authorized person
must sign the permit as the
Permitttee.

Permittee(s) undertaking
land-disturbing activities
are responsible for meeting

reference for information
on each step of the
Grading Permit Process.

The (insert) steps involved in
the Low Impact Grading
Permit are outlined in
Section 7.

Although the grading

Impact Grading Permit will
be designated for the
project.

Failure to meet the

requirements of a
Grading Permit may
lead to enforcement
action against

Permittee(s)

all of the requirements of
the City’s Grading Permit

Failure to meet the
requirements of the
Grading Permit may lead
to enforcement.

permit process is organized
into the distinct steps show
in the flowcharts, the
process as a whole is
intended to be dynamic,
responding to individual site
conditions to provide
effective erosion and
sediment control during
construction.
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Fig. 1-1 Washington City Grading Permit Process
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1.9.6 If special districts
impose more stringent
criteria, differences are not
considered conflicts. When
differences arise, the more
stringent requirements shall
apply. If the Federal or

State government imposes
stricter criteria, standards or
requirements, these shall be
incorporated in the City’s
requirements after due
process and public
hearing(s) needed to

1.9 The Grading Manual is authorized by the Washington
City’s City Council through ordinance.

1.9.1 Jurisdiction. The Grading Permit Program shall apply to
all land within the incorporated areas of Washington City.

1.9.2 Amendments and Revisions These policies and criteria
may be amended and revised as new technology is
developed and experience is gained.

1.9.3 Enforcement Responsibility The City Council acting
through the Public Works Department shall enforce the
provisions of the Grading Manual.

1.9.4 Reviews and Acceptance. The City shall review all
Grading Plan submittals for general compliance with the
criteria contained in the Grading Manual. An acceptance
by the City does not relieve the Permitttee(s) or Design
Engineer from responsibility of ensuring that calculations,
plans, specifications, construction and as-built drawings are
in compliance with the Grading Manual. Additionally,
acceptance by Washington City does not alleviate the
Permittee(s) or Design Team from complying with other
applicable Federal, State, Local, or Tribal laws and
regulations.

1.9.5 Interpretation. In the interpretation and application of
the provisions of this Grading Manual, the following shall
govern: Whenever a provision in these criteria and any
other provision of the Washington City Subdivision
Regulations or any provision in any law, ordinance,
resolution, rule or regulation of any kind, contain any
restrictions covering any of the same subject matter,
whichever are more restrictive or impose higher standards
shall govern. In the event that there is a discrepancy in the
interpretation of the Grading Manual, the Public Works
Department shall have the final determination of the intent
of the Grading Manual.

before the effective date
of the Grading Manual or
any easement or
covenant.

modify City regulations,
standards, and ordinances.

The Grading Manual shall
not abrogate or annul any
permits or accepted
drainage reports and
construction plans issued



Section 2: Getting Started

2.0 Overview

Section 2 addresses Steps 1 through 3 in the grading process

To schedule time a pre-
submittal meeting contact
the City Public Works
Department at 656-6317
two days in advance.

Other Permits

Discussion of other permits
in this manual is not
intended to replace other
manuals and technical
bulletins. Each applicant is
responsible to obtain any
additional permits required
by City, State or Federal
law.

Section 2.1, Projects that require a low-impact or Standard Grading Permit, identifies the kinds
of projects that require either a Low Impact or a Standard Grading Permit as detailed in
sections 1-5 and 1-6.

Section 2.2, Who Prepares Grading Plans?, confirms that a Grading Plan must be prepared
under the responsible charge of a licensed Professional Engineer. This section emphasizes the
value of continued training in the field of construction site erosion and sediment control.

Section 2.3, Pre-submittal Meeting, recommends applicants schedule a pre-submittal
meeting with city staff at the beginning of the process to clarify Grading Permit requirements.
A pre-submittal meeting, although optional, gives city staff an opportunity to understand the
Applicant’s plans for the site and to offer guidance in developing a Grading Plan.

Section 2.4, Types of Grading Drawings, discusses two types of Grading Drawings and their
submittal formats. Depending on the size and nature of the construction project, either a Low
Impact or Standard Grading Permit is required.

Section 2.5, Other City Plans and Permits, describes the related plans and permits that may
need to be submitted along with the development of a Grading Plan, including the
following:

. Construction Plans for the Project

. Drainage Plans

. Single Family Residential

. Right-of-Way and Construction Permit

e Temporary Construction Access Permit

. Floodplain Development Permit

Section 2.6 discusses State Permitting.

Section 2.7 discusses Federal Permitting.
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STEPS 1-3: GETTING STARTED

Step 1: Confirm a Permit is Needed

2.1: The first step in the
Grading Permit process is to
examine the information on
page 1-5 to confirm that a
Low Impact or Standard
Grading Permit is required
for the project. The
Standard Grading Permits

YA

If a Low Impact Permit is

required, see Section 7 for
applicable permit steps
and information.

apply to most land
disturbing activities in the
City other than small (less
than 1 acre) projects with
negligible negative impact
(requiring a Low Impact
Grading Permit) and most
agricultural or emergency
activities.

Washington City Public
Works Department can be
contacted to clarify
Grading Permit
requirements and to help
interpret which Grading
Permit, if any, applies to a

particular project.

Step 2: Retain a Professional Engineer

2.2: Designing erosion and
sediment controls on a site
may involve engineering
issues such as embankment
stability and spillway sizing,
pipe strength calculations,
and peak discharge
estimates and hydraulic
computations.

Consequently, Washington
City requires that Grading
Plans be prepared by or
under the responsible

charge of, and signed and
stamped by, a Professional
Engineer registered in the
Sate of Utah. For the
purpose of this manual the
Professional Engineer is
referred to as the Design
Engineer. Non-PEs with
experience in erosion and
sediment control may assist
in the development of a
Grading Plan, but they
must conduct their work
under the supervision of the

Design Engineer. Itis the
responsibility of the design
engineer to use
professional judgment in
the development of the
grading plans. If the Design
Engineer determines that
any Grading Plan
requirements, as applied to
their specific project, pose
a safety hazard, it is the
Design Engineer’s
responsibility to notify
Washington City of these
issues, as well as to
recommend an approach
to alleviate the concerns.

The Design engineer is
responsible for preparing
the Grading Plan in
accordance with the
requirements of this
Grading Manual and is one
of the key personnel who
should attend the on-site
pre-construction meeting
at the start of the
construction phase.

If a Grading Permit is
not required, the
process described is
not applicable;
however, BMPs shall still
be required in
accordance with the
information shown in

the Grading Manual.

Design
Engineer
A professional engineer

registered with the State
of Utah.

A

Washington City highly
recommends that the
Design Engineer attend
the Pre-submittal meeting
to reduce delays in the
start of construction.
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Step 3: Drawings Needed

A

The final three sheets of
the grading plan should
describe the erosion and
sediments control
measures to be used.

Sheet ESC-A: Pre-
construction BMPs.

Sheet ESC-B:
Construction BMPs.

Sheet ESC-C: Post-
construction BMPs.

Discussion of other

permits in this manual is
not intended to replace
other manual and
technical bulletins.
Each applicant is
responsible to obtain
any additional City,
State or Federal

permits.

2:3: A Pre-submittal
Meeting with City staff is
recommended prior to
preparing Grading Plans
and other submittal
documents for a proposed
construction project. The
meeting will make City staff
available to clarify
guestions regarding the
Grading Permit Program
and discuss what related
plans and permits may be
required. Also, staff will
discuss the general
configuration of controls
that may be appropriate
for the site.

The City highly
recommends that the
Grading Plan Design
Engineer attend the Pre-
submittal Meeting. The
Owner or Owner’s
representative shall bring

Other Permits

2.5: When applicable,
Grading Drawings shall be
submitted with other
necessary plans and
permits.

2.5.1: The Grading Plan
shall be submitted
concurrently with, or
included within, the
construction plans for a
proposed construction
project, when applicable.
The submittal package will
include an acceptable
form of plat or
improvement plan,
construction plans,
drainage report, traffic
study, geotechnical report,
and payment of

the following information to
the meeting.

e Name, type, and
location of
development.

e  Brief description of site
topography and
drainage features.

e Size of development
site and anticipated
disturbed area, in
acres

e Anticipated plans and
permits to accompany
the Grading Plan.

2.4: The grading drawings
shall comply with Appendix
J of the International
Building Code (IBC).

The final three sheets of the
grading plan should

applicable City fees.

2.5.2: Projects that include
use of or construction in the
city right-of-way must
obtain an Encroachment
Permit. Information on
Right-of-Way Use and
Construction permitting is
found in the Washington
City Standard Drawings
and Detaiils.

2.6: The State of Utah
requires permits for
construction related
activities, which are in
addition to permitting
requirements for
Washington City. The
applicants or the design

describe the erosion and
sediment control measures
to be used as follows:

e Sheet ESC-A: should
describe in detail the
pre-construction BMPs
to be used.

. Sheet ESC-B: should
describe in detall
construction BMPs.

. Sheet ESC-C: should
detall the post-
construction BMPs that
will be employed on
the site.

Sample ESC-A, ESC-B, and
ESC-C erosion and
sediment control measures
sheets are included in
Appendix A of this manual.

engineer shall contact the
State of Utah Department
of Water Rights, a division
of the State of Utah Natural
Resources for specific State
permitting information for
their projects.

2.7: Applicants are
responsible for complying
with applicable Federal
permitting. This may
include, but is not limited to
the FEMA map revision
process, the Department of
the Army Corps of
Engineers Section 404
Permit, US Fish and Wildlife
Service, Threatened and
Endangered Species
Clearance, and Wetlands.



Section 3: Preparing a
Grading Plan

Section 3 is oriented toward the Grading Design Engineer and addresses Step 4 in the Grading Plan process.

Special Interest

BMP Grading Plan
Standard Notes and
Details: A standard set of
Grading Plan Standard
Notes and Details has been
prepared to establish a
consistent approach to
BMP implementation in the
City. These shall be
attached to each Grading
Drawing Set.

Individual Highlights
BMPs 2

Ten Elements of an
Effective Grading Plan 5

Special Requirements for
Utility Construction 17

Standard Grading Plan
Requirements 18

Grading Report

Requirements 22
BMP Cost Issues 23
Variances 23

o

Section 3.1, Best
Management Practices,
identifies a number of
standard BMPs accepted
for use in Washington City
to control erosion and
sediment on construction
sites.

Section 3.2, Ten Elements
of an Effective Grading
Plan, presents a systematic
approach to select BMPs
for a Grading Plan. The Ten
Elements are described in
Sections 3.2-3.12

Section 3.13, Special
Requirements for Utility
Construction, describes
particular objectives for
utility construction.

Section 3.14, Standard
Grading Plan Drawing
Requirements, lists detailed
information to include on
Grading Plans.

Section 3.16, BMP Cost
Issues, discusses issues
associated with the
installation and
maintenance of BMPs.

Section 3.17, Variances,
provides guidance for
requesting variances to the
criteria presented in the
Grading Manual.

3.0 Overview

Step 4

| —
Washington City
Best Managment Practices
Grading Plan Standard Notes and Details

Public Works Department

Gonding nd Draugs  Hysisbegy Massal
Memest

SNE=

The Washington City Best
Management Practices Grading
Plan Standard Notes and Details
provides a complete set of details
and comprehensive installation
and maintenance information for
accepted BMPs.

Itis available as a separate
publication at the Washington City
offices. It is also available for
download at the Washington City
website.

http://www.washingtoncity.org/
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BMPs

Best Management
Practices (BMPs) are
structural or non-structural
devices designed to
temporavily store or treat
urban stormwater runoff
in order to mitigate
flooding, reduce pollution
and provide other
amenities.

YA

All BMPs shall be
indicated in the Grading

Plans as being part of the
Initial Stage, Construction
Stage, or Post-
Construction stage of
construction.

CE:\'TER FOR

WATERSHELT
PROTECTION

The 7 Step Guideline
Process was developed by
the Center for Watershed

Protection

STEP 4: PREPARE A GRADING PLAN

Best Management Practices

3.1 The Grading Manual
describes standard BMPs
acceptable to Washington
City. These BMPs are shown
in Table 3-1.

3.1.1Standard Detail
Number and Identifier. The
number indicated in the
first column of Table 3-1
corresponds to the number
of the standard
construction detail shown in
Washington City’s BMP
handbook. BMPs are called
out on a Grading Drawings
using the two or three letter
identifier and symbol shown
in the BMP legend.

3.1.2 Type of Control. Three
general types of BMPs are
shown.

. Construction Control.
These BMPs are related
to construction access
and staging.

. Erosion Control. These
BMPs are used to limit
the amount and
extent of erosion.

e Sediment Control.
Sediment control BMPs
are designed to
capture eroded
sediments prior to their
conveyance off site.

3.1.3 Phase of Construction.
The BMPs listed apply to
one or more of the
following construction
phases. All BMPs shall be
indicated in the Grading
Drawings as being part of
the Initial Stage,
Construction Stage, or Post-
Construction Stage of
construction. This is to help
clarify when each BMP is to
be installed.

Initial Stage. These BMPs
shall be installed at the

outset of construction, prior
to the initial pre-
construction meeting and
any other land-disturbing
activities. Initial controls are
to be placed on existing
grades, but shall be based
in part on proposed
grading operations.

Construction Stage

These BMPs shall be based
on proposed grades and
drainage features and are
installed after initial site
grading. For some BMPs
such as Inlet Protection,
interim controls are installed
after the construction of
site infrastructure.

Post-Construction Stage.
BMPs shown in the post-
construction stage Grading
Drawings shall be installed
as one of the last steps in
the construction process,
such as final seeding and
mulchina.

Guideline Questions for Selecting BMPs

3.14

Step 1: Land Use. Which practices are best suited for the proposed land use at this site?

Step 2: Physical Feasibility Factors. Are there any physical constraints at the project site that
may restrict or preclude the use of a particular BMP?

Step 3: Climate/Regional Factors. Are there any regional characteristics that restrict or
modify the use of certain BMPs?

Step 4: Watershed Factors. What watershed protection goals need to be met in the

resource where my site drains?

Step 5: Stormwater Management Capability. Can one BMP meet all design criteria, or is a
combination of practices needed?

Step 6: Pollutant Removal. How does each of the BMP options compare in terms of

pollutant removal?

Step 7: Community and Environmental Factors. Do BMPs have important community or
environmental benefits or drawbacks that might influence the selection process?



Construction

No BMP ID Control Type Initial Stage Stage
1 Check Dam cD Sediment

2 Concrete Washout cwW Construction
4 Earth Dikes and Drainage Swales ED Construction
5 Entrance/Outlet Tire Wash EOT Construction
6 Fiber Rolls FR Sediment

7 Geotextiles and Mats GM Erosion

8 Gravel Bag Berm GBB Sediment

9 Hydraulic Mulch HM Erosion

10 Hydroseeding HS Erosion

11 Rip Rap RR Erosion

12 Sandbag Barrier SBB Sediment

13 Sediment Basin SB Sediment

14  Sediment Trap ST Sediment

15  Silt Fence SE Sediment

16 Slope Drain sD Erosion

17 Soil Binders SB Erosion

18  Stabilized Construction Entrance SCE Sediment

19 Stabilized Construction Roadway SCR Sediment

20  Storm Drain Inlet Protection SDP Sediment

21  Straw Bale Barrier SWB Sediment

22 Straw Mulch SM Erosion

23 Street Sweeping and Vacuuming sV Sediment

24 Velocity Dissipation Device VD Erosion

25  Wind Erosion Control Sediment

WE

Post-
Construction
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The Washington City Best
Management Practices Grading
Plan Standard Notes and Details
provides a complete set of details
and comprehensive installation
and maintenance information for
accepted BMPs. It is available for
download at the Washington City

website.

http://www.washingtoncity.org/

3.1.7 The Standard Notes
and Details serve several
purposes.

Increased Consistency.
Consistent details and
notes for a standard set of
BMPs will increase the
likelihood that BMPs will
function effectively and wiill

be installed and
maintained correctly.

Time Savings. The set of
standard drawings will save
the Design Engineer the
effort associated with
developing and drawing
their own notes and details.
Less time will be needed to

3.1.5 When preparing
Grading Drawings, the
Design Engineer shall use
the standard BMPs shown in
Table 3-1. These BMPs have
proven effective under
actual construction site
conditions within
Washington City and are
therefore accepted for use.

The Grading Drawings
submitted to the City for
final signatures and
subsequently provided to
the Contractor as
construction drawings shall
include a set of the
Grading Plan Standard
Notes and Details. Other
details shall not be used.

3.1.6 The Public Works
Department recognizes
that there will be new
advances in the
development of erosion
and sediment control BMPs
that may prove effective.
Washington City will
consider alternative BMPs
on an individual basis.

Washington City reserves

review plans and inspect
the BMPs, and as field
personnel gain experience
constructing the standard
BMPs, it is anticipated that
installation and
maintenance will become
more efficient.

Definition of sizing

The Washington City Best
Management Practices:
Grading Plan Standard
Notes and Details is a
complete set of details for
these accepted BMPs. It
provides comprehensive
installation and
maintenance information
for all accepted BMPs

The Best Management
Practices: Standard Notes
and Details comprise
minimum measures to be
adhered to on a
construction site. The
Permittee(s) and Design
Engineer may select more
conservative approaches
than indicated herein and
exceed minimum criteria.

the right to reject any BMP
proposed, either in the
initial, construction, or post-
construction stages if the
BMP does no perform with
sufficient effectiveness. In
case of rejection,
Washington City may
replace the unsuccessful
BMP with a standard BMP
listed in Table 3-1 at the
Owner’s expense.

variables. The standard
details identify the critical
variables that the Design
Engineer must specify on
the Grading Plan to locate
and size the BMPs. This will
reduce the likelihood that
information will be missing
or unclear, or that BMPs are
imoroperlv sized.



3.2 This section describes a
systematic approach to
control erosion and
sediment on a construction
site. Ten elements of an
effective grading plan are
summarized; Washington
City requires that each of
these elements be
addressed in a Grading
Plan.

A set of example grading
drawings (shown in
Appendix B) have been
prepared in accordance
with the Ten Elements to
illustrate the concepts
discussed herein and
depict the information that
shall be shown on Grading
Drawings.

Figure 3-2 relates the Ten
Elements to the example
Grading Drawings.

3.2.1 The following
information has been
included in the Grading
Manual or other
publications to assist the
Design Engineer in

developing a Grading Plan:

Sections 3.2-3.12 Describe
the Ten Elements of an
Effective Grading Plan that
shall be addressed when
preparing a Grading Plan

Sections 3.14-3.15 describe
information that shall be
provided in the Grading
Drawings and Report.

1. Preserve and stabilize drainageways

2. Avoid clearing and grading sensitive areas

3. Balance earthwork on site

4. Limit grading phase size to reduce soil

exposure

5. Stabilize exposed soils in a timely manner

6. Implement effective perimeter controls

7. Use sediment basins for areas exceeding 1.0

acre

8. Protect steep slopes

9. Protectinlets, storm sewers, and culverts

10. Provide access and general construction

controls

Appendix B provides
example Grading Drawings
for each type of Grading
Plan.

Appendix C provides a
detailed checklist that shall
be followed when

developing a Grading Plan.

The Washington City Best
Management Practices
Grading Plan Standard
Notes and Details that shall
be provided with all
Grading Drawings are
available at the City offices
or on the City website.

-

| - |
Washington City
Best Managment Pr

fices

Publc Yo Departmant

oy

http://www.washingtoncity.

org/

(H ENTER FOR
HURESHaR
These ten elements are
based in part on work
published by the Center
for Watershed Protection,
a nonprofit group
specializing in stormwater
quality research and
education. The Ten
Elements are designed to
reduce the amount and
duration of erosion and
trap most sediments that
do erode prior to leaving

the site.
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Fig. 3-1 Ten Elements of an Effective Grading Plan

EHement 1. Preserve and
Stabilize Droinageways

Element 2. Avoid the Clearing
and Groding of Sensitive Arecs

Elernent &. Implerment
Effective Fermeter Controls

Elernent 8. Profect :,;;J.-,_'f?.-
Steep Slopes £ f P

Elernent 4. Lirmnit fhe Size of h
Grading Phoees to

T

i

Elerment 7. Use Sediment Bcsins
for Arecs Exceeding 1.0 Acres

ALLIANCNCONSULTING
AParring ol Enginecring Fim

Element 10, Provide
Access and Genercl
Construction Confrols

1 [ 18
3 [t o [a

EF
ELF

[rarwieng ang Engiresring Firm

—+

0> JIANCE CONSULTING

7\_
0w
5
L
T

Elemen
Ecrttwyorl

Reduce Soil Exposure

Element 9. Protect Inlets,
Storm Sewers, and Culverts

Soils In aTimely Maonner

Bement 5. $tobilize Exposed

A Parwing and Enginessing Firm

ALLIANCE CONSULTING




3.3 Work in drainageways requires special care and attention. Drainageway corridors
comprise an important natural resource with habitat, open space, and aesthetic value.
Since drainageways also function to convey stormwater runoff, they are susceptible to
damage from the erosive forces of water, especially if they are disturbed. It is critical that
construction activities be designed to reduce any adverse impacts to drainageways and
that City State, and Federal permitting processes be complied with.

3.3.1 Drainageways shall not be filled, regarded or realigned. Existing drainageways shall not
be filled within the limits of the 100-year floodplain or the existing top of banks of incised
channels, whichever is more restrictive, without the approval of Washington City. The design
Engineer shall define 100-year floodplain on all drainageways not defined by FEMA. If
riparian vegetation, desirable habitat, or other stream resources exist beyond the limits of
the 100-year floodplain, consideration shall be given to avoiding impacts to those areas as
well. Existing drainageways shall not be regarded or realigned without the approval of the
City. Physical barriers, such as fencing, shall be required to limit access into stream corridors.
Perimeter sediment controls shall be implemented to protect drainageways.

All existing drainageways on the site shall be delineated on the Grading Drawings to the limit
of their 100-year floodplains (based on future development peak discharges.) Limits of
construction shall be clearly shown on the Grading Drawings to indicate the exact limits of
grading adjacent to a drainageway and to delineate the limits of the undisturbed riparian

corridor.

3.3.2 2 foot freeboard
above the 100-year
Floodplain shall be
provided. Floodplain
elevations can rise over
time due to the following:

Under no circumstances
shall broken concrete and
asphalt be used for bank
stabilization.

Increased baseflows
and runoff from
development can
promote increases in
growth of wetland and
riparian vegetation,
making drainageways
hydraulically rough
and leading to higher
flow depths.

Stream stabilization
work can raise the bed
of the drainageway at
the crests of drop
structures and flatten
the channel slope,
leading to higher flow
depths.

Upstream bank erosion

or watershed erosion,
flatter slopes, or
increased channel
vegetation can lead
to sediment deposition
and channel
aggradation, raising
the streambed and
floodplain elevation.

These conditions are
generally positive, since
they slow flow velocities,
improve stream stability,
and enhance water quality
through sediment trapping.
For these conditions to
occur over time without
jeopardizing properties
during floods, a 2’
freeboard must be
provided at the outset of
development.

3.3.3 Existing Drainageways
Shall Be Stabilized. It may
be impossible, or
undesirable, to avoid all

Existing drainageways

shall not be filled within
the limits of the 100-
year floodplain or the
existing top of banks of
incised channels,
whichever is more
restrictive, without the
approval of Washington
City. Existing
drainageways shall not
be regraded or
realigned without the

approval of the City.

construction in an existing
drainageway. Most natural
channels cannot be left in
their predevelopment
condition. Increased runoff
from development can shift
the natural balance of a
stream over time, tending
toward degradation and
bank erosion as the stream
tries to flatten its grade.

Grade control features are
usually necessary to reduce
the channel slope to future
equilibrium conditions and
to control flow velocity.
Bank or toe protection may
also be necessary to
reinforce weak, unstable
channel banks. Grade
control structures and other
channel stabilization
improvements shall be
designed according to the
criteria shown in the
Hydrology Manual.
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Element 1: Preserve and Stabilize Drainageways

3.3.4 Disturbance to Existing
Drainageways Shall be
Minimized and Quickly
Restored. In addition given
to the construction of
grade control and bank
stabilization improvements,
there may be other
unavoidable instances
where construction must
occur in existing
drainageways. Examples
include bridges and
culverts for road crossings,
utility crossings, storm sewer
outfalls, and temporary
stream crossings for
construction access.
However, it is critical that
construction disturbance
within drainageways be
minimized and quickly
restored.

When construction within a
drainageway is
unavoidable, the Design
Engineer shall delineate
construction limits that
restrict activities to the
smallest area possible.
Construction Fence (CF) or

Construction Fence (CF)
consists of orange plastic
fencing material, or other
Washington City
approved material,
attached to support posts
and used to limit access
to the construction site.

3.3.5 Construction Marker
(CM) shall be indicated on
the Grading Drawing within
the drainageway corridor
to indicate the allowable
limits of disturbance. In the
same manner, construction
fence or construction
markers shall be shown
throughout the site to
identify all limits of
construction (along all
perimeters of the site, along
all stream corridors to be
preserved, and around any
other preservation zones).
Coordinates or other
information shall be
provided to establish the
location of the fence.

If disturbance to a
drainageway is significant,
such that excessive
amounts of sediment may
be transported
downstream, a Check Dam
(CD) reinforced or non-
reinforced, shall be installed
immediately downstream
of the disturbed area in the
drainageway. If several

A Check Dam (CD) is a
small rock dam, designed
to withstand overtopping,
that is placed in a stream
or drainageway. The
purpose of the check
dam is t trap water-borne
sediment in the
backwater zone upstream
of the check.

areas of disturbance are
located in close proximity,
one check dam at the
downstream end of the
construction may be
appropriate. Generally,
BMPs shall be configured to
control erosion and trap
sediment outside of the
limits of drainageways to
enable check dams to be
used infrequently. Sizing
criteria for check dams is
provided in the Best
Management Practices
and Standard Grading
Notes and Details
Handbook.

Crossing drainageways with
construction equipment
requires a Temporary
Stream Crossing (TSC).
Temporary stream crossings
shall be limited to one per
2000 lineal feet of
drainageway unless
otherwise approved by the
City.

As soon as possible after
construction of facilities in

A Temporary Stream
Crossing (TSC) consists of
rock layer placed
temporarily in a stream to
allow construction
equipment o cross. A
stream crossing may
include culverts or provide

a low-water crossing, or
fard

drainageways, or after
removal of a temporary
stream crossing, all
disturbed areas within
streams and drainage
channels shall be rip-
rapped, unless otherwise
approved. Additional
plantings shall be
considered to enhance
channel stability, habitat,
and aesthetics. Rip-rap
shall be required on all
channel banks to 1 foot
above the 100-year
floodplain.

The Design Engineer shall
indicate approximate limits
of rip-rap on the Grading
Drawings. These limits shall
extend to the tops of the
banks. Additional design
information is available in
the Best Management
Practices Grading Plan
Standard Notes and Details
Handbook.

Rip-Rap (RR) is a
permanent erosion-
resistant ground cover of
large loose angular stone
with filter fabric or
granular underlining.
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Element 1: Preserve and Stabilize Drainageways

3.3.6 Any New Drainageway Shall Be Designed and
Stabilized. Even after existing drainageways are
identified and preserved, new development projects
usually require a additional network of small
drainageways, swales and storm sewer facilities. During
grading operations, prior to the construction of storm
sewer facilities, additional temporary ditches or dikes
may be necessary to control site stormwater runoff.

Upgradient properties will generate runoff that may
need to be intercepted and conveyed through the site
in drainageways that don’t necessarily correspond to
existing stream channels. Off-site flow impacts the
layout of perimeter drainage facilities and starts to set
the location and size of the on site drainage network.

Permanent drainage facilities, including roadside
ditches, shall be designed and stabilized according to
the Washington City Hydrology Manual.

Temporary diversion ditches may be necessary at
upslope and down slope perimeters, at the top of
steep slopes, and downstream of slope drains.
Diversion Ditches (DD) shall be located, sized and
stabilized according to the criteria set forth in the
Hydrology Manual and the Best Management
Practices Handbook.

Stream stabilization improvements
shall limit disturbance and retain a
natural character.

A Diversion Ditch (DD) is a
small earth channel used
to divert and convey
runoff. Depending on
slope, the diversion swale
may need to be lined with
erosion control matting,
plastic (for temporary
installations only) or rip-
rap.

Washington City
Hydrology Manual

g publicafion of fhe

Public Works Department

The Washington City Hydrology
Manual provides detailed
hydrologic information for use in
preparing drainage and grading
plans.

It is available at the Washington
City offices and for download at
the Washington City website.

http://www.washingtoncity.org/
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A Design Engineer can go
farther than preserving
critical resource areas;
other open space areas
can be left undisturbed
and exempt from clearing
and grading options.

STEP 4: PREPARE A GRADING PLAN

The technique of mapping
out areas of the site that
can be left undisturbed,
termed “fingerprinting” can
reduce grading costs and
contribute to the ultimate
value of the development.

Element 2: Avoid the
Clearing and Grading of
Sensitive Areas

3.4 In addition to drainageways, other sensitive resources
may exist on a site. These could include:

e Protected habitat for threatened or endangered
species

e  Wetlands

e Nesting bird habitat

e Riparian corridors

e Forested areas

e  Mature cottonwood stands

. Bedrock outcroppings

e Steep slopes and ridges

e Potential stormwater infiltration areas

. Historic, cultural, or archeological resources

e Areas of unique or pristine vegetation, habitat, or
landform

A resource inventory should be conducted for the site
including the location, areal extent, and type of resources,
including stream floodplains.

Disturbance to sensitive resource areas shall be avoided or
minimized. Destroying or disturbing wetlands, nesting bird
habitat, and protected habitat for threatened or
endangered species is sharply restricted; these restrictions
shall be addressed through the appropriate Federal or State
agency permitting process.

The Grading Drawings shall
clearly show limits of
construction and shall call
out Construction Fence
(CF) or other approved
means to protect resources
that are to be preserved.




Development projects

are required to balance
earthwork on site.

If this requirement is not
met, BMPs will be
required to be
significantly more

stringent.

3.5 To reduce impacts on
City roadways,
development projects are
required to balance
earthwork quantities on
site.

In the event that it is
impractical to balance
earthwork quantities, a
variance shall be
requested during the
review of the Grading
Drawings. The variance
shall address the following,
at a minimum:

. Reason for variance

. Amount of material to

3.6 Washington City
strongly recommends that
large projects (over 40
acres) conduct phased
grading operations.

During construction, each
grading phase shall be
accepted by the Grading
Inspector prior to starting
work on the next phase.
Seeding and crimp
mulching shall be
completed within five days
of the Grading Inspector’s
acceptance of the phase
or a Stop Work Order shall
be issued.

The following list comprises
the Design Requirements
for Phased Grading:

be imported or
exported

Location of disposal
site if export or source
site if import

Grading Permit
numbers for disposal or
source sites

Detailed haul route

BMPs for variant projects
will be required to be
increase the size of the
stabilized staging area
(SSA) and in some cases will
be required to provide
Vehicle Tracking Control
with Wheel Wash (WW)
and/or Street Washing
(SW). Sizing information is
available in the BMP
Handbook.

plan and traffic control

plan for haul route

Type and number of
trucks required to
complete import or

If the variance is accepted,
Grading Drawings shall be
prepared for the import or
export site in accordance
with the Grading Manual

export and additional Fiscal
Security shall be required.

1. Determine the number of grading phases.

2. Clearly identify sequence of construction of each
phase and entire project on drawings.

3. Balance earthwork within each phase, if possible.

4. Locate temporary stockpiles and staging areas in
each phase to prevent additional soil disturbance.

5.  Accommodate water/sewer and other utility
construction within each phase.

6. Incorporate road segments, temporary turn-
arounds, and emergency access within each
phase.

7. Segregate temporary construction access in each
phase from access for permanent residents.

8. Show both the temporary and permanent
stormwater management facilities in each phase.

9. Develop Initial, Construction and Post-Construction
Drawings for each Phase

10. Ensure that the Grading Plan for later upstream

phases address potential impacts to already
completed downstream phases.
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Element 5: Stabilize Exposed Solls in a
Timely Manner

3.7 All areas disturbed by
construction shall be
stabilized as soon as
possible to reduce the
duration of soil exposure
and the potential amount
of erosion. Unless otherwise
approved, Washington City
requires that disturbed
areas be seeded and
crimp mulched, or
permanently landscaped,
within 30 days from the start
of land disturbance
activities or within 7 days of
substantial completion of
grading and topsoiling
operations, whichever
duration is shorter. Topsoll
stripping, stockpiling, and
re-spreading in areas to be
vegetated shall be a
mandatory practice called
for in all Grading Drawings.
Adequate “footprints” for

Surface Roughening (SR)

consists of creating a
series of grooves or
furrows on the contour in
all disturbed, graded
areas to trap rainfall and
reduce the formation of rill
and gully erosion.

topsoil stockpiles shall be
shown assuming stockpile
slopes are no steeper than
3:1.

The BMPs applicable to
stabilizing soils consist of
Surface Roughening (SR),
Seeding and Mulching
(SM), Erosion Control
Blanket (ECB), and
Compost Blanket (CB).

Surface roughening shall
be shown for all disturbed
areas and drill seeding and
crimp mulching shall be
shown for all areas that
shall not be paved,
sodded, landscaped or
otherwise stabilized in an
approved manner.

Compost blanket may be
considered as an
alternative to erosion

Seeding and Mulching
(SM) consists of seeding
disturbed areas and
crimping in straw mulch to
provide immediate
protection against
raindrop and wind erosion
and, as the cover
becomes established, to
provide long-term
stabilization of exposed
soils.

control blanket and crimp
mulch for stabilizing
exposed soils.

“Surface roughening shall

be shown for all areas that
shall not be paved,
sodded, landscaped or
otherwise stabilized in an

approved manner.”

Compost Blanket (CB)
consists of a layer of Class
| compost spread over
prepared, seeded topsoil
in non-concentrated
areas to protect exposed
soil against raindrop and
wind erosion and to
provide an organic soil
amendment to promote
the establishment of
vegetation.
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Element 6: Implement Effective Perimeter Controls

3.8 Effective perimeter
controls consist of upslope
and downslope BMPs.

3.8.1 Upslope Perimeters. If
the upstream off-site area is
developed, runoff will
generally enter the site at
one or more discrete
outfalls; drainage facilities
shall be sized and stabilized
to convey off-site runoff
through the site. The Design
Engineer should consider
the need for a Construction
Fence (CF) to discourage
public entry to the site
during construction.

If the upstream off-site area
is undeveloped, runoff may
enter the site in a defined
natural channel or via
sheet flow (or both). Runoff
in existing channels shall be
conveyed through the site
in a stabilized stream or
drainage channel. Runoff
entering the site via sheet
flow shall be capture in a
Diversion Ditch (DD) and
directed to a stream or

A Reinforced Rock Berm
(RRB) is a linear mass of
gravel enclosed in wire
mesh to form a porous
filter, able to withstand
overtopping. The berm
promotes sediment
deposition on its upstream
side.

drainage channel.
Diversion ditches that have
mild slopes may be unlined,
whereas steeper ditches
and rundowns must be
lined with erosion control
blanket (for moderate
slopes), plastic (temporary
installations only), or rip-rap.
For detailed information on
mild and moderate open
channels please see
Chapter 7 of the Hydrology
Manual.

A Temporary Slope Drain
(TSD) conveys runoff down
a channel bank or slope to
the bottom of a drainage-
way. When diversion
ditches intersect a slope or
channel bank, a temporary
slope drain, consisting of
pipe, plastic, or rip-rap shall
be required to convey
diverted water from the
diversion ditch down the
slope or channel bank.

3.8.2 BMPs apply to the
downslope perimeters of
construction disturbance

A Fiber Roll consists of a
cylindrical bundle of
wood, coconut, compost,
excelsior, or straw fiver
designed to form a semi-
porous filter, able to
withstand overtopping.
The log can be staked
into the ground and
promotes sediment
deposition on its upstream
side.

(generally the downhill site
perimeters), perimeters
along drainageways, and
downslope perimeters
adjacent to other areas to
be left undisturbed.
Sediment controls shall be
located as close to the
source of erosion as
possible, on the downslope
side of any disturbed area.

If the upstream disturbed
drainage area is less than
1.0 acre, a Reinforced Rock
Berm (RRB), Fiber Roll (FR),
Silt Fence (SF), or a
Diversion Ditch (DD), shall
be shown along the
perimeter.

Construction Fence (CF) is
also recommended along
the downslope perimeters if
the adjacent area is
developed or consists of a
public use area.

In drainageways with an
upstream watershed area
of 20 acres or more that
exit the site and where

Silt Fence (SF) is a
temporary sediment
barrier constructed of
woven fabric stretched
across supporting posts.
The bottom edge of the
fabric is placed in an
anchor trench that is
backfilled with
compacted soil.

disturbance is such that
excessive amounts of
sediment may move
downstream, a Check Dam
(CD) isrecommended at
the downgradient
perimeter. For areas
exceeding 130 acres a
Reinforced Check Dam
(RCD) is recommended. In
disturbed drainageways
having an upstream
watershed area of less than
20 acres that exit the site, a
Reinforced Rock Berm
(RRB) is recommended at
the downgradient
perimeter. However, if
possible, BMPs are to be
configured to control
erosion and sediment
outside the limits of
drainageways so that
instream BMPs are used
infrequently and only as a
last resort.

Design details and
guidance on each BMP is
contained in the BMP
Handbook.

A Temporary Slope Drain
(TSD) is a small culvert or
plastic liner to convey
runoff down a slope or
channel bank to reduce
the occurrence of rill and
gully erosion.
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A Sediment Basin (SB) is
an impoundment that
captures sediment-laden
runoff and releases it

Element 7: Use Sediment
Basins for Areas
Exceeding 1.0 Acre

3.9 Runoff from all disturbed drainage areas exceeding 1.0
acre shall be treated in a Sediment Basin (SB). Runoff from
disturbed areas less than 1.0 acre may be treated in a
sediment basin, a Sediment Trap (ST), or one of the down
slope perimeter BMPs describe in Element Six. Design
guidance for sediment basins is provided in the BMP
Handbook.

slowly providing
prolonged settling times
to capture coarse and
fine-grained soil particles.

Any permanent detention or water quality facilities shall
incorporate a sediment basin with at least half of the
sediment basin storage volume required provided below
the lowest outlet of a permanent detention facility or water
quality basin.

A stable drainage path shall be shown downstream of the
outlet and spillway of a sediment basin. If the sediment
basin is located within a permanent detention facility or
water quality basin, the drainageway downstream is likely
to be a permanent feature and shall be shown in a
separate design detail. Temporary drainage paths shall
consist of a Diversion Ditch (DD), or, if appropriate, a rip-rap
apron or other stable feature that is detailed by the Design
Engineer.

Permanent detention facilities shall be constructed as early
in the development process as possible. If site planning has
identified easements for permanent detention facilities, the
Design Engineer shall locate sediment basins in these
locations even if permanent detention facilities are not
planned until later in the development.

A Sediment Trap consists
of arip-rap berm with a
small upstream basin that
acts to trap coarse
sediment particles.

Sediment Basins in Detention and Water Quality
Facilities

3.9.1 Including sediment

basins in permanent

detention or water quality
facilities is recommended O
for several reasons:

spillway are
eliminated.

enabling site runoff to
be conveyed to the
sediment basin.

doesn’t have to be
relocated.

Detention and water

quality basins are .
generally located at a

low pointin the

drainage system

The sediment basin
ends up being “out of
the way” of other
construction and

e The need fora
temporary outlet and



Steep Slopes

A slope is considered
steep if it is steeper than 4
(horizontal) to 1 (vertical)
and higher than five feet
vertically.

Terracing (TER) consists of
creating one or more flat
benches in high, steep
cut or fill slopes to
interrupt runoff and
reduce the formation of rill
and gully erosion.

Inlet Protection (IP)
consists of a reinforced
rock berm placed in front
of (but not blocking) a
curb-opening inlet or
around an area inlet to
reduce sediment in runoff
approachina the inlet.

STEP 4: PREPARE A GRADING PLAN
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Element 8: Protect Steep Slopes

3.10 Steep slopes may
either be comprised of
steep existing slopes that
are to be preserved or cut
or fill slopes created during
the grading process. In
either case, the measures
in this section shall be taken
to protect these slopes
against erosion.

3.10.1 Proposed slopes shall
be no steeper than 3 to 1.
Slopes steeper than 3:1 are
difficult to vegetate and
maintain. Long term rill and
gully erosion are likely on
such slopes. Approved
permanent stabilization
shall be required to control

grades on all sites that
cannot be graded ata 3:1
slope. Retaining walls may
be necessary to control
grades on a site. Slopes
steeper than 4:1 shall be
protected with Erosion
Control Blanket (ECB).

3.10.2 Runoff shall be
diverted away from steep
slopes. A permanent or
temporary diversion ditch
(DD) shall be depicted
above all steep slopes on
the site that may receive
concentrated or sheet
flows. Where steep cut
slopes are planned near
the site perimeters, a

minimum of six feet
between the property line
and the top of the cut
slope shall be reserved for
the diversion ditch, unless
otherwise accepted by the
City.

3.10.3 Terracing shall be
incorporated into the
grading of steep slopes. To
break up the flow of
incidental runoff down
slopes and reduce the
development of rill and
gully erosion, grading of
new steep slopes shall
incorporate Terracing (TER).
Design criteria are provided
in the BMP Handbook.

Element 9: Protect Inlets, Storm Sewer
Outfalls, and Culverts

3.11 The entrances to storm
sewer inlets shall be
protected using Inlet
Protect (IP) or Reinforced
Rock Berm (RRB) to reduce
inflow of sediment. Likewise,
storm sewer outfalls and
culvert outlets shall be
protected against scour
and erosion.

All storm sewer inlets on site
shall be provided with Inlet
Protection (IP). The Grading
Drawings shall specify
whether area, sump, or
continuous grade
protection is to be used in a
particular location. The half
Y-shaped continuous grade
inlet protection is intended
to trap sediment upstream
of an inlet on a continuous
grade street without
causing any bypass of flow
around the inlet. Sump and

area inlet protection is also
designed to maintain inlet
capacity after runoff flows
over the wire-enclosed
rock. The only inlet
protection that blocks an
inlet opening is temporary
inlet protection discussed in
the BMP manual, which is
only used to keep soil out of
an inlet prior to paving
operations.

All culvert inlets on a site
shall be provided with a
Reinforced Rock Berm
(RRB).

Storm sewer outfalls and
culvert outlets shall be
permanently protected
against erosion with a rip-
rap apron or other
approved means in
accordance with the
Hydrology Manual. Rip-rap
shall be installed as part of
construction of the storm
sewer outfall or culvert. In
addition, Erosion Control
Blanket (ECB) shall be
provided in the area
disturbed by the
construction of the storm
sewer outfall or culvert.
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Element 10: Provide Access and
General Construction Controls

3.12.1 Limits of Construction
(LOC) shall be shown on

Grading Drawings and shall

include all utility tie-ins. The
Design Engineer shall

delineate construction limits

that provide adequate
room for the necessary
work, including vehicular
and temporary storage of
equipment and materials,
while at the same time
limiting the disturbed area
to the minimum necessary.
Unless otherwise accepted
by the City for utility work,
all excavated materials
stockpiles shall be placed
on the uphill side of the
trench within the limits of
construction.

3.12.2Construction Fence
(CF) or Construction
Markers (CM) shall be
shown throughout the site
to delineate all limits of

Vehicle Tracking Control

(VTC) consists of a pad of
3” to 6” rock at all
entrance/exit points for a
site that is intended to
help strip mud from tires
prior to vehicles leaving
the construction site.

construction along all
perimeters of the site, all
stream corridors to be

preserved, and around any

other preservation zones.

Construction fence or other

means defining all limits of
construction shall be
installed as the first step in
the construction phase,
prior to any other work or
disturbance on the site.

3.12.3 Vehicle Tracking
Control (VTC) shall be
provided at all
entrance/exit points on the
site. The number of access
points shall be minimized A
location shall be selected

that accounts for the safety

of the traveling public and

avoids disturbance of trees,

desirable vegetation, and
low, wet areas. Grades
greater than eight percent
shall be avoided.

A Stabilized Staging Area
consists of stripping topsoil
and spreading a layer of
granular material in the
area to be used for a
trailer, parking, storage,
unloading and loading. A
stabilized staging area
reduces the likelihood
that the vehicles most
frequently entering a site
are going to come in
contact with mud.

3.12.4 A Stabilized Staging
Area (SSA) shall be
provided near the main
access point and
connected to the vehicle
tracking control.

3.12.5 A Concrete Washout
Area (CWA) shall be
indicated in a location near
all concrete areas.

3.12.6 All stockpile areas
shall be shown on the
Grading Drawings.
Adequate “footprints” for
stockpiles shall be shown
assuming stockpile slopes
are no steeper than 3to 1.
Stockpiles shall not be
shown outside the limits of
construction.

3.12.7 All Temporary
Access roads shall be
shown on the Grading
Drawings.

A Concrete Washout
Area is a shallow
excavation with a small
perimeter berm to isolate
concrete truck washout
operations. The washout
area shall be combined
with a vehicle tracking
control pad to control
tracking of mud.

To avoid unwanted

disturbance, it is critical
that all construction limits
are clearly defined at the
first step in the

construction phase.




3.13 As Washington City grows, so does the demand for
installation of new underground utility lines, and
upgrade and maintenance of existing lines. Many times
this work is located in streets where storm sewer inlets
can be impacted, or along or across drainageways.
Although the work is generally short lived, the close
proximity to storm drainage systems provides an ample
opportunity for contamination of stormwater runoff. A
Grading Plan for underground utility work should
configure BMPs to reduce the contamination of
stormwater runoff from construction erosion and
sediment.

e Ata minimum all utility line construction shall
comply with the following:

. Obtain a Grading Permit prior to construction

e All utility work within a Washington City right-
of-way shall be required to obtain a
Washington City Right-of-Way Use and
Construction Permit.

e Provide adequate erosion and sediment
controls.

. No more than 200 linear feet of trench shall be
open at any one time.

e  Where consistent with safety and space
considerations, excavated material is to be
placed on the uphill side of trenches.

. At no time shall excavated material be
placed in the curb, gutter, sidewalk, or in the
street within 6-feet of the flow line.

Limits of construction shall be large enough for
a work area, temporary storage of excavated
material and imported material, and
equipment access to the project.

Downslope perimeter controls shall be
installed according to the element 6 and BMP
handbook.

Trench dewatering devices must discharge in
a manner that will not affect streams,
wetlands, drainage systems, or off-site
property. Discharge from the trench shall be
free of any sediment. A rock rip-rap pad shall
be placed at the discharge end of hose to
prevent any additional erosion. The
Dewatering (DW) detail shall be complied with
at the suction and discharge ends of the
pumping facilities.

Inlet protection (IP) shall be provided
whenever soil erosion from the excavated
area has the potential of entering a storm
sewer system.

All disturbed areas shall be seeded and crimp
mulched within seven days after utility work is
completed. For larger projects, seeding and
mulching shall be done in phases rather than
at the end of construction.

Comply with all other applicable criteria as
outlined in the Grading Manual.




Washington City has adopted the International Building Code appendix J-Grading as the
governing regulations for grading design within the City. All provisions contained in that
appendix will be binding on the Permittee(s) as well as the requirements contained in this

manual. Where these requirements conflict, the more stringent will apply.

3.14 The following Grading Drawing Requirements shall
be adhered to when preparing a Grading Drawing.
Specific requirements vary based on the two types of
Standard Grading Drawings described in Section Two.

All Grading Drawings, which are also required for off-
site borrow or disposal areas, shall be prepared on
24”x36” sheets at a scale of 1:20 up to 1:200 as
appropriate, to clearly show sufficient detail for review.

3.14.1 Grading Drawing Cover Sheet.
1. Project Name
2. Project Address
3. Owner Address
4. Design firm’s name and address
5. Design Engineer’s signhature block
6. Plan sheetindex

7. The following note: The Grading Plan included
herein has been placed in the Washington
City file for this project and appears to fulfill
applicable Washington City Grading Criteria.
Additional grading, erosion and sediment
control measures may be required of the
permittee(s) due to unforeseen erosion
problems or if the submitted Grading Plan
does not function as intended. The

requirements of this Grading Plan shall run with

the land and be the obligation of the
permittee(s) until such time as the Grading
Plan is properly completed, modified or
voided.

8. Grading Design Engineer’s signhature block
with name, date, and professional engineer
registration number. Signhature block shall
include the following note: The Grading Plan

included herein has been prepared under my
direct supervision in accordance with the
requirements of the Grading Manual of
Washington City.

9. City Acceptance Block (see appendix B).

10. General Location Map at a Scale of 1:1000-
8000 feet indicating:

11. General vicinity of the site location
12. Major roadway names

13. North arrow and scale

3.14.2 Grading Drawing Index Sheet. Projects that
require multiple plan-view sheets to adequately show
the project area (based on the specified scale ranges),
will be required to provide a single plan-view sheet at a
scale appropriate to show the entire site on one sheet.
Areas of coverage of the multiple blow-up sheets are
to be indicated as rectangles on index sheet.

Appendix C summarizes the drawing
requirements in a checklist format. This
checklist must be filled out, signed,
stamped by the Design Engineer, and
submitted with the Grading Drawings to
ensure that each requirement is

addressed.




3.14.3 Initial Grading Drawing. This plan sheet shall
provide grading, erosion and sediment controls for the

initial clearing , grubbing and grading of a project. At a

minimum, it shall contain:

1.

10.

11.

12.

13.

14.

Property lines
Existing and proposed easements

Existing topography at one or two-foot
contour intervals extending a minimum of 100
feet beyond the property line

Location of any existing structures of
hydrologic features within the mapping limits

USGS benchmark used for project

Limits of construction encompassing all areas
of work, access points, storage and staging
areas, borrow areas, stockpiles, and utility tie-
in locations in on-site and off-site locations.
Stream corridors and other resource areas to
be preserved and all other areas outside the
limits of construction shall be lightly shaded to
clearly show area not to be disturbed

Location of stockpiles, including topsoil,
imported aggregates, and excess material

Location of storage and staging areas for
equipment, fuel, lubricant, chemicals (and
other materials) and waste storage

Location of borrow or disposal areas
Location of temporary roads

Location, map symbol, and letter callouts of
all initial erosion and sediment control BMPs

Information to be specified for each BMP,
such as type and dimensions, as called for in
the BMP handbook

The following note: See Washington City BMP
Handbook for legend of BMP names and
symbols

Washington City approval block (see

15.

16.

appendix B)

Grading Design Engineer’s signature block
with name, date, and professional engineer
registration number. Signature block shall
include the following note: The Grading Plan
included herein has been prepared under my
direct supervision in accordance with the
requirements of the Grading Manual of
Washington City.

Other information as may be reasonably
required by Washington City



3.14.4 Interim Grading Drawing. This plan sheet shows
BMPs to control grading, erosion and sediment during
the initial overlot grading, site construction and site post
construction process. At a minimum, it shall contain the
following information:

The Interim Grading Drawing shall show all information
included on the Initial Grading Drawing, as noted

below:

Existing topography at one-or two-foot
contour intervals extending a minimum of one
hundred (100) feet beyond the property line,
as shown on Initial Grading Drawing. These
contours shall be screened.

Location of all existing erosion and sediment
control measures on site, as shown on the
Initial Grading Drawing Sheet. These control
measures shall be screened. Dimension
information for initial stage BMPs shall not be
shown.

Iltems 1, 2,and 4 through 10 from the Initial
Grading Drawing.

In addition, the Interim Grading Drawing shall include
the following:

4.

Proposed topography at one- or two-foot
intervals, showing elevations, dimension,
locations, and slope of all proposed grading.

Outlines of cut and fill areas.

Location of all interim erosion and sediment
controls, designed in conjunction with the
proposed site topography, but also
considering the control designed in the Initial
Grading Drawing.

Location of all buildings, drainage features
and facilities, paved area, retaining walls,
cribbing, water quality facilities, or other
permanent features to be constructed in
connection with, or as a part of, the proposed
work, per approved, plat, or other
improvement plan.

10.

11.

The following notes:

See Washington City BMP Handbook for
legend of BMP Names and Symbols.

Shaded BMPs were installed in initial stage
and shall be left in place in interim stage
unless otherwise noted.

All interim erosion and sediment control BMPs
including seeding and crimp mulching of
disturbed area, must be installed, inspected,
and approved by the City prior to the
issuance of a Right-of-Way Construction
Permit for the purpose of paving or installation
of curb and gutter.

See Construction Plans for details of
permanent drainage facilities such as
detention facilities, water quality facilities,
culverts, storm drains, and outlet protection.

Summary of cut and fill volumes showing how
earthwork balances on site.

Washington City acceptance block (See
appendix B)

Grading Design Engineer’s signature block
with name, date, and professional engineer
registration number. Signature block shall
include the following note: The Grading Plan
included herein has been prepared under my
direct supervision in accordance with the
requirements of the Grading Manual of
Washington City.



3.14.5 Final Grading Drawing. This plan sheet shows
controls for final completion of the site. At a minimum,
this plan sheet shall contain the indicated information:

The Final Grading Drawing shall show all information

included on the Initial and Interim Grading Drawings, as

noted below:

1.

Existing topography in areas of proposed
contours need not be shown.

Existing Initial and Interim BMPs shall be shown
screened. Dimension information shall not be
shown.

In addition, the Final Grading Drawing shall include the
following:

3.

Directional flow arrows on all drainage
features.

Any Initial or Interim BMPs that are to be
removed and any resulting disturbed area to
be stabilized.

Location of all final erosion and sediment
control BMPs, permanent landscaping, and
measures necessary to minimize the
movement of sediment off site until
permanent post-construction BMPs can be
established.

Show area of buildings, pavement, sod, and
permanent landscaping (define types) as per
approved plat, or other improvement plan.

Show seeding and mulching (SM) everywhere
except buildings, pavement areas and
permanent landscaping areas.

Show other BMPs considered by the Design
Engineer to be appropriate.

Show the following BMPs to be removed at
the end of construction:

dewatering (DW)

temporary stream crossings (TSC)

10.

11.

12.

13.

stabilized staging are (SSA)
Street inlet protection (IP)
vehicle tracking control (VTC)
construction fence (CF)
Include the following notes:

See Washington City BMP Handbook for
legend of BMP names and symbols

Shaded BMPs were installed in initial or interim
Grading Drawing and, unless otherwise
indicated shall be left in place until post-
construction BMPs are approved by the City.

See Construction Plans for details of
permanent drainage facilities such as
detention facilities, culverts, storm drains, and
outlet protection.

Washington City Acceptance Block (see
appendix B)

Grading Design Engineer’s signature block
with name, date, and professional engineer
registration number. Signature block shall
include the following note: The Grading Plan
included herein has been prepared under my
direct supervision in accordance with the
requirements of the Grading Manual of
Washington City.

Other information as may be reasonable
required by Washington City.

Each set of Grading Drawings shall
include a copy of the Standard Drawings
from the Washington City BMP Handbook

for each BMP included on the drawings.




3.15 The following
Information relating to
grading, erosion and
sediment control shall be
included in a separate
Grading Report with the
Grading Drawings.

1. Name, address, and
telephone number of
the applicant- The
name, address, and
telephone number of
the Design Engineer
preparing the Grading
Plan shall also be
included.

2. Project Description-A
description of the
nature and purpose of
the land-disturbing
activity, the total area
of the site, the area of
disturbance involved,
related project
reference, and project
location including
township, range,
section and quarter-
section.

3. Existing Site Conditions.
A description of the
existing topography;
drainage; wetlands;
and other property
features.

4. Adjacent Areas-A
description of
neighboring areas
which might be
affected by the land
disturbance.

5. Soils-A brief description
of the soils on the site
including information
on soil type and

names, mapping unit,
erodibility,
permeability,
hydrologic soil group,
depth, texture, and soll
structure. (This
information may be
obtained from the soil
report for the site or
the applicable Soil
Survey prepared by
the Natural Resources
Conservation Service
(NRCS)).

Areas and Volumes-A
cubic yard estimate of
the quantity of
excavation and fill
involved (showing
earthwork balance),
and the surface area
(in acres) of the
proposed disturbance.

Erosion and sediment
control measures-a
description of the
methods presented in
this Grading Manual
that will be used to
control erosion and
sediment on the site.

Timing/Phasing
Schedule-A schedule
indicating the
anticipated starting
and completion times
of the site grading
and/or construction
sequence, including
the installation and
removal of erosion and
sediment control BMPs.
Indicate the
anticipated starting
and completion time
period of individual
project phases.

10.

11.

12.

13.

Permanent
Stabilization-A brief

description, including 14.

applicable
specifications, of how
the site will be
stabilized after

construction is 15.

completed.

Stormwater
Management
Considerations-
Explain how
stormwater runoff from
and through the site
will be handled during
construction.

Maintenance-Any
special maintenance
requirements over and
above what is
identified in the
standard notes and
details.

Engineer’s estimate for
installation of BMPs-An
eningeer’s estimate for
erosion and sediment
control, including
anticipated
maintenance during
the construction
phase, shall be
submitted with the
Grading Drawing. This

will be reviewed by 16.

City staff and used as
a basis for Fiscal
Security.

Calculations- Any
calculation made for
the design of such
items as sediment
basins or erosion
control matting

selection.

Other Information or
data-as may be
reasonable requested
by Washington City.

The following note:
“This Grading Plan has
been placed in the
Washington City file for
this project and
appears to fulfill the
applicable
Washington City
Grading Criteria.
Additional grading,
erosion and sediment
control measures may
be required of the
owner or his/her
agents, due to
unforeseen erosion
problems or if the
submitted plan does
not function as
intended. The
requirement s of this
plan shall run with the
land and be the
obligation of the land
owner, or his/her
designated
representative(s) until
such time as the plan is
properly completed,
modified or voided.”

Signature Page. For
owner/developer
acknowledging the
review and
acceptance of
responsibility, and
statement by the
Design Engineer
acknowledging
responsibility for the
preparation of the
Grading Plan.



The Grading Permit

process is dynamic, not
static. The Permitee(s)
are responsible for
adapting the original
Grading Drawings as
necessary to effectively
reduce erosion and
sediment, and must
comply with any
modifications to the
plan required by the

Grading Inspector.

Variances will be

granted solely at the
discretion of the
Washington City Public

Works Director.

STEP 4: PREPARE A GRADING PLAN

BMP Cost Issues

3.16 Costs associated with
grading, erosion, and
sediment control BMPs
include the following:

1. Installation of the BMPs
indicated on the Initial,
Interim, and Final
Grading Drawings
according to the
number, types,
dimensions, and
quantities called for.

2. Provision of Grading
Manager to supervise
inspect, and interface
with Washington City
on the project’s
Grading Drawings.

3. Installation of
additional BMPs that
the Permittee(s) think
are appropriate or that
are called for by the
Grading Inspector to
address actual site
conditions.

4. Maintenance costs for
BMPs. Maintenance
costs will vary based
on many factors,
including the
magnitude and
number of storm
events occurring
during the project.
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5. Permittee(s) are
required to provide an
opinion of probable
cost associated with
implementing the
Grading Drawing.

Variance Submittal Requirements

3.17 Any request for a
variance shall be in a
separate letter to the Public
Works Director. The letter
shall define:

. The criteria from which
the applicant seeks a
variance.

e The justification for not
complying with the
criteria.

e Alternate criteria or
standard measure to
be used in lieu of these
criteria. The criteria
and practices
specified within this
section of the Grading
Manual relate to the
application of specific
erosion and sediment
control practices.
Other practices or

modification to
specified practices
may be used if
approved by
Washington City prior
to installation. Such
practices must be
thoroughly described
and detailed.

Some variances may be
minor in nature. A minimum
amount of supporting
documentation will be
required for such variances.
More complicated
variances will require a

more extensive review. All
variances will be granted
solely at the discretion of
the Washington City Public
Works director.




Section 4: Acceptance

and Permit Application

4.0 Overview

Section 4 addresses Steps 5 through 7 in the Grading Permit process.

Individual Highlights
Grading Plan Review

Application, Fee, and
Fiscal Security

Acceptance, Permit
Durations, and Field
Manual

Section 4.1, Grading Plan Submittal, describes procedures for submitting a Grading Plan.

Section 4.2, Completeness Evaluation, states that Grading Plan will be checked for a basic
level of completeness and returned if incomplete without receiving a detailed review.

Section 4.3, City Staff Review, discusses the Grading Plan review.
Section 4.4, Review Schedule, summarize typical review schedules.

Section 4.5, Plan Revisions Based on City Comments, discusses the Design Engineer’s revisions.

Section 4.6, Preliminary Acceptance of the Grading Plan, describes submittal requirements for
multiple sets of Grading Drawings to obtain the signature of the City Public Works
Department.

Section 4.7, Applying for a Grading Permit, discusses completing the Application Form.

Section 4.8, Permit Fees, covers procedures for paying permit fees.

Section 4.10, Final Acceptance of Grading Plan, describes the City signing process for
multiple sets of Grading Drawings.

Section 4.11, Duration of Grading Permits, discusses the duration of Grading Permits and the
need to renew Grading Permits prior to expiration.

Section 4.12, Transfer of Grading Permits, describes procedures for transferring a Grading
Permit if either the Permittee(s) changes during the life of the permit.
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Step 5: Submit the Grading Plan for Review

4.1 Grading Plan Submittal. After the Grading Plan has
been prepared according to the requirements of
Section 3, the drawings and report, along with the
related plans and permits discussed in Section 2, shall
be submitted to the Public Works Department.

The Grading Plan shall not be accompanied by the
Grading Permit Application Form, Fee, or Fiscal Security
at this time; these documents shall be submitted only
after the Grading Plan is reviewed and accepted.

4.2 Completeness Evaluation. After the Grading Plan is
submitted to the Public Works Department, the City
shall, within approximately three working days,
evaluate the Grading plan for completeness based on
the submittal requirements described in Section 3. Any
submittal that does not reflect a basic level of
completeness shall be returned to the Design Engineer.
this process shall be repeated until a complete Grading
plan set is submitted to the Public Works Department.
The review period of a Grading Plan will not start until a
complete Grading plan is submitted.

4.3 City Staff Review. The Grading Plan will be reviewed
for effectiveness of the overall plan. The
appropriateness, timing, and placement of the
proposed erosion and sediment control will be
reviewed.

After review, written comment will be provided to the
applicant.

4.4 Review Schedule. Approximate review period are
indicated on the Grading Permit Process flowchart
shown in Section 1.

Typically, written review comments will be provided by
the Public Works Department within 5 business days of
Grading Plans be evaluated as complete. Written
comments on re-submittals are also provided within 5
business days of receiving the revised plans and the

Applicants are encouraged to call or meet with City
staff to discuss any questions they have regarding the

City’s review comments or the applicant’s proposed
responses prior to re-submitting the Grading Plan. This
may help to resolve issues quickly and avoid multiple
reviews and re-submittals.

summary of how previous comments were addressed.

The length of time to achieve final City acceptance is
directly related to the level of accuracy, concurrence with
Washington City design and construction criteria and
standards, and the thoroughness of addressing written
review comments.

4.5 Plan Revisions Based on City Comments. Grading Plan
review comments are to be addressed by the applicant
and the revised Grading Plan resubmitted to the City for a
follow-up review.

The applicant shall submit a letter or memorandum with
the revised Grading Plan summarizing how each review
comment was addressed.

If review comments are not addressed, the Grading Plan
will not be accepted, and written comments will again be
provided to the applicant. This cycle will be repeated as
may times as necessary for the applicant to fully address
the City’s review comments to the satisfaction of City Staff.

Additional review fees shall be
charged for each re-submittal

starting with the third re-submittal.
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Step 6: Submit Grading Drawings, Permit
Application, Fee, and Fiscal Security

4.6 Preliminary Acceptance of the Grading Plan. When
all Grading Plan review comments have been
addressed, the Applicants will be notified by the City
that the Grading Plan is preliminarily accepted (final
acceptance occurs when additional copies of the
Grading Drawings are submitted to the City and signed
by the city Public Works Department). The City will
specify the number of copies of the Grading Drawings
that shall be submitted for the City Engineer’s signature
(typically three sets are requested).

Each set of Grading Drawings shall be signed and
stamped by a Professional Engineer registered in the
State of Utah, bound and stapled, then rolled. The
Grading Drawings shall be submitted to the City along
with the Grading Permit Application, Permit Fee, and
Fiscal Security, described in Section 4.7 through 4.10.

Y A

Once the Public Works Department has notified the
Applicant that the Grading Plan is accepted,
Applicants shall submit the following documents to
the City:

1. Three copies of Grading Drawings signed

and stamped by the Design Engineer (see
section 4.6)

Completed Grading Permit Application (see
section 4.7)

Permit fees paid in accordance with Section
4.8

Fiscal Security provided in accordance with
Section 4.9

Any other applicable applications or fees.

4.7 Applying for a Grading Permit. Once the Public
Works has notified the Applicants that the Grading Plan
is accepted, the Applicants may apply for a Grading
Permit. The information required on the Permit
Application shall be filled out and the form shall be
signed by personnel who are legally authorized to sign
on behalf of the company, corporation, entity, or
organization. A copy of the grading permit application
is provided in Appendix A.

4.8 Permit Fees are to be paid to the Public Works
Department secretary. Fees may be paid by check or
in cash. Fees for a Grading Permit are collected in
accordance with International Building Code,
Appendix J. These fees shall be paid with the submittal

of the Permit Application and other documents shown
in Section 4.6.

4.9 Posting Fiscal Security is required of all projects
requiring a Grading Permit.

4.9.1 The condition under which the Grading Fiscal
Security is held is separate from any other security
relating to the project, or any other permits relating to
the site and may be held and released separately.

4.9.2 The amount of fiscal security for a Grading Permit
is based on the probable cost of installing the grading
erosion and sediment controls require on a site. An
engineer’s estimate must be completed by the Design
Engineer as part of the Grading Report as described in
Section 3.15.

4.9.3 Fiscal Security is accepted in form of a cashiers
check orirrevocable letter of credit or bond.

A copy of an approved Washington City Irrevocable
Letter of Credit Form is located in Appendix D.

Financial institutions have varying guidelines for
cashier’s checks; the Applicant is advised to contact
their financial institutions to learn their regulations
regarding cashier’s checks. Non-certified funds will
need to clear the financial institution prior to issuance
of a Grading Permit. Cash deposits will be held in a
non-interest bearing account.

The conditions of each form of security shall allow for
the security to be held by Washington City for a
minimum of two years. The two-year period should
allow for completion of all grading and site
improvements requirements, including two seasons to
allow time for post-construction controls to be proved.
Information regarding the release of Fiscal Security is
provided in Section 6.8.

4.9.4 Expiration of Fiscal Security. If the construction of
the project and/or post-construction process takes
longer than two years, the Permittee shall extend the
posted letter of credit a minimum of sixty days prior to
the expiration date. Failure to extend the Fiscal
Security, for a minimum of one additional year, prior to
the fourteen day deadline shall result in the City
drawing upon the fiscal security.
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Stop Work
Order

Refers to a written notice
provide by the City’s
Grading Inspector that
revokes a Grading Permit
as a result of a violation;

Contractors receiving a
Stop Work Order shall
cease construction
operations until the
problem is addressed and
a signed Stop Work Order
Release Form is obtained.

STEPS 5-7: GRADING PLAN ACCEPTANCE AND PERMIT APPLICATIONT

Step 7: Obtain Signed Grading
Drawings and Field Manual

4.10.1 The Grading Plan will
be considered accepted
when the submitted copies
of the Grading Drawings
are signed by the Public
Works Department . The
City will notify applicants
when the Grading
Drawings will be ready.
Typically, approximately
seven days after the
Grading Drawings are
submitted.

Washington City will
typically retain two of the
three sets of the signed
Grading Drawings.
However, the number of
drawings retained by the
City is project-specific.
Grading Drawing sets will
always be retained for the
project file and the
Grading Inspector.
Additional copies may be
required by other City
departments.

Grading Plans are
considered valid for two
years following the
signature date. After this
time Grading Plans will
need to be re-submitted to
the City for re-review and
re-acceptance.

4.10.2 A copy of the
Grading Field Manual shall
be obtained from the City
at the same time the
signed Drawings are
received. The grading Field
Manual provides
information pertaining to
the construction phase of
the Grading Permit process
and is discussed further in
Section 5.

4.11 A Grading Permit is
valid for one year from the
date the permit is granted
(the date the Grading
Permit Application form is
signed by the Public Works
Department.) A Grading
Permit shall be renewed
prior to its expiration. The
Permittee(s) shall contact
the City and start the
renewal process at least 14
days prior to the original
Grading Permit’s expiration
date.

Permitee(s) shall have a
valid Grading Permit until
Final Close-Out
Acceptance.

4.12 If a project or portion
of a project is sold to a new
Owner, or if the Contractor
that is identified on the
Grading Permit is replaced
by a different Contractor
the Grading Permit shall be
transferred to the new
Owner and/or Contractor
using a specific transfer
procedure. The transfer
shall require a new Grading
Permit Application Form,
payment of a transfer fee,
new Fiscal Security (if new
Owner), and another Pre-
construction Meeting on
site (the Pre-construction
meeting is discussed in
Section 5.4). Failure to
transfer the Grading Permit
if the Owner or Contract
Changes will result in
issuance of a Stop Work
Order, per section 5.10.3.
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A grading permit is valid

for one year. Grading
permits must be renewed
at least 14 days prior to
the expiration date of the
original permit.




leld Section

5.0 Overview

in the Grading Permit process.

Step 8: Select a Grading Manager;
review the grading Field Manual and
ensure that the Permittees understand
the Grading Permit Requirements.

Section 5.1, The Grading Manager, discusses the role of the Permittee(s)’ Grading Manager,
who serves as the on-site contact person with City inspectors and is responsible for ongoing
compliance with the Grading Permit.

Section 5.2, Understanding the Requirements of the Grading Plan, describes the requirements
of the Permittee(s) prior to the pre-construction meeting, including selecting the Grading
Manager, thoroughly reviewing the Grading Field Manual, Grading Plan, Grading Plan
Standard Notes and Details, and related plans and permits.

Section Highlight, Implementing the Grading Plan as a Dynamic Process, reminds the
permittees that they are responsible for adapting the original Grading Plan to effectively

reduce erosion and sediment control and comply with any modification to the Plan as
required by Washington City.

Step 9: Install the Preconstruction BMP’s
and schedule a Preconstruction
meeting.

Section 5.3, Preparation for the Pre-construction Meeting, summarizes the activities to occur
prior to the meeting which includes installation of the pre-construction BMPs. Other than the
installation of the pre-construction BMPs, no other construction shall start prior to the
Preconstruction Meeting.

Step 10: Attend the Pre-construction
Meeting, designhate the Grading
Manager, confirm an understanding of
the Grading Permit requirements,
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review the pre-construction BMPs, and
make any correction required.

Section 5.4, Preconstruction Meeting, describes who shall attend the Preconstruction Meeting
and summarizes the general meeting agenda.

Step 11: Pick up the executed
Grading Permit and start
construction.

Section 5.5, The Executed Grading Permit, provides guidance for picking up the Grading
Permit from the City, the duration that the Grading Permit is valid, and procedures for
transferring the Grading Permit.

Section 5.6, Start of Construction, summarizes the procedures to be completed at the start of
construction.

Step 12: Ensure that the BMPs are
correctly installed, are inspected
and maintained in accordance with
the required timeframes, and that all
of the General Construction
Requirements described in the
Grading Field Manual are met.

Section 5.7, Correct Installation and Maintenance of BMPs and General Construction
practices are detailed in the Best Management Practices Hanbook included with this
section, or available as a separate publication. This handbook provides installation and
maintenance information and shows photographs of field installations of each of the City’s
Standard Erosion and Sediment Control BMPs. Both correct installation and maintenance and
practices to avoid are shown.
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Step 13: Ensure that the mandatory
Inspection by the City are scheduled by
Permittee(s) and completed and that
corrections requested by the City during
these or any inspections are made.

Section 5.8, City Grading Inspection Process, discusses inspection related to the City Grading
Permitting Program and identifies steps in the construction process that require mandatory
inspections and acceptance before work may proceed.

Section 5.9, Violations and Enforcement, provides a description of the two levels of violations and the
associated Stop work Order.

Section Highlight, Stop Work Order, describes Level One violations resulting in a Stop Work Order and
the Grading Permit revoked. A Stop Work Order requires that the Permitttee(s) do the following
before resuming work on the site:

Correct the deficient practices that precipitated the
Stop Work Order.

Reapply for a Grading Permit and pay the Grading
Permit Fee at the Washington City Public Works
Department.

Schedule a site inspection with the Grading Inspector.

Obtain a new Grading Permit after approval of the
corrected work from a Grading Inspector.

Step 14: Ensure that the Construction
and Post Construction BMPs are
Installed at the appropriate times in
accordance with the accepted
Grading Drawings and Grading Manual.

Section 5.10, Installation of Construction and Post Construction BMPs, discusses the general schedule
for installing Construction and Post Construction BMPs.
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Step 8: Select a Grading Manager, review the
grading Field Manual and ensure understanding
the Grading Permit Requirements.

5.1.1 Responsibilities of the Grading Manager. As the
Permittee(s) focus shifts from applying for the Grading
Permit to constructing the projects, the first task is to
select a Grading Manager. The Grading Manager is
the Permittee(s), contact person with the City for all
matters pertaining to the Grading Plan and Permit. The
Grading Manager may be an employee of the Owner
or Contractor, but shall have the authority to act on
behalf of the permittee(s) to ensure that the site
remains in compliance with the Grading Permit,
however the Permittee(s) shall remain the legally
responsible party. The Grading Manager shall respond
to requests made by Washington City staff and have
any deficiencies in the work corrected.

The Grading Manager and Alternate Grading Manager
shall be named at the on site preconstruction meeting
discussed in section 5.4.

5.1.2 Alternate Grading Manager. An Alternate Grading
Manager who is able to serve in the same capacity as
the Grading Manager shall also be selected. The
Alternate shall be the contact person if the Grading
Manager is not available. The Grading Manager shall
inform the Alternate Grading Manager of any
absences, fill the Alternate in on the status of the
Grading Plan implementation, and ensure that the
Alternate Grading Manager assumes the Grading
Manager’s responsibilities during any absence.

5.1.3. Availability of the Grading Manager. The Grading
Manger shall be present at the
project site a majority of the time and
(along with the Alternate Grading
Manager) shall provide the City with
a 24-hour emergency contact
number. In the event the Grading
Manager (or Alternate Grading Manger) is not on site,
and cannot be reached during any level of violation a
Stop Work Order shall be issued.

5.1.4 Changing the Grading Manager or Alternate.
Notification in writing shall be provided to the City if the
Grading Manger or Alternate leaves the company or
the Permittee(s) intend to change personnel. A field

meeting with the Grading Inspector and new Grading
Manger or Alternate shall be scheduled within 7 days of
the change to discuss site conditions and responsibilities of
the Grading Manger.

5.2.1 Implementing the Grading Plan in the Field.
Constructing the project and implementing the Grading
Plan in the field is a challenging part of the Grading Permit
process. The Grading Plan will not be effective unless the
required measures are properly installed and maintained
by the Permittee(s).
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Applicants are encouraged to call or meet with City

staff to discuss any questions they have regarding the
City’s review comments or the applicant’s proposed
responses prior to re-submitting the Grading Plan. This
may help to resolve issues quickly and avoid multiple
reviews and re-submittals.

5.2.2 Review of the Grading Field Manual, Grading Plan,
and Related Plans and Permits. Prior to the Preconstruction
Meeting, the Grading Manager shall thoroughly review the
Grading Field Manual, Grading Plan, Standard Notes and
Details, and related plans and permits for the project. A
review of the 10 Elements of an Effective Grading Plan in
Section 3 will provide valuable insight. It is the Grading
Manager’s responsibility to understand all of the
requirements of the Grading Permit Process as laid out in
these documents. In addition, it is the Grading Manger’s
responsibility to ensure that other field personnel are aware
of the grading requirements. Washington City welcomes
calls from Permittee(s) during this process to answer any
questions that the Grading Manger or other Permittee staff
may have regarding the Grading Permit Process.

5.2.3 Documents Shall Remain On Site. A copy of the
Grading Field Manual, Grading Drawings, Standard Notes
and Details, and any project permits shall remain on the
site at all times. Once the grading Permit is obtained, it
shall remain on site at all times as well.



Preparation for the
Preconstruction Meeting

5.3.1 Installation of
Preconstruction BMPs.
Installation of the
preconstruction BMPs
shown on the Grading
Drawings shall be installed
prior to the on site
preconstruction meeting.
No formal notification
needs to be given to the
City to install the
preconstruction BMPs, other
than receiving the signed
Grading Drawings and a
copy of the Grading Field
Manual. However, all of the
requirements of the
Grading Manual and
Grading Plan, including the
Standard Notes and details,
shall be complied with. See
Section 5.4 for a description
of proper installation and
maintenance of BMPs.

If the Permittee(s) think that
modifications to
Preconstruction BMPs
shown on the Grading
Drawings should be made
to provide for a more
effective plan, the
Permittee(s) shall contact
the Washington City Public
Works Department to
obtain acceptance of the
proposed modifications
prior to installing the BMPs.

5.3.2. Construction Shall
Not Start. Other than the
installation of the
Preconstruction MBPS
shown on the Grading Plan,
no other construction shall
occur. If the Permittee(s)
begin work on the site
(other than installing
preconstruction BMPSs) prior
to obtaining an approved

Grading Permit, the City will
issue a Stop Work Order
and assess a fee of three
times the Grading Permit
fee.

5.3.3. Scheduling the
Preconstruction Meeting.
The permittee(s) shall
contact the Washington
City Public Works
Department (see contact
information in Appendix A)
to schedule the on site
Preconstruction Meeting.
Three business days notice
shall be provided to
schedule the meeting.

obligations:

operations.

Permittee(s)’ lack of effort in controlling erosion and sediment can

increase the cost of construction due to the following additional

e Frequent removal of sediment from basins and from behind
silt fences and sediment control devices.

° Clean up of accumulated sediments from off-site areas.

e Repair of downstream property damage resulting from
sediment leaving the site.

. Re-grading and refilling rill and gully erosion.

. Replacing lost topsoil.

. Undertaking second and third seeding and mulching

e Work stoppage due to non-compliance and City fees for a

new Grading Permit and re-inspection fee.




5.4.1 Attendees at the Preconstruction Meeting. The on
site Preconstruction Meeting is a critical milestone prior
to the start of construction. In addition to the grading
Inspector, the following representatives shall attend:

1. Owner or Owners Representative. The Contractor
may not act as the owner’s representative.

2. General Contractor

3. Grading Manger and Alternate Grading Manager.
One or both may be the same as the Owner of
General Contractor Representative.

4. Grading Sub-Contractor, if different than the general
contractor.

5. Design Engineer. The design engineer’s attendance
is not mandatory; however, it is strongly recommended
that the Design Engineer attend, to avoid possible
delays if the City or the Permittee(s) determine that
modifications to the Grading Plan are necessary.

The Preconstruction Meeting shall be
rescheduled and the applicant will be assessed
a $50.00 re-inspection fee for the following
reasons:

. One of the mandatory attendees does
not attend the Preconstruction Meeting.

e The Grading Field Manual and
accepted Grading Plan are not in the
Grading Manager’s possession.

e The installation of the Preconstruction
BMPS is not approved by the Grading
Inspector.

The fee shall be paid at the Washington City

Public Works Department prior to scheduling

another Preconstruction Meeting.

5.4.2 General Meeting Agenda. The following agenda
items are addressed at the Preconstruction Meeting.

1. Introductions. Introductions of attendees, including
the grading Manager and alternate Grading Manager,

will take place.

2. Contact Information. Attendees will exchange

contact information.

3. Review of Grading Field Manual. The Grading
inspector will confirm the Permittee(s) understanding of
the Grading Field Manual.

4. Field Review of Grading Drawings. The Grading
Drawings will be reviewed to confirm the attendees’
understanding of the Grading Plan and to discuss any
modifications to the plan. If modifications to the
grading plan are thought to be advantageous, input
will be sought form the Design Engineer and final
acceptance of changes will be as determined by the
Grading Inspector. Limits of construction shall be
confirmed.

5. Inspection of Preconstruction BMPs. A visual
inspection of all of the preconstruction BMPs that have
been installed will take place. The Grading Inspector
will confirm if any corrections are required.

6. Acceptance of Initial BMPs. If the initial BMPs are
accepted by the Grading Inspector, as is or with minor
corrections, the Grading Inspector will inform the
Permittee(s), sign the Grading Permit Application, and
submit the Grading Permit Application to the Public
Works Department for processing. Construction shall not
start until an executed Grading Permit is obtained from
the City as described in Section 5.5.

5.4.3 Corrections to the BMPs. If the Grading Inspector
determines that significant modifications or corrections
to the BMPs are necessary, the Grading Inspector will
inform the Permittee(s) that such corrections shall be
made, that a follow-up inspection shall be scheduled
with the City, and that acceptance of the corrected
BMPs by the Grading Inspector shall take place prior to
the signing of the Grading Permit or prior to any
additional inspections. Modifications to the grading
Plan will, in most cases, require acceptance by the
Design Engineer who signed and stamped the Grading
Drawings. The re-inspection requires on-day notice (by
3:00 pm the weekday prior to the inspection) and shall
be scheduled with the Public Works Department.



The Executed Grading
Permit

A

A grading permit is valid

for one year. Grading
permits must be renewed
at least 14 days prior to
the expiration date of the
original permit.
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Step 11: Pick Up the Executed Grading

Permit and Start Construction

5.5.1 Pick up the executed
Grading Permit.
Washington City will
execute the Grading Pemrit
generally within 24-hours of
acceptance of the
Preconstruction BMPs
(either at the pre-
construction meeting or at
a follow-up inspection).
Once the Permitttee(s) pick
up the executed Grading
Permit, construction can
start.

5.5.2 Duration of the
Grading Permit. A Grading
Permit is valid for one year
from the date the grading
Permit is granted (the date
the grading Permit is
executed). A Grading
Permit shall be renewed
prior to its expiration. The
Permittee(s) shall contact
the City and start he
renewal process at least 14
days prior to the original
Grading Permit’s expiration
date. Permittee(s) shall
have a valid Grading
Permit until Final Close-out
Acceptance.

5.5.3 Transfer of a Grading
Permit. If a project or
portion of a project is sold
to a new Owner, or if the
Contractor that is identified
on the Grading Permit is
replaced by a different
Contractor, the Grading
Permit shall be transferred
to the new Owner and/or
Contractor using a specific
transfer procedure. The
Transfer shall require a new
Grading Permit application,
payment of a transfer fee,
new Fiscal Security (if new

Owner), and an additional
Preconstruction Meeting on
site (the Preconstruction
meeting is discussed in
section 5.4). Failure to
transfer the Grading Permit
if the Owner or Contractor
changes will result in
issuance of a Stop Work
Order.

5.6.1 Start of Construction.
With the executed Grading
Permit picked up and on
site, construction can start.

5.6.2 No Filling in
Drainageways. Existing
Drainageways shall not be
filled in beyond the limits of
the 100-year floodplain or
the existing top of bank
incised channels, which
ever is more restrictive,
without the acceptance of
Washington City.
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Step 13: Ensure that the mandatory inspection by
the City are scheduled and completed and that

corrections requested by the County during these
or any inspections are made.

5.8

Y

The Owner’s signature on the Grading Permit

application form constitutes written authorization for
Washington City and its agents to enter the project site
and conduct regular inspections to ensure compliance
with City regulations.

5.8.1 City Grading Inspections. During the construction
phase, BMP’s will be inspected by a Grading Inspector.
Grading Inspectors will consider the overall
effectiveness of the controls for reducing erosion and
trapping sediment on the site and will check for proper
installation and maintenance of the controls. Grading
Inspectors will coordinate with the Grading Manager,
whose responsibility it is to ensure that the site remain in
compliance with all grading requirements.

5.8.2 Mandatory City Inspections. The Permittee(s) shall
call the Public Works Department to schedule the
following mandatory inspections:

1. Preconstruction Meeting/Inspection of Initial BMP’s.

2. Any time during construction when a new Grading
Manager of Alternate Grading Manager is chosen.

3. Initial close-out inspection.

4. Final Close-out Inspection when post-construction
BMP’s are in place.

5. For Staged and Phased Grading Plans where more
than 40 acres needs to be disturbed and where work
occurs in multiple grading phases, the following
inspection process is required:

a. A phase project starts in the same manner as any
other Grading permitted project, with the installation of
the Initial BMPs as shown on the Initial Grading Drawing.
The difference is that only the Initial BMPs for Phase |

need to be installed and inspected in order to obtain the
Grading Permit.

b. Once the Permittee(s) have obtained the
Grading permit, grading may begin on Phase |
only. Failure to restrict grading operations to the
limits of Phase | shall result in issuance of a Stop
Work Order.

c. When the Permittee(s) are nearing the end of grading
on Phase |, the Interim BMPs for Phase | shall be installed
per the Interim Grading Drawing, in addition, the Initial
BMPs shall be installed on Phase Il as shown on the Initial
Grading Drawing.

d. A mandatory inspection shall be scheduled, in
accordance with this section, to inspect the Initial and
Interim BMPs on Phase | as well as the Initial BMPs for Phase
II. If the Grading Inspector finds the BMPs to be installed
and maintained in accordance with the approved
Grading Plan and Grading Manual, the Grading Inspector
will sign the Grading Phasing Acceptance Sheet.

e. Once the Grading Inspector has signed the Grading
Phase Acceptance Sheet, grading may commence on
Phase Il.

f. All disturbed area on Phase | shall be stabilized
in accordance with the accepted Grading Plan
within 5 calendar days from the Grading
Inspector’s sign off for commencement of the
next phase. Failure to complete the required
stabilization within the allotted time shall result in
issuance of a Stop Work Oder for the entire
project. No time extensions shall be granted.

g. This process shall be repeated for each additional
phase until all earthwork is complete.

All inspection shall be coordinated through the
Washington City Public Works Department. All inspection
requests need to be called into the Public Works
Department by 2:00 p.m. the day before the inspection
(three business days prior to the inspection for the
Preconstruction meeting).



5.9.1 Penalties and
Enforcement. Failure to
comply with any term,

immediate issuance of a
Stop Work Order. Example
Level | violations include:

Penalties and Violations

condition, limit, deadline or
other provision of the
Grading Permit or failure to
obtain a Grading Permit
constitutes a violation of
Washington City Ordinance
and may constitute a
violation of the Federal
Clean Water Act and the
Utah Water Quality Control
Act.

In addition to any other
legal or equitable remedies
that the City may have for
Grading Permit violations,
the City may cease
issuances of all building
permit approvals and other
permissions until such
violation is corrected and
the Permittee(s) takes
additional steps to ensure
compliance with the
Grading Permit, by the
Grading Inspector.

5.9.2 Levels of Violations.
Washington City classifies
violations in one of two
categories, depending on
the severity of the violation.
Enforcement action varies
for each category. Level |
violations have the most
severe impact on people
and the environment and
Level Il violations have the
least severe impact.

Level | Violations are
viewed by the City to pose
and immediate serious risk
to the health, safety, or
welfare of people and/or
the environment. Level |
Violations result in an

Clearing, grubbing, or grading without a
Washington City Grading Permit.

Failure to schedule a Preconstruction Meeting
Failure to be able to contact the Grading Manager
or Alternate Grading Manager during any level of
violation.

Failure to restrict operations to approved limits of
construction.

Failure to clean up tracking of material onto
roadways and adjacent paved areas.

Exporting material to or importing material from a
non-permitted site.

Exporting/importing material without a variance.
Failure to follow approved pahsing plan.

Failure to make required plan revisions.

Failure to perform BMP maintenance as directed by
the Washingto City Grading Inspector

Failure to correct Level Il violations per the directives
fo the Grading Inpsector.




Level Il violations are viewed by the City to pose a
moderate to low immediate risk to the health, safety, or
welfare of people and/or the environment, however, if
not corrected quickly, will pose a more serious risk.
Level Il violations shall be corrected within 48 hours of
inspection unless otherwise specified in writing by the
Grading Inspector. Example Level Il Violations include
the following:

. Failure to provide routine maintenance for erosion
and sediment controls.

. Installation of non Washington City accepted
BMPs.

. Failure to provide temporary inlet protection within
48 hours of pouring of inlet.

. Failure to provide inlet protection within 48 hours of
placement of asphalt or concrete pavement.

. Staging of equipment outside of stabilized staging
area.

. Failure to have accepted Grading Permit,
accepted Grading Drawings and Grading Field
Manual onsite.

5.9.3 Stop Work Orders. The Public Works Department is
authorized to order work to be stopped on any project
that disturbs the land and which is not in compliance
with the requirements of the Grading Permit. When a
Stop Work Oder is issued, the Grading Permit for that
project is revoked. In addition, the State of Utah
Department of Environmental Quality may be notified.

If a project is issued a Stop Work Order, all work on site
shall be stopped. Safety related item (e.g. backfiling of
holes and trenches) as well as corrective actions may
be completed; however, the Permittee(s) shall inform
the Grading Inspector of such activities.

The Permittee(s) shall do the following to reinstate a
grading Permit and resume work on the site:

1. Correct the deficient practices that precipitated the
Stop Work Order.

2. Reapply for a Grading Permit and pay the Permit fee
at the Washington City Public Works Department.

3. Call the Public Works Department to schedule a site
inspection.

4. Obtain a new Grading Permit after approval of the
corrected work from a Grading Inspector.

A posted Stop Work Order shall not be removed from
the site, except by the City. A Washington City
Inspector is the only authorized agent to remove a
posted Stop Work Order.

If a Permittee works without a
Grading Permit, a fee of three
times the permit fee will be
assessed. This fee shall apply
each time the project is found to
be working without or prior to

issuance of a Grading Permit.

5.10.4 Re-inspection Fees. To offset the cost of
additional inspections on non-compliant sites,
Washington City requires that re-inspection fees of
$50.00 per inspection be paid in person at Washington
City offices prior to receiving subsequent inspections
and approval of work. Re-inspection fees shall be
charged for all projects that are deficient due to the
following:

. Permittee(s) fail to properly install all Initial BMPs
prior to the schedule Preconstruction Meeting.

e The required attendees fail to attend the schedule
dPreconstruction Meeting.

. Permittee(s) fail to have the Grading Field Manual
and grading Drawings on site during the
Preconstruction Meeting.

. Permittee(s) receive a Stop Work Order (fee
consists of new Permit fee in this case).

. Permittee(s) fail to obtain Post-Construction BMP
acceptance from the City prior to requesting a
final release of fiscal Security.

. Permittee(s) remove any BMPs prior to receiving
authorization by Washington City.

. Grading Inspector finds violations of Grading
Permit requirements during routing inspections.

. Failure to cancel any inspection before 2:00 pm
the day prior to the inspection in the event that a
site is not ready for an inspection and an
inspection had already been scheduled.
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Step 14: Ensure that the interim and
Final BMPs are installed at the
appropriate times in accordance with
the accepted Grading Drawings and
Grading Manual.

5.10 It is the responsibility of
the Grading Manager to

ensure that Interim and
Final BMPs are installed at
the earliest opportunity that
grading or construction of

Installation of Interim and
Final BMPs

new facilities allows. Some
BMPs have specific time
requirements for installation
that are identified on the
Grading Plan Standard
Notes and Details; these
time requirements shall be
adhered to.

For BMPs where a specific
time frame is not given, the
controls shall be installed as
soon as construction of the
infrastructure is substantially
complete or when grading
activities have produced
grades close to the final
grade. In any case, itis up
to the discretion off the
Grading Inspector to make
the final determination of
Interim and Final BMP
installation time frames.
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CD: Check Dams

Description &

Purpose
P Objectives

A check dam is a small
barrier constructed of rock,
gravel bags, sandbags,
fiber rolls, or reusable SE  Sediment Control
products, placed across a
constructed swale or
drainage ditch. Check
dams reduce the effective
slope of the channel,
thereby reducing the
velocity of flowing water,
allowing sediment to settle
and reducing erosion.

EC Erosion Control

Suitable Applications Potential Alternatives

Check dams may be appropriate in the following situations:

. . . FR  Fiber Rolls
e To promote sedimentation behind the dam

GB Gravel Bag Berm
e To prevent erosion by reducing the velocity of channel flow in small intermittent channels i
SB  Sand Bag Barrier
and temporary swales

. In small open channels that drain 10 acres or less
e Insteep channels where stormwater runoff velocities exceed 5 ft/s
e During the establishment of grass linings in drainage ditches or channels

e Intemporary ditches where the short length of service does not warrant establishment of
erosion-resistant linings.

Limitations

. Not to be used in live streams or in channels with extended base flows
. Not appropriate in channels that drain areas greater than 10 acres

* Not appropriate in channels that are already grass-lined unless ersoion is expected, as
installation may damage vegetation

e Require extensive maintenance following high velocity flows

e  Promotes sediment trapping which can be re-suspended during subsequent storms or
removal of the check dam.
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General

Check dams reduce the effective slope and create small
pools in swales and ditches that drain 10 acres or less.
Reduced slopes reduce the velocity of stormwater flows,
thus reducing erosion of the swale or ditch and promoting
sedimentation. Use of check dams for sedimentation will
likely result in little net removal of sediment because of the
small detention time and probable scour during longer
storms. Using a series of check dams will generally increase
their effectiveness. As sediment trap (ST) may be placed
immediately upstream of the check dam to increase
sediment removal efficiency.

Design and Layout

Check dams work by decreasing the effective slope in
ditches and swales. An important consequence of the
reduced slope is a reduction in capacity of the ditch or
swale. This reduction in capacity must be considered when
using this BMP, as reduced capacity can result in
overtopping of the ditch or swale and resultant
consequences. In some cases, such as a “permanent “
ditch or swale being constructed early and used as a
“temporary” conveyance for construction flows, the ditch
or swale may have sufficient capacity such that the
temporary reduction in capacity due to check dams is
acceptable. When check dams reduce capacities beyond
acceptable limits, there are several options:

. Don’t use check dams. Consider alternative BMPs

. Increase the size of the ditch or swale to restore
capacity.

Maximum slope and velocity reduction is achieved when
the toe of the upstream dam is at the same elevation as the
top of the downstream dam. The center section of the dam
should be lower that the edge sections so that the check
dam will direct flows to the center of the ditch or swale.

Check dams are usually constructed of rock, gravel bags,
sandbags, and fiber rolls. A number of products
manufactured specifically for use as check dams are also
being used, and some of these products can be removed
and reused. Check dams can also be constructed of log or
lumber, and have the advantage of a longer lifespan when
compared to gravel bags, sandbags, and fiber rolls. Due to
their high failure rate, check dams should not be
constructed from straw bales or silt fences, since
concentrated flows quickly wash out these materials.

Rock check dams are usually constructed of 8 to 12 in. rock.
The rock is placed either by hand or mechanically, but

Section 5: Field Section
Best Management Practices (BMPs)

never just dumped into the channel. The dam must
completely span the ditch or swale to prevent washout. The
rock used must be large enough to stay in place given the
expected design flow through the channel.

Log check dams are usually constructed of 4 to 6 in.
diameter logs. The logs should be embedded into the soil at
least 18 in. Logs can be bolted or wired to vertical support
logs that have been driven or buried into the soil.

Gravel bag and sandbag check dams are constructed by
stacking bags across the ditch or swale, shaped as shown in
the drawing at the end of the BMP fact sheet.

Manufactured products should be installed in accordance
with the manufacturer’s instructions. If grass is planted to
stabilize the ditch or swale, the check dam should be
removed when the grass has matured (unless the slope of
the swales is greater than 4%.

The following guidance should be followed for the design
and layout of check dams:

. Install the first check dam approximately 16 ft from the
outfall device and at regular intervals based on slope
gradient and soil type.

. Check dams should be placed at a distance and
height to allow small pools to form between each
check dam.

. Backwater from a downstream check dam should
reach the toes of the upstream check dam.

¢ Asediment trap provided immediately upstream of the
check dam will help capture sediment. Due to the
potential for this sediment to be re-suspended in
subsequent storms, the sediment trap must be cleaned
following each storm event.

e High flows (typically a 2-year storm or larger) should
safely flow over the check dam without an increase in
upstream flooding or damage to the check dam.

e  Where grass is used to line ditches, check dams should
be removed when grass has matured sufficiently to
protect the ditch or swale.

. Gravel bags may be used as check dams with the
following specifications:

Materials

Gravel bags used for check dams should conform to the
requirements of GB, Gravel Bag Berms. Sandbags used for
check dams should conform to SB, Sandbag Barrier. Fiber
rolls used for check dams should conform to FR, Fiber Rolls.
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Do. Properly installed series of check dams creating
settling ponds and slowing water velocity.

Don’t. straw or Hay bales should not be used as check
dams. Even if “properly” installed, they have a high failure
rate.

Section 5: Field Section
Best Management Practices (BMPs)

Installation

e Rock should be placed individually by hand or by
mechanical methods (no dumping of rock) to achieve
complete ditch or swale coverage.

e Tightly abut bags and stack according to detail shown
in the figure at the end of this section.

. Gravel bags and sandbags should not be stacked any
higher than 3 ft.

e  Fiberrolls and straw bales must be trenched in and
firmly staked in place.

Inspection and Maintenance

. Inspect BMPs prior to forecast rain, daily during
extended rain events, after rain events, weekly during
the rainy season, and at two-week intervals during the
non-rainy season.

e Replace missing rock, bags, bales, etc. Replace bags or
bales that have degraded or have become damaged.

e Ifthe check dam is used as a sediment capture device,
sediment that accumulates in the BMP must be
periodically removed in order to maintain BMP
effectiveness. Sediment should be removed when the
sediment accumulation reaches one-third of the barrier
height.

e Sediment removed during maintenance may be
incorporated into earthwork on the site or disposed at
an appropriate location.

. If the check dam is used as a grade control structure,
sediment removal is not required as long as the system
continues to control the grade.

. Remove accumulated sediment prior to permanent
seeding or soil stabilization.

e Remove check dam and accumulated sediment when
check dams are no longer needed.
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Hydraulic mulch consists of
applying a mixture of
shredded wood fiber of a
hydraulic matrix, and a
stabilizing emulsion of
tackifier with hydro-
mulching equipment,
which temporarily protects
exposed soil from erosion

Hydraulic Mulching may be appropriate in the following situations:
. Disturbed areas requiring temporary protection until permanent stabilization is established

. Disturbed areas that will be re-disturbed following an extended period of time.

. Hydraulic mulches are generally short lived
e A minimum of 24 hours is required for drying before effective

. May required more than one application to last a full rainy season

Objectives

by raindrop impact or wind.

EC Erosion Control

WE Wind Erosion Control

Potential Alternatives

HS Hydroseeding

GM Geotextiles and
Mats

WM Wood Mulch
SM  Straw Mulch

SLB  Soil Binders
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General

Prior to application, roughen embankment and fill areas by
rolling crimping or punching type roller or by track walking.
Track walking shall only be used where other methods are
impractical.

To be effective, hydraulic matrices require 24 hours to dry
before rainfall occurs.

Avoid mulch spray onto roads, sidewalks, drainage
channels, existing vegetation, etc.

Paper based hydraulic mulches alone shall not be used for
erosion control.

Hydraulic Mulches

Wood fiber much can be applied alone or as a component
of hydraulic matrices. Wood fiber applied alone is typically
applied at the rate of 2,000 to 4,000 Ib/acre. Wood fiber
mulch is manufactured from wood or wood waste from
lumber mills of from urban sources.

Hydraulic Matrices

Hydraulic matrices include a mixture of wood fiber and
acrylic polymer or other tackifier as binder. Apply as a
liquid slurry using a hydraulic application machine (i.e.
hydro seeder) at the following minimum rates, or as
specified by the manufacturer to achieve complete
coverage of the target area: 2,000 to 4,000 Ibs/acre wood
fiber mulch, and 5 to 10% (by weight) of tackifier (acrylic
copolymer, guar, psyllium, etc.)

Bonded Fiber Matrix

Bonded fiber matrix (BFM) is a hydraulically applied system
of fibers and adhesives that upon drying forms an erosion
resistant blanket that promotes vegetation, and prevents
soil erosion. BFM’s are typically applied at rates from 3,000
Ib/acre to 4,000 Ib/acre based on the manufacturer’s
recommendation. A biodegradable BFM is composed of
materials that are 100% biodegradable. The binder in the
BFM should also be biodegradable and should no dissolve
or disperse upon re-wetting. Typically, biodegradable BFM’s
should not be applied immediately before, during or
immediately after rainfall if the soil is saturated. Depending
of the product, BFMs typically require 12 to 24 hours to dry
and become effective.

Section 5: Field Section
Best Management Practices (BMPs)

Inspect BMP’s prior to forecast rain, daily during
extended rain events, after rain events, weekly during
the rainy season, and at two-week intervals during the
non-rainy season.

Areas where erosion is evident shall be repaired and
BMP’s re-applied as soon as possible. Care should be
exercised to minimize the damage to protected areas
while making repairs, as any area damager will require
re-application of BMPs.

Maintain an unbroken, temporary mulched ground
cover throughout the period of construction.
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HS: Hydroseeding

Description &

Purpose
P Objectives

Hydroseeding typically
consists of applying a
mixture of wood fiber, seed
fertilizer, and stabilizing WE Wind Erosion Control
emulsion with hydro-mulch

equipment, to temporarily

protect exposed soils from

erosion by water and wind.

EC Erosion Control

Suitable Applications Potential Alternatives

Hydroseeding may be appropriate in the following situations:

. . . . I ) HM  Hydraulic Mulch
e Disturbed areas requiring temporary protection until permanent stabilization is established

GM Geotextiles and
e Disturbed areas that will be re-disturbed following an extended period of time. Mats

WM Wood Mulch
SM  Straw Mulch

SLB  Soil Binders

Limitations

. May be used alone only when there is sufficient time in the season to ensure adequate
vegetation establishment and coverage to provide adequate erosion control. Otherwise,
hydroseeding must be used in conjunction with mulching (i.e. straw mulch).

e Steep slopes are difficult to protect with temporary seeding
¢ Temporary seeding may not be appropriate in dry periods without supplemental irrigation
e Temporary vegetation my have to be removed before permanent vegetation is applied

e Temporary vegetation is not appropriate for short term inactivity.
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General
In order to select appropriate hydroseeding mixtures, and
evaluation of site conditions shall be performed with respect
to:

¢ Soil Condition

o Site Topography

e Season and climate

e Vegetation types

¢ Maintenance requirements

e Sensitive adjacent areas

o Water availability

¢ Plans for permanent vegetation

The local office of the U.S.D.A. Natural Resource
Conservation Service (NRCS) is an excellent source of
information on appropriate seed mixes.

The following steps shall be followed for implementation:

¢ Avoid use of hydroseeding in areas where the BMP
would be incompatible with future earth work activities
and would have to be removed.

¢ Hydroseeding can be accomplished using a multiple
step or one step process. The multiple step process
ensures maximum direct contact of the seeds to soil.
When the one step process is used to apply the mixture
of fiber, seed, etc, the seed rate shall be increase to
compensate for all seeds not having direct contact
with the soil.

e Prior to application, roughen the area to be seeded
with the furrows trending along the contours.

e Apply a straw mulch to keep seeds in place and to
moderate soil moisture and temperature until the seeds
germinate and grow.

o Commercial fertilizer shall conform to the requirements
of the Utah Food and Agricultural codes. Fertilizers shall
be pelleted or granular form.

e Follow up applications shall be made as needed to
cover weak spots and to maintain adequate soil
protection.

¢ Avoid over spray onto roads, sidewalks, drainage
channels, existing vegetation, etc.

Section 5: Field Section
Best Management Practices (BMPs)

Inspect BMP’s prior to forecast rain, daily during
extended rain events, after rain events, weekly during
the rainy season, and at two-week intervals during the
non-rainy season.

Areas where erosion is evident shall be repaired and
BMP’s re-applied as soon as possible. Care should be
exercised to minimize the damage to protected areas
while making repairs, as any area damager will require
re-application of BMPs.

Where seeds fail to germinate, or the germinate and
die, the area must be re-seeded, fertilized, and
mulched within the planting season, using not less than
half the original application rates.

Irrigation systems, if applicable, should be inspected
daily while in use to identify system malfunctions and
line breaks. When line breaks are detected, the system
must be shut down immediately and breaks repaired
before the system is put back into operation.

Irrigation systems shall be inspected for complete
coverage and adjusted as needed to maintain
complete coverage.
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SLB: Soil Binders

Description &

Purpose
P Objectives

Soil binders consist of
applying and maintaining
a soil stabilizer to exposed
soil surfaces. Soil binders WE Wind Erosion Control
are materials applied to the

soil surface to temporarily

prevent water induced

erosion of exposed soils on

construction sites. Soil

binders also prevent wind

erosion.

EC Erosion Control

Suitable Applications Potential Alternatives

Soil Binders may be appropriate in the following situations:

. . . . S HM  Hydraulic Mulch
e Disturbed areas requiring short term temporary protection until permanent stabilization is

established. GM Geotextiles and

Mats
e Because soil binders can often be incorporated into the work, they are good alternatives
. o ) WM Wood Mulch

to mulches where grading activities will soon resume.

SM  Straw Mulch
e  Stockpiles.
HS Hydroseeding

Limitations

e Soil binders are temporary in nature and may need reapplication.

e Soil binders require a minimum curing time until fully effective, as prescribed by the
manufacturer. Curing time may be 24 hours or longer. Soil binders may need
reapplication after storm events.

e Soil binders will generally experience spot failures during heavy rainfall events. If runoff
penetrates the soil at the top of a slope treated with a soil binder, it is likely that the runoff
will undercut the stabilized soil layer and discharge at a point further down the slope.

e Soil binders do not hold up to pedestrian or vehicular traffic across treated areas.

e Soil binders may not penetrate soil surfaces made up primarily of silt and clay, particularly
when compacted.

e  Some soil binders may not perform well with low relative humidity. Under rainy conditions,
some agents may become slippery or leach out of the soil.

e Soil binders may not cure if low temperatures occur within 24 hours after application.

e The water quality impacts of soil binders are relatively unknown and some may have water
quality impacts due to their chemical makeup.

e Asampling and analysis plan must be incorporated into the Grading Plan as soil binders
could be a source of non-visible pollutants.
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General
. Regional soil types will dictate appropriate soil binder
to be used.

e  Asoil binder must be environmentally benign (non-toxic
to plant and animal life), easy to apply, easy to
maintain, economical, and should not stain paved or
painted surfaces. Soil binders should not pollute
stormwater.

. Some soil binders may not be compatible with existing
vegetation.

. Performance of soil binders depends on temperature,
humidity, and traffic across treated areas.

e  Avoid over spray onto roads, sidewalks, drainage
channels, existing vegetation, etc.

Selection a Soil Binder

Properties of common soil binders used for erosion control
are provided on Table 1 ate the end of this BMP. Use Table
1 to select an appropriate soil binder.

Factors to consider when selecting a soil binder include the
following:

. Suitability to situation — Consider where the soil binder
will be applied, if it needs a high resistance to leaching
or abrasion, and whether it needs to be compatible
with any existing vegetation. Determine the length of
time soil stabilization will be needed, and if the soll
binder will be placed in an area where it will degrade
rapidly. In general, slope steepness is not a
discriminating factor for the listed soil binders

. Soil types and surface materials — Fines and moisture
content are key properties of surface materials.
Consider a soil binder’s ability to penetrate, likelihood
of leaching, and ability to form a surface crust on the
surface materials.

e Frequency of application — The frequency of
application can be affected by subgrade conditions,
surface type, climate, and maintenance schedule.
Frequent application could lead to high costs.
Application frequency may be minimized if the soll
binder has good penetration, low evaporation, and
good longevity. Consider also that frequent
application will require frequent equipment clean up.

Plant-Material Based (Short Lived) Binders

Guar - Guar is a non-toxic, biodegradable, natural
galactomannan based hydrocolloid treated with dispersant
agents for easy field mixing. It should be mixed with water
at the rate of 11 to 15 Ib per 1,000 gallons. Recommended
minimum application rates are as follows:

Section 5: Field Section
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Ib/acre |4o ‘45 ‘50 |60 ‘70 ‘

Psyllium - Psyllium is composed of the finely ground muciloid
coating of plantago seeds that is applied as a dry powder
or in a wet slurry to the surface of the soil. It dries to form a
firm but rewettable membrane that binds soil particles
together but permits germination and growth of seed.
Psyllum requires 12 to 18 hours drying time. Application
rates should be from 80 to 200 Ib/acre, with enough water in
solution to allow for a uniform slurry.

Starch - Starch is a non-ionic, cold water soluble (pre-
gelatinized) granular cornstarch. The material is mixed with
water and applied at the rate of 150 Ib/acre. Approximate
drying time is 9 to 12 hours.

Plant-Material Based (Long Lived) Binder

Pitch and Rosin Emulsion — Generally, a hon-ionic pitch and
rosin emulsion has a minimum solids content of 48%. The
rosin should be a minimum of 26% of the total solids content.
The soil stabilizer should be non-corrosive, water dilutable
emulsion that upon application cures to a water insoluble
binding and cementing agent. For soil erosion control
applications, the emulsion is diluted and should be applied
as follows:

. For clayey soil: 5 parts water to 1 part emulsion

. For sandy soil: 10 parts water to 1 part emulsion

Application can be by water truck or hydraulic seeder with
the emulsion and product mixture applied at the rate
specified by the manufacturer.

Polymeric Emulsion Blend Binders

Acrylic Copolymers and Polymers — Polymeric soil stabilizers
should consist of a liquid or solid polymer or copolymer with
an acrylic base that contains a minimum of 55% solids. The
polymeric compound should be handled and mixed in a
manner that will not cause foaming or should contain and
anti-foaming agent. The polymeric emulsion should no
exceed its shelf life or expiration date; manufacturers should
provide the expiration date. Polymeric soil stabilizer should
be readily miscible in water, non-injurious to seed or animal
life, non-flammabile, should provide surface soil stabilization
for various soil types without totally inhibiting water
infiltration, and should re-emulsify when cured. The applied
compound should air cure within a maximum of 36 to 48
hours. Liquid copolymer should be diluted at rate of 10
parts water to 1 part polymer and the mixture applied to soil
at arate of 1,175 gallon/acre.

Liquid Polymers of Methacrylates and Acrylates — This
material consists of a tackifier/sealer that is a liquid polymer
of methacrylates and acrylates. Itis an aqueous 100%
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acrylic emulsion blend of 40% solids by volume that is free .
from styrene, acetate, vinyl, ethoxylated surfactants or
silicates. For soil stabilization application, it is diluted with

water in accordance with manufacturer’s .
recommendations, and applied with a hydraulic seeder at
the rate of 20 gallons/acre. Drying time is 12 to 18 hours .

after application.

Copolymers of Sodium Acrylates and Acrylamides — These
materials are non-toxic, dry powders that are nopolymers of
sodium acrylate and acrylamide. They are mixed with
water and applied to the soil surface for erosion control at
rats that are determined by slope gradient:

Slope Gradient (H:V) Ib/acre
Flat to 5:1 3.0-5.0
5:1to 3:1 5.0-10.0 ’
21to1:1 10.0-20.0
o

Poly-Acrylamide and Copolymer of Acrylamide - Linear
copolymer polyacrilamide is packaged as a dry flowable
solid. When used as a stand alone stabilizer, it is diluted at a
rate of 11 Ib/1,000 gal of water and applied at the rate of
5.0 Ib/acre.

Hydro-Colloid Polymers - Hydro-Colloid Polymers are various
combinations of dry flowable poly-acrylamides, copolymers
and hydro-colloid polymers that are mixed with water and
applied to the soil surface at rates of 55 to 60 Ib/acre.
Drying time is 0 to 4 hours.

Cementitious-Based Binders

Gypsum - This is a formulated gypsum based product that

readily mixes with water and much to form a thin protective

crust on the soil surface. Itis composed of high purity

gypsum that is ground, calcined and processed into

calcium sulfate hemihydrate with a minimum purity of 86%.

It is mixed in hydraulic seeder and applied at rates 4,000 to .
12,000 Ib/acre. Drying time is 4 to 8 hours.

Applying Soil Binders

After selecting an appropriate soil binder, the untreated soil .
surface must be prepared before applying the soil binder.

The untreated soil surface must contain sufficient moisture to

assist the agent in achieving uniform distribution. In general,

the following steps should be followed:

Section 5: Field Section
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Follow manufacturer’s written recommendations for
application rates, pre-wetting of application area, and
cleaning of equipment after use.

Prior to application, roughen embankment and fill

areas,

Consider the drying time for the selected soil binder

and apply with sufficient time before anticipated

rainfall. Soil binders should no be applied during or
immediately before rainfall.

Avoid over spray onto roads, sidewalks, drainage

channels, sound walls, existing vegetation, etc.

Soil binders should not be applied to frozen soil, areas

with standing water, under freezing or rainy conditions,

or when the temperature is below 40°F during the
curing period.

More than one treatment is often necessary, although

the second treatment may be diluted or have a lower

application rate.

Generally, soil binders require a minimum curing time of

24 hours before they are fully effective. Refer to

manufacture’s instructions for specific cure time.

For liquid agents:

- Crown or slope ground to avoid ponding.

- Uniformly pre-wet ground at 0.03 to 0.3 gal/yd?2 or
according to manufacturer’s recommendations

- Apply solution under pressure. Overlap solution 6
to 12 in.

- Allow treated area to cure for the time
recommended by the manufacturer; typically at
least 24 hours.

- Apply second treatment before first treatment
becomes ineffective, using 50% application rate

- In low humidities, reactivate chemicals by re-
wetting with water at 0.1 to 0.2 gal/yd=2.

Inspect BMP’s prior to forecast rain, daily during
extended rain events, after rain events, weekly during
the rainy season, and at two-week intervals during the
non-rainy season.

Areas where erosion is evident shall be repaired and
BMP’s re-applied as soon as possible. Care should be
exercised to minimize the damage to protected areas
while making repairs, as any area damager will require
re-application of BMPs.

Reapply the selected soil binder as needed to maintain
effectiveness.
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Table 1 Properties of Soil Binders for Erosion Control

Binder Type
) o Plant Plant
Evaluation Criteria Material Material Polymeric Emulsion Cementitious-Based
Based (Short | Based (Long Blends Binders
Lived) Lived)

Relative Cost Low Low Low Low
Resistance to Leaching High High Low to Moderate Moderate
Resistance to Abrasion Moderate Low Moderate to High Moderate to High

Longevity Shor_t to Medium Medium to Long Medium
Medium
Minimum Curln_g Time 9to 18 hours | 19 to 24 hours 0 to 24 hours 4 to 8 hours
Before Rain
Compatibility with Good Poor Poor Poor

Existing Vegetation

Photodegradable/Chemically

Photodegradable/Chemically

Mode of Degradation Biodegradable | Biodegradable Degradable Degradable
Labor Intensive No No No No
Specialized Application Water Truc_k Water Truc_k Water Truck or Hydraulic Water Truck or Hydraulic
Equipment or Hydraulic or Hydraulic Mulcher Mulcher
Mulcher Mulcher
Liquid/Powder Powder Liquid Liquid/Powder Powder
Yes, but .
Surface Crusting dissolves on Yes Yes, but d'SS.OIVES on Yes
. rewetting
rewetting
Clean Up Water Water Water Water
Erosion Control Varies® Varies® Varies® 4,000 to 12,000 lbs/acre

Application Rate

W see Implementation for Specific Rates.
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SM: Straw Mulch

Description &

Purpose
P Objectives

Straw mulch consists of
placing a uniform layer of
straw and incorporating it
into the soul with a studded
roller or anchoring it with a
tackifier stabilizing
emulsion. Straw mulch
protects the soil surface
from the impact of rain
drops, preventing soil
particles from becoming
dislodged.

EC Erosion Control

Suitable Applications Potential Alternatives

Straw Mulching may be appropriate in the following situations:

. - . . S . HS Hydroseedin
e Adisturbed area requiring temporary protection until permanent stabilization is established. 4 g

GM Geotextiles and

. For disturbed areas requiring protection until permanent vegetation is installed. Mats
. In combination with temporary and/or permanent seeding strategies to enhance plant L
establishment. HM  Hydraulic Mulch

SLB  Soil Binders

Limitations

e Availability of straw and straw blowing equipment may be limited just prior to the rainy
season and prior to storms due to high demand.

e Thereis a potential for introduction of weed seed and unwanted plant material.
. May required more than one application to last a full rainy season

e  When straw blowers are used to apply straw mulch, the treatment areas must be within
150 ft of a road or surface capable of supporting trucks.

e Straw mulch applied by hand is more time intensive and potentially costly.
e  Wind may limit application of straw and blow straw into undesired locations.
e May have to be removed prior to permanent seeding or prior to further earthwork.

e  “Punching” of straw does not work in sandy soils, necessitating the use of tackifiers.



Washington City Grading Manual

General

Straw shall be derived from wheat, rice, or barley.
Where required by the plans, specifications, permits, or
environmental documents, native grass straw shall be
used.

A tackifier is the preferred method for anchoring straw
mulch to the soil on slopes.

Crimping, punch roller-type rollers, or track walking may
be used to incorporate straw mulch into the soil on
slopes. Track walking shall only be used where other
methods are impractical.

Avoid placing straw onto roads, sidewalks, drainage
channels, sound walls, existing vegetation, etc.

Straw mulch with tackifier shall not be applied during or
immediately before rainfall.

Use of straw near wood frame home construction may
be frowned on by the fire marshal.

Application Procedure

Apply straw at a minimum rate of 4,000 lbs/acre, either

by machine or by hand distribution.

Roughen embankments and fill rills before placing the

straw mulch by rolling with a crimping or punching type

roller or by track walking.

Evenly distributing straw mulch on the soil surface.

Anchor straw mulch to the soil surface by “punching” it

into the soil mechanically (incorporating).

Alternatively, use tackifier to adhere straw fibers.

Methods for holding straw mulch in place depend

upon the slope steepness, accessibility, soil conditions,

and longevity.

- On small areas, a spade or shovel can be used to
punch in straw mulch.

- On slopes with soil that are stable enough and of
sufficient gradient to safely support construction
equipment without contributing to compaction
and instability problems, straw can be “punched”
into the ground using a knife blade roller or a
straight bladed coulter, known commercially as a
“crimper”.

- On small areas and/or steep slopes, straw can also
be held in place using plastic netting or jute. The
netting shall be held in place using 11 gauge wire
staples, geotextile pins or wooden stakes as
described in GM, Geotextiles and Mats.

- A tackifier acts to glue the straw fibers together
and to the soil surface. The tackifier shall be
selected based on longevity and ability to hold
the fibers in place. A tackifier is typically applied
at a rate of 125 Ib/acre. In windy conditions, the
rates are typically 180 Ibs/acre.

Section 5: Field Section
Best Management Practices (BMPs)

Inspect BMP’s prior to forecast rain, daily during
extended rain events, after rain events, weekly during
the rainy season, and at two-week intervals during the
non-rainy season.

Areas where erosion is evident shall be repaired and
BMP’s re-applied as soon as possible. Care should be
exercised to minimize the damage to protected areas
while making repairs, as any area damager will require
re-application of BMPs.

The key consideration in inspection and maintenance is
that the straw needs to last long enough to achieve
erosion control objectives.

Maintain an unbroken, temporary mulched ground
cover while disturbed soil areas are inactive. Repair
any damaged ground cover and re-mulch exposed
areas.

Reapplication of straw mulch and tackifier may be
required to maintain effective soil stabilization over
disturbed areas and slopes.
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WM: Wood Mulch

Description &

Purpose
P Objectives

Wood mulching consists of
applying a mixture of
shredded wood mulich,
bark or compost to WE  Wind Erosion
disturbed soils. The primary
Function of wood mulching
is to reduce erosion by
protecting bare soil from
rainfall impact, increasing
infiltration, and reducing
runoff.

EC Erosion Control

Suitable Applications Potential Alternatives

Wood Mulching may be appropriate in the following situations:
) - . . I . HS Hydroseedin
e Adisturbed area requiring temporary protection until permanent stabilization is established. 4 g

GM Geotextiles and
Mats

SM  Straw Mulch
HM  Hydraulic Mulch

SLB  Soil Binders

Limitations

e Notsuitable for use on slopes steeper than 3:1 (H:V). Best suited to flat areas or gentle
slopes or 5:1(H:V) or flatter

e  Wood much and compost may introduce unwanted species.
. Not suitable for areas exposed to concentrated flows.

. May need to be removed prior to further earthwork.
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Mulch Section

There are many types of mulches. Selection of the
appropriate typed of mulch should be based on the type of
application, site condition, and compatibility with planned
or future uses.

Application Procedure

Prior to application, existing vegetation has been removed,

roughen embankment and fill areas by rolling with a device

such as a punching type roller or by track walking. The
construction application procedures for mulches vary
significantly depending upon the type of mulching method
specified. Two methods are highlighted here:

. Green Material — This type of mulch is produced by the
recycling of vegetation trimmings such as grass,
shredded shrubs, and trees. Methods of application
are generally by hand although pneumatic methods
are available.

- Green material can be used as a temporary
ground cover with or without seeding.

- The green material should be evenly distributed
on site to a depth not more than 2 in.

. Shredded Wood - Suitable for ground cover in
ornamental or revegetated plantings.

- Shredded wood/bark is conditionally suitable.
See note under limitations.

- Distribute by hand or use pneumatic methods.

- Evenly distribute the mulch across the soil
surface to a depth of 2to 3in.

e Avoid mulch placement onto roads, sidewalks,
drainage channels, existing vegetation, etc.

Section 5: Field Section
Best Management Practices (BMPs)

Inspect BMP’s prior to forecast rain, daily during
extended rain events, after rain events, weekly during
the rainy season, and at two-week intervals during the
non-rainy season.

Areas where erosion is evident shall be repaired and
BMP’s re-applied as soon as possible. Care should be
exercised to minimize the damage to protected areas
while making repairs, as any area damager will require
re-application of BMPs.

Regardless of the mulching technique selected, the
key consideration in inspection and maintenance is
that the mulch needs to last long enough to achieve
erosion control objectives. If the mulch is applied as a
stand alone erosion method over disturbed areas
(without seed), it should last the length of time the site
will remain barren or until final re-grading and
revegetation.

Where vegetation is not the ultimate cover, such as
ornamental and landscape application of made or
wood chips, inspection and maintenance should focus
on longevity and integrity of the mulch

Reapply mulch when bare earth becomes visible.
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Best Management Practices (BMPs)

Objectives

Outlet protection is a
physical device composed
of rock or grouted riprap,
which is place at the outlet
of a pipe or channel to
prevent scour of the soll
caused by concentrated,
high velocity flows.

EC Erosion Control

Potential Alternatives

Velocity dissipation devices are required in the following situations:

Whenever discharge velocities and energies at the outlets of culverts, conduits, or None
channels are sufficient to erode the next downstream reach.

Velocity dissipation devices may be used at the following locations:

Outlets of pipes, drains, culverts, slope drains, diversion ditches, swales, conduits, of
channels.

Outlets located at the bottom of mild to steep slopes.
Discharge outlets that carry continuous flows of water.
Outlets subject to short, intense flows of water, such as flash floods.

Points where lined conveyances discharge into unlined conveyances.

Large storms or high flows can wash away the rock outlet protection and leave the area
susceptible to erosion.

Sediment captured by the rock outlet protection may be difficult to remove without
removing the rock.

Outlet protection may negatively impact the channel habitat.
Grouted riprap may break up in areas of freeze thaw.

If there is not adequate drainage, and water builds up behind grouted riprap, it may

ranea tn arnnited rinran tn hraalo 1in Ane tn the recnltina hvdrnctatic nrecarira
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General

Outlet protection is needed where discharged velocities
and energies at the outlets of culvers, conduits, or channels
are sufficient to erode the immediate downstream reach.
This practice protects the outlet from developing small
eroded pools (plange pools), and protects against gully
erosion resulting from scouring at a culvert mouth.

Design and Layout

As with most channel design projects, depth of flow,
roughness, gradient, side slopes, discharge rate, and
velocity should be considered in the outlet design.
Compliance to local and state regulations should also be
considered while working in environmentally sensitive
streambeds. General recommendations for rock size and
length of outlet protection mat are shown in the rock outlet
protection figure in this BMP and should be considered
minimums. The apron length and rock size gradation are
determined using a combination of the discharge pipe
diameter and estimated discharge rate: Select the longest
apron length and largest rock size suggested by the pipe
size and discharge rate. Where flows are conveyed in open
channels such as ditches and swales, use the estimated
discharge rate for selecting the apron length and rock size.
Flows should be same as the culvert or channel design flow
but never the less than the peak 5-year flow for temporary
structures planned for one rainy season, or the 10-year peak
flow for temporary structures planned for two or three rainy
seasons.

e There are many types of energy dissipaters, with rock
being the one that is represented in the attached
figure.

. Best results are obtained when sound, durable, and
angular rock is used.

. Install riprap, grouted riprap, or concrete apron at
selected outlet. Riprap aprons are best suited for
temporary use during construction. Grouted or wired
tied rock riprap can minimize maintenance
requirements.

. Rock outlet protection is usually less expensive and
easier to install than concrete aprons or energy
dissipaters. It also serves to trap sediment and reduce
flow velocities.

. Carefully place riprap to avoid damaging filter fabric.
- Stone 4 in. to 6 in. may be carefully dumped onto

filter fabric from a height not to exceed 12 in.

- Stone 8 in. to 12 in. must be hand placed onto filter
fabric, or the filter fabric may be covered with 4 in.
of gravel and the 8 in. to 12 in. rock may be
dumped from a height not to exceed 16 in.

Section 5: Field Section
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- Stone greater than 12 in. shall only be dumped
onto filter fabric protected with a layer of gravel
with a thickness equal to one half the Dso rock size,
and the dump height limited to twice the depth of
the gravel protection layer thickness.

For proper operation of apron: Align apron with

receiving stream and keep straight throughout its

length. If a curve is needed to fit site conditions, place
it in the upper section of the apron.

Outlets on slopes steeper than 10 percent should have

additional protection.

Inspect BMPs prior to forecast rain, daily during
extended rain events, after rain events, weekly during
the rainy season, and at two-week intervals during the
non-rainy season.

Inspect BMPs subjected to non-stormwater discharges
daily while non-stormwater discharge occurs.

Inspect aprons for displacement of the riprap and
damage to the underling fabric. Repair fabric and
replace riprap that has washed away. If riprap
continues to wash away, consider using larger material.
Inspect for scour beneath the riprap and around the
outlet. Repair damage to slopes or underlying filter
fabric immediately.

Temporary devices should be completely removed as
soon as the surrounding drainage area has been
stabilized or at the completion of construction.
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VELOCITY DISSIPATION DEVICES
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SD: Slope Drain

Description &

Purpose
P Objectives

Mattings of natural
materials are used to cover
the soil surface to reduce
erosion from rainfall impact,
hold soil in place, and
absorb and hold moisture
near the soil surface.
Additionally, matting may
be used to stabilize soils
until vegetation is

EC Erosion Control

established.
Suitable Applications Potential Alternatives
Slope drain may be appropriate where:
e  Concentrated flow of surface runoff must be conveyed down a slope in order to prevent ED Earthen Dike

erosion. DS Drainage Swell
. Drainage for top of slope diversion dikes or swales.
. Drainage for top of cut and fill slopes where water can accumulate.

. Emergency spillway for a sediment basin.

Limitations

Installation is critical for effective use of the pipe slope drain to minimize potential gully erosion.

e Maximum drainage area per slope drain is 10 acres. (For large areas used a paved chute,
rock lined channel, or additional pipes.)

e  Severe erosion may result when slope drains fail by overtopping, piping, or pipe
separation.

- During large storms, pipe slope drains may become clogged or over charged, forcing
water around the pipe and causing extreme slope erosion.

- If the sectional downdrain is not sized correctly, the runoff can spill over the drain sides
causing gully erosion and potential failure of the structure.

e Dissipation of high flow velocities at the pipe outlet is required to avoid downstream
erosion.
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General

The slope drain is applicable for any construction site where
concentrated surface runoff can accumulate and must be
conveyed down the slope in order to prevent erosion. The
slope drain is effective because it prevents the stormwater
from flowing directly down the slope by confining all the
runoff into an enclosed pipe or channel. Due to the time lag
between grading slopes and installation of permanent
stormwater collection systems and slope stabilization
measures, temporary provisions to intercept runoff are
sometimes necessary. Particularly in steep terrain, slope
drains can protect unstabilized areas from erosion.

Design and Layout

The capacity for temporary drains should be sufficient to
convey at least the peak runoff from al0-year rainfall event.
The pipe size may be computed using the Rational Method
or a method established by the local municipality. Higher
flows must be safely stored or routed to prevent any offsite
concentration of flow and any erosion of the slope. The
design storm is purposely conservative due to the potential
impacts associated with system failures.

As a guide, temporary pipe slope drains should not be sized
smaller than shown in the following table:

Minimum Pipe Diameter Maximum Drainage Area
(Inches) (Acres)
4 1.0
6 3.0
8 5.0
10 7.0
12 10.0

Larger drainage areas can be treated if the area can be
subdivided into areas of 10 acres or less and each area is
treated as a separate drainage.

Materials

Soil type, rainfall patterns, construction schedule, local

requirements, and available supply are some of the factors

to be considered when selecting materials. The following
types of slope drains are commonly used:

. Rigid Pipe - This type of slope drain is also known as a
pipe drop. The pipe usually consists of corrugated
metal pipe or rigid plastic pipe. The pipe is placed on
undisturbed or compacted soil and secured onto the
slope surface or buried in a trench. Concrete thrust
bocks must be used when warranted by the

Section 5: Field Section
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calculated thrust forces. Collars should be properly
installed and secured with metal strapping or
watertight collars.

. Flexible Pipe — The flexible pipe slope drain consists of a
flexible tube of heavy-duty plastic, rubber, or
composite material. The tube material is securely
anchored onto the slope surface. The tube should be
securely fastened to the metal inlet and outlet conduit
sections with metal strappings or watertight collars.

. Section Downdrains — The section downdrain consists of
pre-fabricated, section conduit or half round or third
round material. The sectional downdrain performs
similar to a flume or chute. The pipe must be placed
on undisturbed or compacted soil and secured into the
slope.

e Concrete-lined Terrace Drain — This is a concrete
channel for draining water from a terrace on a slope to
the next level. These drains are typically specified as
permanent structures and, if installed early, can serve
as slope drains during construction, which should be
designed according to local drainage design criteria.

The slope drain may be arigid pipe, such as corrugated
metal, a flexible conduit, or a lined terrace drain with the
inlet placed on the top of the slope and outlet at the
bottom of the slope. This BMP typically is used in
combination with a diversion control, such as an earth dike
or drainage swale at the top of the slope.

The following criteria must be considered when sitting slope

drains:

e Permanent structures included in the project plans can
often serve as construction BMPs if implemented early.
However, the permanent structures must meet or
exceed the criteria for the temporary structure.

. Inlet structures must be securely entrenched and
compacted to avoid severe gully erosion.

e Slope drains must be securely anchored to the slope
and must be adequately sized to carry the capacity of
the design storm and associated forces.

. Outlets must be stabilized with riprap, concrete or other
type of energy dissipater, or directed into a stable
sediment trap or basin. See VD, Velocity Dissipation
Devices.

. Debris racks are recommended at the inlet, Debris
rack located several feet upstream of the inlet can
usually be larger than racks at the inlet, and thus
provide enhanced debris protection and less plugging.

e Safety racks are also recommended at the inlet and
outlet of pipes where children and animals could
become entrapped.
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Do. Properly installed slope drain to ensure erosion of the
slope will not occur

e Secure inlet and surround with dikes to prevent gully
erosion and anchor pipe slope.

e  When using slope drains, limit drainage area to less
than 10 acres per pipe. For larger areas, use a rock
lined channel or a series of pipes.

e Size to convey at least the peak flow of a 10-year
storm. The design storm is conservative due to the
potential impact of system failures.

. Maximum slope generally limited to 2:1 (H:V) as energy
dissipation below steeper slopes is difficult.

. Direct surface runoff to slope drains with interceptor
dikes. See BMP ED, Earth Dikes and Drainage Swales.
Top of interceptor dikes should be 12 in. higher than the
top of the slope drain.

e Slope drains can be placed on or buried underneath
the slope surface.

. Recommended materials include both metal and
plastic pipe, either corrugated or smooth wall.
Concrete pipe can also be used.

¢ When installing slope drains:

- Install slope drains perpendicular to slope contours.

- Compact soil around and under entrance, outlet,
and along length of pipe.

- Securely anchor and stabilize pipe and
appurtenances into soil.

- Check to ensure that pipe connections are
watertight.

- Protect area around inlet with filter fabric cloth.
Protect outlet with riprap or other energy dissipation
device. For high energy discharges, reinforce riprap
with concrete or use reinforced concrete device.

- Protect outlet of slope drains using a flared end
section when outlet discharges to a flexible energy
dissipation device.

- Aflared end section installed at the inlet willimprove
flow into the slope drain and prevent erosion at the
pipe entrance. Use a flared end section with a 6 in.
minimum to plate to help prevent undercutting. The
flared section should slope towards the pipe inlet.

Section 5: Field Section
Best Management Practices (BMPs)

Inspect BMPs prior to forecast rain, daily during
extended rain events, after rain events, weekly during
the rainy season, and at two-week intervals during the
non-rainy season.

Inspect BMPs subjected to non-stormwater discharges
daily while non-stormwater discharge occurs.

Inspect outlet for erosion and downstream scour. If
eroded, repair damage and install additional energy
dissipation measures. If downstream scour is occurring,
it may be necessary to reduce flows being discharged
into the channel unless preventative measures are
implemented.

Inspect inlet for clogging or undercutting. Remove
debris from inlet to maintain flows. Repair undercutting
at inlet and if needed, install flared section or riprap
around the inlet to prevent further undercutting.
Inspect pipes for leakage. Repair leaks and restore
damaged slopes.

Inspect slope drainage for accumulations of debris and
sediment.

Remove built up sediment from entrances and outlets
as required. Flush drains if necessary; capture and
settle out sediment from discharge.

Make sure water is not ponding onto inappropriate
areas (e.g., active traffic lanes, material storage areas,
etc.)

Pipe anchors must be checked to ensure that the pipe
remains anchored to the slope. Install additional
anchors if pipe movement is detected.
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SLOPE DRAIN

CONDUIT

D+12 (MIN.)

}A

1’7

COMFACTED
EMBANKMENT

MATERIAL UNDISTUREBED OR

COMPACTED SOIL

SECTION A

SLOPE DRAIN NOTES

INSTALLATION REQUIREMENTS
1. THE SLOPE DRAIN IS TO BE DESIGNED TO CONVEY THE PEAK
RUNOFF FOR THE 2—YEAR STORM EVENT.

2. PIPE MATERIAL MAY INCLUDE CORRUGATED METAL, OR RIDGID
OR FLEXIBLE PLASTIC.

3. EMBANKMENT MATERIAL SHALL CONSIST OF SOIL WITH A
MINIMUNM OF 15% PASSING A& #200 SIEVE. EXCAVATED SOIL CAN
BE USED IF IT MEETS THIS REQUIREMENT.

4. EMBANKMENT IS TO BE COMPACTED TO AT LEAST 80% OF
MAXIMUM DENSITY AND WITHIN 2% OF THE OPTIMUM MOISTURE
CONTENT ACCORDING TO ASTM D6SS.

5. SLOPE DRAIN SECTIONS ARE TO BE SECURELY FASTEMNED
TOCGETHER AND HAVE WATERTIGHT FITTINGS.

6. THE OUTLET IS TO BE STABILIZED AND, UNLESS THE DRAIN
DISCHARGES DIRECTLY TC A SEDIMENT BASIN, A TEMFORARY
SURFACE IS TO BE PROVIDED TGO CONVEY FLOWS DOWN STREAM.

7. IMMEDIATELY STABILIZE ALL AREAS DISTURBED BY
INSTALLATION OR REMOWAL OF THE PIPE SLOPE DRAIM.

MAINTENANCE REQUIEEMENTS

1. INLET AND OUTLET PCOINTS ARE TC BE CHECKED REGULARLY,
AMD AFTER HEAWY STORMS FOR CLOGGING AND OVERCHARGING.
ANY BREAKS IN THE PIPE ARE TO BE PROMPTLY REFAIRED, AMND
CLCGS REMOWVED AS MNEEDED.

2, WATER IS NOT TO BYPASS OR UNDERCUT THE INLET OR PIPE.
IF THESE PROBLEMS DQ EXIST, THE HEADWALL NEEDS TO BE
REINFORCED WITH COMPACT EARTH OR SANDBAGS.

3. THE CUTLET PCINT IS TG BE FREE OF EROSION AND, IF
NECESSARY, ADDITIONAL OUTLET PROTECTION SHOULD BE
INSTALLED.

4. CONSTRUCTICN TRAFFIC IS NOT TGO CROSS THE SLOPE DRAIN
AND MATERIALS ARE NOT TO BE PLACED OM IT.

5. THE SLOPE DRAIN IS TO REMAIN IN PLACE UNTIL THE SLOPE
HAS BEEN COMPLETELY STABILIZED OR UP TO 30 DAYS AFTER
PERMANENT SLOPE STABILIZATION.
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GM: Geotextiles and Mats

Description &

Purpose

Objectives

Mattings of natural
materials are used to cover
the soil surface to reduce
erosion from rainfall impact,
hold soil in place, and
absorb and hold moisture
near the soil surface.
Additionally, matting may
be used to stabilize soils
until vegetation is

EC Erosion Control

established.
Potential Alternatives
Suitable Applications .
HS Hydroseeding
Geotextiles and Mats may be suitable in the following situations: WM Wood Mulch
e Short, steep slopes where erosion hazard is high and vegetation will be slow to establish. SM  Straw Mulch
e Stream banks where moving water at velocities between 3 ft/sec and 6 ft/sec are likely to HM  Hydraulic Mulch

wash out new vegetation.
] o o ) SLB Soil Binders
e In areas where the soil surface is disturbed and where existing vegetation has been

removed.

e When seeding cannot occur (e.g., late season construction and/or the arrival of an early
rain season).

e When the soils are fine grained and potentially erosive. These measures should be
considered in the following situations:

- Steep slopes, generally steeper than 3:1 (H:V).

- Slopes where the erosion potential is high.

- Slopes and disturbed soils where mulch must be anchored
- Disturbed areas where plants are slow to develop.

- Channels with flows exceeding 3.3 ft/sec.

- Channels to be vegetated.

- Stockpiles.

- Slopes adjacent to water bodies of Environmentally Sensitive Areas (ESAS).
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Properly installed mattings provide excellent erosion
control but do so at relatively high cost. This high cost
typically limits the use of mattings to areas of
concentrated channel flow and steep slopes.

Mattings are more costly that other BMP practices, limiting
their use to areas where other BMPs are ineffective (e.g.,
channel, steep slopes).

Installation is critical and requires experienced contractors.
The contractor should install the matting material in such a
manner that continuous contact between the material
and the soil occurs.

Geotextiles and Mats may delay seed germination, due to
reduction in soil temperature.

Blankets and mats are generally not suitable for
excessively rocky sites or areas where the final vegetation
will be mowed (since staples and netting can catch in
mowers).

Blankets and mats must be removed and disposed of prior
to application of permanent soil stabilization measures.

Plastic sheeting is easily vandalized, easily torn,
photodegradable, and must be disposed of at a landfill.

Plastic results in 100% runoff, which may cause serious
erosion problems in the areas receiving the increased flow.

The use of plastic should be limited to covering stockpiles
or very small graded areas for short periods of time (such
as through on imminent storm event) until alternative
measures, such as seeding and mulching, may be installed

Geotextiles, mats plastic covers, and erosion control
covers have maximum flow rate limitations; consult the
manufacturer for proper selection.

Not suitable for areas that have heavy foot traffic (tripping
hazard) - e.qg., pad areas around buildings under const.

Material Selection

Organic matting materials have been found to be effective
where re-vegetation will be provided by re-seeding. The
choice of matting should be based on the size of area, side
slopes, surface conditions such as hardness, moisture weed
growth, and availability of materials. The following natural
and synthetic mattings are commonly used:

Geotextiles

Material should be a woven polypropylene fabric with
minimum thickness of 0.06 in., minimum width of 12 ft
and should have minimum tensile strength of 150 |bs
(warp), 80 Ibs (fill) in conformance with the
requirements in ASTM Designation: Dasss. Geotextile
blankets must be secured in place with wire staples or
sandbags and be keying into tope of slopes to prevent
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infiltration of surface waters under geotextile. Staples
should be made of minimum 11 gauge steel wire and
should be U-shaped with 8 in. legs and 2 in. crown.

. Geotextiles may be reused if they are suitable for the
use intended.

Plastic Covers

. Plastic sheeting should have a minimum thickness of 6
mils, and must be keyed n at the top of slope and firmly
held in place with sandbags or other weights placed
no more than 10 ft apart. Seams are typically taped or
weighted down their entire length, and there should be
atleast a 12 in. to 24 in. overlap of all seams. Edges
should be embedded a minimum of 6 in. in the soil.

e Allsheeting must be inspected periodically after
installation and after significant rainstorms to check for
erosion, undermining, and anchorage failure. Any
failures must be repaired immediately. If washout or
breakage occurs, the material should be re-installed
after repairing the damage to the slope.

Erosion Control Blankets/Mats

. Biodegradable rolled erosion control products (RECPs)
are typically composed of jute fibers, curled wood
fibers, straw, coconut fiber, or a combination of these
materials.

- Jute — a natural fiber that is made into a yarn that is
loosely woven into a biodegradable mesh. Itis
designed to be used in conjunction with vegetation
and has longevity of approximately one year. The
material is supplied in rolled strips, which should be
secured to the solid with u-shaped staples or stakes
in accordance with manufacturer’s
recommendations.

- Excelsior - (curled wood fiber) blanket material
should consist of machine produced mats of curled
wood excelsior with 80% of the fiber 6in. or longer.
The excelsior blanket should be of consistent
thickness. The wood fiber must be evenly distributed
over the entire area of the blanket. The top surface
of the blanket should be covered with a
photodegradable extruded plastic mesh. The
blanket should be smolder resistant without the use
of chemical additives and should be non-toxic and
non-injurious to plant and animal life. Excelsior
blankets should be furnished in rolled strips, a
minimum of 48 in. wide and should have an average
weight of 0.8 Ib/yd?, +10%, at the time of
manufacture. Excelsior blankets must be secured in
place with wire staples. Staples should be made of
minimum 11 gauge steel wire and should be U-
shaped with 8 in. legs and 2 in. crown.

- Straw Blanket - Should be machine produced mats
of straw with lightweight biodegradable netting top
layer. The straw should be attached to the netting
with biodegradable thread or glue strips. The straw
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blanket should be of consistent thickness. The straw
should be evenly distributed over the entire area of
the blanket. Straw blanket should be furnished in
rolled strips a minimum of 6 ft wide, a minimum of 80
ft long and a minimum of 0.5 Ib/yd2. Straw blankets
must be secured in place with wire staples. Staples
should be made of minimum 11 gauge steel wire
and should be U-shaped with 8 in. legs and 2 in.
crown.

- Wood Fiber Blanket - Composed of biodegradable
fiber mulch with extruded plastic netting held
together with adhesives. The material is designed to
enhance re-vegetation. The material is furnished n
rolled strips, which must be secured to the ground
with U-shaped staples or stakes in accordance with
manufactures’ recommendation.

- Coconut Fiber Blanket — Should be machine
produced, 100% coconut fiber with biodegradable
netting on the top and bottom. The coconut fiber
should be attached to the netting with
biodegradable thread or glue strips. The coconut
fiber blanket should be of consistent thickness. The
coconut fiber should be furnished in rolled strips with
a minimum of 6. ft wide, a minimum of 80 ft long and
a minimum of0.5 Ib/yd2. Coconut fiber blankets must
be secured tin place with wire staples. Staples
should be made of minimum 11 gauge steel wire
and should be U-shaped with 8 in. legs and 2 in.
crown.

- Coconut Fiber Mesh - A thin permeable membrane
made from coconut or corn fiber that is spun into a
yarn and woven into a biodegradable mat. Itis
designed to be used in conjunction with vegetation
and typically has a longevity of several years. The
material is supplied in rolled strips, which must be
secured to the soil with U-shaped staple of stakes in
accordance with manufacturers’ recommendations.

- Straw Coconut Fiber Blanket — Should be machine
produced mats of 70% straw and 30% coconut fiber
with a biodegradable netting top layer and a
biodegradable bottom net. The straw and coconut
fiber should be attached to the netting with
biodegradable thread or glue strips. The straw
coconut fiber blanket should be of consistent
thickness. The straw and coconut fiber blanket
should be evenly distributed over the entire area of
the blanket. Straw coconut fiber blanket should be
furnished in rolled strips a minimum of 6.5 ft wide, a
minimum of 80 ft long and a minimum of 0.5 lbs/ydz.
Straw coconut fiber blankets must be secured in
place with wire staples. Staples should be made of
minimum 11 gauge steel wire and should be U-
shaped with 8 in. legs and 2 in. crown.

Non-biodegradable RECPs are typically composed of

polypropylene, polyethylene, nylon or other synthetic

fibers. In some cases, a combination of bio
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degradable and synthetic fibers is used to construct the
RECP. Netting used to hold these fibers together is
typically non-biodegradable as well.

- Plastic Netting - Is a lightweight biaxially oriented
netting designed for securing loose mulches like straw
or paper to soil surfaces to establish vegetation. The
netting is photodegradable. The netting supplied in
rolled strips, which must be secure with U-shaped
staples or stake in accordance with the
manufactures’ recommendations.

- Plastic Mesh — An open weave geotextile that is
composed of an extruded synthetic fiber woven into
a mesh with an opening size of less that 1/4in. Itis used
with re-vegetation or may be used to secure loose
fiber such as straw to the ground. The material
supplied in rolled strips, which must be secure with U-
shaped staples or stake in accordance with the
manufactures’ recommendations.

- Synthetic Fiber w/Netting — A mat that is composed of
durable synthetic fibers treated to resist chemicals
and ultraviolet light. The matis a dense three
dimensional mesh of synthetic (typically polyolefin)
fibers stitched between two polypropylene nets. The
mats are designed to be re-vegetated and provide a
permanent composite system of soil, roots, and
geomatrix. The material is furnished in rolled strips,
which must be secure with U-shaped staples or stake
in accordance with the manufactures’
recommendations.

- Bonded Synthetic Fibers — A three dimensional
geomatrix nylon (or other synthetic) matting. Typically
it has more than 90% open area, which facilitates root
growth. It’s tough root reinforcing system anchors
vegetation and protects against hydraulic lift and
shear forces created by high volume discharges. It
can be installed over prepared soil, followed by
seeding into the mat. Once vegetated, if becomes
an invisible composite system of sail, roots, and
geomatrix. The material is furnished in rolled strips,
which must be secure with U-shaped staples or stake
in accordance with the manufactures’
recommendations.

- Combination Synthetic and Biodegradable RECPs -
Biodegradable fibers, such as wood fiber or coconut
fiber, with a heavy polypropylene net stitched tot eh
top and a high strength continuous filament
geomatrix or net stitched to the bottom. The material
is designed to enhance re-vegetation. The material is
furnished in rolled strips, which must be secure with U-
shaped staples or stake in accordance with the
manufactures’ recommendations.

Site Preparation
e  Proper site preparation is essential to ensure complete
contact of the blanket or matting with the soil.
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. Grade and shape the area of installation

. Remove all rocks, clods, vegetation or other
obstructions so that the installed blankets or mats will
have complete, direct contact with the soil.

. Prepared seedbed by loosening 2 to 3 in. of topsoil.

Seeding

Seed the area before blanket installation for erosion control
and revegetation. Seeding after mat installation is often
specified for turf reinforcement application. When seeding
prior to blanket installation, all check slots and other areas
disturbed during installation must be re-seeded. Where soil
filling is specified, seed the matting and the entire disturbed
area after installation and prior to filling the mat with soil.

Fertilize and seed in accordance with seeding
specifications or other types of landscaping plans. When
using jute matting on a seeded area, apply approximately

half the seed before laying the mat and the remainder after

laying the mat. The protective matting can be laid over
ground covers are to be planted, lay the protective matting
first and then plant through matting according to design of
planting.

Check Slots

Check slots are made of glass fiber strips, excelsior matting
strips or tight folded jute matting blanket or strips for use on
steep, highly erodible watercourses. The check slots are
placed in narrow trenches 6 to 12 in. deep across the
channel and left flush with the soil surface. They are to
cover the full cross section of designed flow.

Layering and Securing Matting

. Before laying the matting, all check slots should be
installed and the friable seedbed mad free from clods,
rocks, and roots. The surface should be compacted
and finished according to the requirements of the of
the manufacturer’s recommendations.

. Mechanical or manual lay down equipment should be
capable of handling full rolls of fabric and laying the
fabric smoothly without wrinkles or folds. The
equipment should meet fabric manufacturer’s
recommendations.

Anchoring

. U-shaped wire staple, metal geotextile stake pins, or
triangular wooden stakes can be used to anchor mats
and blankets tot eh ground surface.

e  Wire staples should be made of minimum 11 gauge
steel wire and should be u-shaped with 8 in legs and 2
in. crown.

. Metal stake pins should be 0.188 in. diameter steel with
a 1.5 in. steel washer at the head of the pin, and 8 in. in
length.

e  Wire staples and metal stakes should be driven flush
with the soil surface.

Section 5: Field Section
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Installation on Slopes

Installation should be in accordance with the

manufacturer’s recommendations. In general, these will be

as follows:

. Begin at the top of the sloe and anchor the blanket in
a 6in. deep by 6 in. wide trench. Backfill trench and
tamp earth firmly.

. Unroll blanket down slope in the direction of water flow.

. Overlap the edges of adjacent parallel rolls 2 to 3 in.
and staple every 3 ft.

e  When blankets must be spliced place blanket end over
end (shingle style) wit 6 in. overlap. Staple through
overlapping area, approximately 12 in. apart.

e Lay blankets loosely and maintain direct contact with
the soil. Do no stretch.

e  Staple blankets sufficiently to anchor blankets and
maintain contact with the soil. Staples should be
placed down the center and staggered with the
staples placed along the edges. Steep slopes, 1:1
(H:V) to 2:1 (H:V), require a minimum of 2 staples/yd2.
Moderate slopes, 2:1 (H:V) to 3:1 (H:V), require a
minimum of 1Y staples/yd=2.

Installation in Channels

Installation should be in accordance with the

manufacturer’s recommendations. In general, these will be

as follows:

. Dig initial anchor trench 12 in. deep and 6 in. wide
across the channel at the lower end of the project
area.

. Excavate intermittent check slots, 6 in. deep and 6 in.
wide across the channel at 25 to 30 ft intervals along
the channels.

. Cut longitudinal channel anchor trenches 4 in. deep
and 4 in. wide along each side of the installation to
bury edges of matting, whenever possible extend
matting 2 o 3 in. above the crest of the channel side
slopes.

e Beginning at the downstream end and in the center of
the channel, place the initial en of the first roll in the
anchor trench and secure with fasting devices at 12 in.
intervals. Note: matting will initially be upside down in
anchor trench.

. In the same manner, position adjacent rolls in anchor
trench, overlapping the preceding roll a minimum of
3in.

e  Secure these initial ends of mats with anchors at 12 in.
intervals, backfill and compact soil.

. Unroll center strip of matting upstream. Stop at next
check slot or terminal anchor trench. Unroll adjacent
mats upstream in similar fashion, maintaining a 3 in.
overlap.
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Fold and secure all rolls of matting snugly into all transverse
check slots. Lay mat in the bottom of the slot then fold
back against itself. Anchor through both layers of mat at
12 in. intervals, then backfill and compact soil. Continue
rolling all mat widths upstream to the next check slot or
terminal anchor trench.

Alternate method for non-critical installations: Place two
rows of anchors on 6 in. centers at 25 to 30 ft. intervals in
lieu of excavated check slots.

Staple shingled lap spliced ends a minimum of 12 in. apart
on 12 in. intervals.

Place edges of outside mats in previously excavated
longitudinal slots; anchor using prescribed staple pattern,
backfill, and compact soil.

Anchor, fill, and compact upstream end of matin a 12 in.
by 6 in. terminal trench.

Secure mat to ground surface using U-shaped wire staples,
geotextile pins, or wooden stakes.

Seed and fill turf reinforcement matting with soil, if
specified.

Soil Filling (if specified for turf reinforcement)

Always consult the manufacturer’s recommendations for
installation.

Do not drive tracked or heavy equipment over mat.

Avoid any traffic over matting if loose or wet soil conditions
exist.

Use shovels, rakes, or brooms for fine grading and touch
up.

Smooth out soil filling just exposing top netting of mat.

Temporary Soil Stabilization Removal

Temporary soil stabilization removed from the site of the
work must be disposed of it necessary.

Don’t. Leave the blanket unsecured and edges
untrenched into the ground.

Section 5: Field Section
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Inspection and Maintenance

. Inspect BMPs prior to forecast rain, daily during

extended rain events, after rain events, weekly during
the rainy season, and at two-week intervals during the
non-rainy season, and at two-week intervals during the
non-rainy season.

. Inspect BMPs subject to non-stormwater discharges daily

while non-stormwater discharges occur.

e Areas where erosion is evident shall be repaired and

BMPs reapplied as soon as possible. Care should be
exercised to minimize the damage to protected areas
while making repairs, as any area damaged will require
reapplication of BMPs.

. If washout or breakage occurs, re-install the material

after repairing the damage to the slope or channel.

e  Make sure matting is uniformly in contact with the soil.
e Check that all the lap joints are secure.
e Check that staples are flush with the ground.

. Check that disturbed areas are seeded.

Do. Properly overlap seam to ensure slope protection.
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SF: Silt Fence

Section 5: Field Section

Best Management Practices (BMPs)

Description &

Purpose

Objectives

Asilt fence is made of a
filter fabric that has been
entrenched, attached to
supporting poles, and
sometimes backed by a
plastic or wire mesh for
support. The silt fence
detains sediment-laden
water, promoting
sedimentation behind the

EC

Erosion Control

Potential Alternatives

fence.
Suitable Applications
Silt fences may be suitable in the following situations:
e Perimeter control, placed below areas where sheet flows discharge from the site. FB

. Interior controls below disturbed areas where runoff may occur.

* Silt fences are generally ineffective in locations where the flow is concentrated and are
only applicable for sheet or overland flows.

e  When used in combination with erosion controls.
e Along streams and channels.
e Around temporary spoil areas and stockpiles.

. Below other small cleared areas.

Limitations

SWB Straw Bale Barrier

e Do not use in streams, channels, drain inlets, or anywhere flow is concentrated.

e Do not use in locations where ponded water may cause flooding.

. Do not place fence on a slope, or across any contour line. If not installed at the same

elevation throughout, silt fences will create erosion.

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

. Improperly installed fences are subject to failure from undercutting, overlapping, or

collapsing.

- Not effective unless trenched and keyed in.

- Not intended for use as mid-slope protection on slopes greater than 4:1 (H:V).

- Do not allow water depth to exceed 1.5 ft at any point.

Fiber Rolls

GBB Gravel Bag Berm

SBB Sandbag Barrier
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General

A silt fence is a temporary sediment barrier consisting of filter
fabric stretched across and attached to supporting posts,
entrenched, and, depending upon the strength of fabric
used, supported with plastic or wire mesh fence. Silt fences
trap sediment by intercepting and detaining small amounts
of sediment-laden runoff from disturbed areas in order to
promote sedimentation behind the fence.

Silt fences are preferable to straw bale barriers in many
cases. Laboratory work at the Virginia Highway and
Transportation Research Council has shown that silt fences
can trap a much higher percentage of suspended
sediments than can straw bales. While the failure rate of silt
fences is lower than that of straw bale barriers, there are
many instances where silt fences have been improperly
installed. The following layout and installation guidance
can improve performance and should be followed.

. Use principally in areas where sheet flow occurs.

. Don’t use in streams, channels, or anywhere flow is
concentrated. Don’t use silt fences to divert flow.

. Don’t use below slopes subject to creep, slumping, or
landslides.

. Select filter fabric that retains 85% of soil by weight,
cased on sieve analysis, but that is not finer than an
equivalent opening size of 70.

. Install along a level contour, so water does not pond
more that 1.5 ft at any point along the silt fence.

e The maximum length of slope draining to any point
along the silt fence should be 200 ft or less.

e The maximum slope perpendicular to the fence line
should be 1:1.

. Provide sufficient room for runoff to pond behind the
fence and to allow sediment removal equipment to
pass between the silt fence and toes of slopes or other
obstructions. About 1,200ft2 of ponding area should be
provided for every acre draining to the fence.

e Turn the ends of the filter fence uphill to prevent
stormwater from flowing around the fence.

. Leave and undisturbed or stabilized area immediately
down slope from the fence where feasible.

. Silt fences should remain in place until the disturbed
area is permanently stabilized.

Design and Layout

Selecting of a filter fabric is based on soil conditions at the
construction site (which affect the equivalent opening size
(EOS) fabric specification) and characteristics of the
support fence (which affect the choice of tensile strength).
The designer should specify a filter fabric that retains the soil
found on the construction site yet that it has openings large

Section 5: Field Section
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enough to permit drainage and prevent clogging. The

following criteria are recommended for selection of the

equivalent opening size:

1. If 50% or less of eh soil, by weight, will pass the U.S.
Standard Sieve No. 200, select the EOS to retain 85% of
the soil. The EOS should not be finer than EOS 70.

2. For all soil types, the EOS should be no larger than the
opening in the U.S. Standard Sieve No. 70 except
where direct discharge to a stream, lake, wetland will
occur, then the EOS should be no larger that Standard
Sieve No. 100.

To reduce the chance of clogging, it is preferable to specify

a fabric with openings as large as allowed by the criteria.

No fabric should be specified with a EOS smaller than U.S.

Standard Sieve No. 100. If 85% or more of a soil, by weight,

passes through the openings in a No. 200 sieve, filter fabric

should not be used. Most of the particles in such a soil
would not be retained if the EOS was too large and they
would clog the fabric quickly if the EOS were small enough
to capture the soil.

The fence should be supported by a plastic or wire mesh if
the fabric selected does not have sufficient strength and
bursting strength characteristics for the planned application
(as recommended by the fabric manufacturer). Filter fabric
material should contain ultraviolet inhibitors and stabilizers to
provide a minimum of six months of expected usable
construction life at a temperature range of 0°F to 120°F.

. Layout in accordance with attached figures.

. For slopes steeper than 2:1 (H:V) and that contain a
high number of rocks or large dirt clods that tend to
dislodge, it may be necessary to install additional
protection immediately adjacent tot eh bottom of the
slope, prior to installing silt fence. Additional protection
may be chain link fence or a cable fence.

. For slopes adjacent to sensitive receiving waters or
Environmentally Sensitive Areas (ESAS), silt fence should
be used in conjunction with erosion control BMPs.

. Don’t use below slopes subject to creep, slumping, or
landslides.

Materials

e Silt fence fabric should be woven polypropylene with a
minimum width of 36 in. and a minimum tensile strength
of 100 Ib force. The fabric should conform to the
requirements in ASTM designation Daes2 and should
have an integral reinforcement layer. The
reinforcement later should be polypropylene, or
equivalent, net provided by the manufacturer. The
permittivity of the fabric should be between 0.1 sec!
and 0.15 sec! in conformance with the requirements in
ASTM designation Daa:.

e  Wood stakes should be commercial Quality lumber of
the size and shape shown on the plans. Each stake
should be free from decay, splits or cracks longer than
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the thickness of the stake or other defects that would
weaken the stakes and cause the stakes to be
structurally unsuitable.

Staples used to fasten the fence fabric tot eh stakes
should be not less than 1.75 in. long and should be
fabricated from 15 gauge or heavier wire. The wire used
to fasten the tops of the stakes together when joining
two sections of fence should be 9 gauge or heavier
wire. Galvanizing of the fastening wire will not be
required.

There are new products that may use prefabricated
plastic holders for the silt fence and use bar
reinforcement instead of wood stakes. If bar
reinforcement is used in lieu of wood stakes, use number
four or greater bar. Provide end protection for any
exposed bar reinforcement.

Do. protect slopes from concentrated flows. Installation

Silt fences are to be constructed on a level contour.
Sufficient area should exist behind the fence for ponding to
occur without flooding or overtopping the fence.

b . .
Don’t. install siit fence where flow velocity and volume
will compromise structural integrity. If necessary reinforce .
silt fence in sensitive areas.

A trench should be excavated approximately 6 in. wide
and 6 in. deep along the line of the proposed silt fence.
Bottom of the silt fence should be keyed-in a minimum
of 12in.

Posts should be spaced a maximum of 6 ft apart and
driven securely into the ground a minimum of 18 in. or 12
in. below the top of the trench.

When standard strength filter fabric is used, a plastic or
wire mesh support should be fastened securely to the
upslope side of posts using heavy-duty wire staples at
least 1 in. long. The mesh should extend into the trench.
When extra-strength filter fabric should be purchased in
a long roll then cut to the length of the barrier. When
joints are necessary 6 in. filter cloth should be spliced
together only at a support post, with a minimum 6 in.
overlap and both ends securely fastened to the post.
The trench should be backfilled with compacted native
material.

Construct silt fences with a setback of at least 3 ft from
the toe of the slope. Where asilt fence is determined to
be not practical due to specific site condition, the silt
fence may be constructed at the toe of the slope, but
should be constructed as far from the toe of the slope as
practical. Silt fence close to the toe of the slope will be
less effective and difficult to maintain.

Construct the length of each reach so that the change
in base elevation along the reach does not exceed /3
the height of the barrier, in no case should the reach
exceed 500 ft.
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Inspection and Maintenance

e Inspect BMPs prior to forecast rain, daily during
extended rain events, after rain events, weekly during
the rainy season, and at two-week intervals during the
non-rainy season.

e  Repair undercut silt fences.

. Repair or replace split, torn, slumping, or weathered
fabric. The lifespan of silt fence fabric is generally 5 to 8
months.

. Silt fences that are damaged and become unsuitable
for the intended purpose should be removed from the
sire of work, disposed of, and replaced with new silt
fence barriers.

¢ Sediment that accumulates in the BMP must be
periodically removed in order to maintain BMP
effectiveness. Sediment should be removed when the
sediment accumulation reaches one-third of eh barrier
height. Sediment removed during maintenance may
be incorporated into earthwork on the site or disposed
at an appropriate location.

DO- Install silt fence to keep sediment laden runoff on e Siltfence should be left in place until the upstream area

site. is permanently stabilized. Until then, the silt fence must
be inspected and maintained.

e Holes, depressions, or other ground disturbance caused
by the removal of the silt fences should be backfilled
and repaired.

Don’t. usessilt fence as a check dam.
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GASE SHALL THE REACH LENGTH EXCEED 500 FEET,
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3. STAKE DIMENSIONS ARE NOMINAL.
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ED: Earth Dikes and Drainage Swales

Description &

Purpose
P Objectives

An earth dike is a
temporary berm or ridge of
compacted soil used to
divert runoff or channel
water to a desired location.
A drainage swale is a
shaped and sloped
depression in the soll
surface used to convey
runoff to a desired location.
Earth dikes and drainage
swales are used to diver off
site runoff around the
construction site; divert
runoff from stabilized areas

EC Erosion Control

and disturbed areas, and

) ) i Potential Alternatives
direct runoff into sediment

basins or trapns.

None

Suitable Applications

Earth Dikes and Drainage Swales may be suitable in the following situations:

Where runoff needs to be diverted from one area and convey to another.

To convey surface runoff down sloping terrain.

To intercept and divert runoff to avoid sheet flow over steep sloped surfaces.

To divert and direct runoff toward a stabilized watercourse, drainage pipe or channel.

To intercept runoff from paved surfaces

Below steep grades where runoff begins to concentrate.

Along roadways and facility improvements subject to flood drainage.

At the top of slopes to divert run-on from adjacent or undisturbed slopes.

At bottom and mid slope location to intercept sheet flow and convey concentrated flows.

Divert sediment laden runoff into sediment basins or traps.

Limitations

Dikes should not be used for drainage areas greater than 10 acres or along slopes greater than
10%. For larger areas more permanent drainage structures should be built. All drainage
structures should be built in compliance with local and municipal requirements.

Earth dikes may create more disturbed area on site and become barriers to construction
equipment.

Earth dikes must be stabilized immediately, which adds cost and maintenance concerns.

Diverted stormwater may cause downstream flood damage.
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. Dikes should not be constructed of souls that may be
easily eroded.

e Re-grading the site to remove the dike may add
additional cost.

e Temporary drains and swales or any other diversion of
runoff should not adversely impact upstream of
downstream properties.

e Temporary drains and swales must conform to local
floodplain management requirements.

. Earth dikes/drainage swales are not suitable as sediment

trapping devices

. It may be necessary to use other soil stabilization and
sediment controls such as check dams, plastics, and
blankets to prevent scour and erosion in newly graded
dikes, swales, and ditches.

The temporary earth dike is a berm or ridge of compacted
soil, located in such a manner as to divert stormwater to
sediment trapping device or a stabilized outlet, thereby
reducing the potential for erosion and offsite sedimentation.
Earth dikes can also be used to divert runoff from off site
and from undisturbed areas away from disturbed areas and
to divert sheet flows away from unprotected slopes.

An earth dike does not itself control erosion or remove
sediment from runoff. A dike prevents erosion by directing
runoff to an erosion control device such as a sediment trap
of directing runoff away from erodible areas. Temporary
diversion dikes should not adversely impact adjacent
properties and must conform to local floodplain
management regulations, and should not be used in areas
with slopes greater than 10%.

Slopes that are formed during cut and fill operations should
be protected from erosion by runoff. A combination of a
temporary drainage swale and an earth dike at the top of
a slope can divert runoff to a location where it can be
brought to the bottom of the slope (se SD, Slope Drain). A
combination dike and swale is easily constructed be a
single pass of a bulldozer of grader and compacted be a
second pass of the tracks or wheels over the ridge.
Diversion structures should be installed when the site is
initially graded and remain in place until post construction
BMPs are installed and the slopes are stabilized.

Diversion practices concentrate surface runoff, increasing
its velocity and erosive force. Thus, the flow out of the drain
or swale must be directed onto a stabilized area or into a
grade stabilization structure. If significant erosion will occur,
a swale should be stabilized using vegetation, chemical
treatment, rock riprap, matting, or other physical means of
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stabilization. Any drain or swale that conveys sediment
laden runoff must be diverted into a sediment basin or trap
before it is discharged from the site.

General

. Care must be applied to correctly size and locate
earth dikes, drainage swales. Excessively steep, unlined
dikes and swales are subject to erosion and gully
formation.

. Conveyances should be stabilized.

. Use a lined ditch for high flow velocities.

e Select flow velocity based on careful evaluation of the
risks due to erosion of the measure, soil types,
overtopping, flow backups, washout, and drainage
flow patterns for each project site.

. Compact any fills to prevent unequal settlement.

. Do not divert runoff onto other property without
securing written authorization from the property owner.

e  When possible, install and utilize permanent dikes,
swales, and ditches early in the construction process.

e  Provide stabilized outlets.

Earth Dikes

Temporary earth dikes are a practical, inexpensive BMP

used to divert stormwater runoff. Temporary diversion dikes

should be installed in the following manner.

e Alldikes should be compacted by earth moving
equipment.

e Alldikes should have positive drainage to an outlet.

e Alldikes should have 2:1 or flatter side slopes, 18 in.
minimum height, and a minimum top width of 24 in.
Wide top widths and flat slopes are usually needed at
crossings for construction traffic.

e The outlet from the earth dike must function with a
minimum of erosion. Runoff should be conveyed to a
sediment trapping device such as a Sediment Trap (ST)
or Sediment Basin (SB) when either the dike channel or
the drainage area above the dike are not adequately
stabilized.

¢ Temporary stabilization may be achieved using seed
and mulching for slopes less than 5% and either riprap
or sod for slopes in excess of 5%. In either case
stabilization of the earth dike should be completed
immediately after construction or prior tot eh first rain.

. If riprap is used to stabilize the channel formed along
the toe of the dike, the following specifications apply:

Channel Grade Riprap Stabilization
0.5-1.0% 4in. Rock
1.1-2.0% 6 in. Rock
2.1-4.0% 8 in. Rock
4.1-5.0% 8in.-12in. Riprap

e The stone riprap used for stabilization should be pressed
into the soil with construction equipment.

e  Filter cloth may be used to cover dikes in use for long
periods.
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. Construction activity on the earth dike should be kept to debris and sediment. Remove debris and sediment and
a minimum. repair linings and embankments as needed.
Drainage Swales e Temporary conveyances should be completely
Drainage swales are only effective if they are properly removed as soon as the surrounding drainage area has
installed. Swales are more effective than dikes because they been stabilized or at the completion of construction.

tend to be more stable. The combination of a swale with a
dike of the downhill side is the most cost effective diversion.
Standard engineering design criteria for small open channel
and closed conveyance systems should be used. Unless
local drainage design criteria state otherwise, drainage
swales should be designed as follows:

e No more than 5 acres may drain to a temporary
drainage swale.

e Place drainage swales above or below, not on, a cut or
fill slope.

. Swale bottom width should be at least 2 ft.

. Depth of the swale should be at least 18 in.

. Side slopes should be 2:1 or flatter.

e Drainage swales should be laid at a grade of at least
1%, but not more than 15%.

e The swale must no be overtopped by the peak
discharge from a 10-year storm, irrespective of the
design criteria stated above.

* Remove all trees, stumps, obstructions, and other DoO. Line the channel when highly erodible soils may be
objectionable material from the swale when it is built. encountered.

. Compact any dill material along the path of the swale.
e Stabilize all swales immediately. Seed and mulch swales
at a slope of less than 5%, and use riprap or sod for
swales with a slope between 5 and 15%. For temporary

swales, geotextiles and mats may prove immediate
stabilization.

e [rrigation may be required to estabilish sufficient
vegetation to prevent erosion.

e Do not operate construction vehicles across a swale
unless a stabilized crossing is provided.

e Permanent drainage facilities must be design by a
professional engineer.

e At a minimum, the drainage swale with a positive grade
to a stabilized outlet.

. Provide erosion protection or energy dissipation
measures if the flow out of the drainage swale can
reach and erosive velocity.

Inspection and Maintenance

. Inspect BMPs prior to forecast rain, daily during
extended rain events, after rain events, weekly during
the rainy season, and at two-week intervals during the
non-rainy season.

e Inspect BMPs subjected to non-stormwater discharges
daily while non-stormwater discharge occurs.

e Inspect ditches and berms for washouts. Replace lost
riprap, damaged linings or soil stabilizers as needed.

e Inspect channel linings, embankments, and beds of
ditches and berms for erosion and accumulation of

Don’t. wait until the runoff has already created severe
erosion areas.
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EARTH DIKES AND DRAINAGE SWALES

STABILIZING COVER WHEM NEEDED

COWMPACT FILL

NATURAL GROUND LINE

2:1 {H: V) SLOPE OR FLATTER

TYPICAL. DRAINAGE SWALE
NOT TO SCALE

NOTES:
1. STABILIZE IMLET, QUTLETS AND SLOPES.

2. PROPERLY COMPACT THE SUBGRADE.

STABILIZING COVER WHEN NEEDED

COMPACT FILL

NATURAL GROUND LINE

TYPICAL EARTH DIKE
NOT TO SCALE
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SB: Sediment Basin

Description &
Purpose

A sediment basin is a
temporary basin formed by
excavation or by
constructing an
embankment so that
sediment-laden runoff is
temporarily detained under
latent conditions, allowing
sediment to settle out
before the runoff is
discharged.

Suitable Applications

Sediment basins may be suitable in the following situations:

. Large projects with room enough to construct the basin.

¢ Where sediment-laden water may enter the drainage system or watercourse.
. On construction projects with disturbed areas during the rainy season.

e Atthe outlet of disturbed watersheds between 5 acres and 75 acres.

e Atthe outlet of large disturbed watersheds, as necessary.

e  Where post construction detention basins are required.

e In association with dikes, temporary channels, and pipes used to convey runoff from
disturbed areas.

Limitations

Sediment basins must be installed only within the property limits and where failure of the
structure will not result in loss of life, damage to homes or buildings, or interruption of use or
service of public roads or utilities. In addition, sediment basins are attractive to children and
can be very dangerous. Local ordinances regarding health and safety must be adhered to. |If
fencing of the basin is required, the type of fence and its location should be shown in the
grading plan and in the construction specifications.

. Generally, sediment basins are limited to drainage areas of 5 acres or more, but not
appropriate for drainage areas greater than 75 acres.

¢ Sediment basins may become an “attractive nuisance” and care must be taken to

adhere to all safety practices. If safety is a concern basins may require protective fencing.

e Sediment basins designed according to this detail are only practically effective in
removing sediment down to about the medium silt size fraction. Sediment-laden runoff
with smaller size fractions (fine silt and clay) may not be adequately treated unless
chemical treatment is used in addition to the sediment basin.

Objectives

SC Sediment Control

Potential Alternatives

ST Sediment Trap (for
small areas)
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e Sites with very fine sediments (fine silt and clay) may
require longer detention times for effective sediment
removal.

. Basins with a height of 25 ft or more or an impounding
capacity of 50 ac-ft or more must obtain approval from
Division of Dam Safety

. Standing water may cause mosquitoes of other pests to
breed.

e Basins require large surface areas to permit settling of

cadimant Qiza mav he limited hv tha availahle araa

General

A sediment basin is a controlled stormwater release
structure formed by excavation or by construction of an
embankment of compacted soil across a drainage way, or
other suitable location. It is intended to trap sediment
before it leaves the construction site. The basin is a
temporary measure with a design life of 12 to 28 months in
most cases and is to be maintained until the site area is
permanently protected against erosion of a permanent
detention basin is constructed.

Sediment basins are suitable for nearly all types of
construction projects. Whenever possible, construct the
sediment basins before clearing and grading work begins.
Basins should be located at the stormwater outlet from the
site but not in any natural of undisturbed stream. A typical
application would include temporary dikes, pipes, and/or
channels to divert runoff to the basin inlet.

Many development projects in Washington City will be
required by local ordinance to provide a stormwater
detention basin for post-construction flood control, desilting,
or stormwater pollution control. A temporary sediment
basin may be constructed by rough grading the post-
construction control basins early in the project.

Sediment basins trap 70 — 80% of the sediment that flows
into them if designed according to this detail. Therefore
they should be used in conjunction with erosion control
practices such as mulching, diversion dikes, etc., to reduce
the amount of sediment flowing into the basin.

Planning

To improve the effectiveness of the basin, it should be
located to intercept runoff from the largest possible amount
of disturbed area. The best locations are generally low
areas. Drainage into the basin can be improved by the use
of earth dikes and drainage swales. The basin must not be
located in a stream but it should be located to trap
sediment-laden runoff before it enter the stream. The basin
should not be located where its failure would result in the

Section 5: Field Section
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loss of life or interruption of the use of service of public

utilities or roads.

. Construct before clearing and grading work begins
when feasible.

. Do not locate in stream

. Basin sites should be located where failure of the
structure will not cause loss of life, damage to homes or
buildings, or interruption of use or service of public
roads or utilities.

. Large basins are subject to state and local dam safety
requirements.

. Limit the contributing area to the sediment basin to
only the runoff from the disturbed soil areas. Use
temporary concentrated flow conveyance controls to
divert run off from undisturbed areas away from the
sediment basin.

e The basin should be located: (1) by excavating a
suitable area or where a low embankment can be
constructed across a swale, (2) where post-
construction (permanent) detention basins will be
constructed, and (3) where the basins can be
maintained on a year-round basis to provide access for
maintenance, including sediment removal and
sediment stockpiling in a protected area, and to
maintain the basin to provide the required capacity.

Design

¢ The volume of the settling zone should be sized to
capture runoff from a 2-year storm or other appropriate
design storms specified by Washington City. A
detention time of 24 to 40 hours should allow 70 to 80%
of sediment to settle.

e The basin volume consists of two zones:
- A sediment storage zone at least 1 ft deep.
- A settling zone at least 2 ft deep.

e The length to settling depth ratio (L/SD) should be less
than 200.

e Sediment basins are best used in conjunction with
erosion controls. Sediment basins that are used in
conjunction with upstream erosion and sediment
control should be designed to have a capacity
equivalent to 67 yd3 of sediment storage per acre of
contributory area.

e The length of the basin should be more than twice the
width of the basin; the length should be determined by
measuring the distance between the inlet and the
outlet.

. Limit the contributing area to the sediment basin to
only the runoff from the disturbed soil areas. Use
temporary concentrated flow conveyance controls to
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divert run off from undisturbed areas away from the
sediment basin.

The basin should be located: (1) by excavating a
suitable area or where a low embankment can be
constructed across a swale, (2) where post-construction
(permanent) detention basins will be constructed, and
(3) where the basins can be maintained on a year-
round basis to provide access for maintenance,
including sediment removal and sediment stockpiling in
a protected area, and to maintain the basin to provide
the required capacity.

Basins with an impounding levee greater than 4.5 ft tall,
measured from the lowest point to the impound area to
the highest point of eh levee, and basins capable of
impounding more that 35,000 ft3, should be designed be
a Registered Civil Engineer. The design should include
maintenance requirements, including sediment and
vegetation removal, to ensure continuous function of
the basin outlet and bypass structures.

Basins should be designed to drain within 72 hours
following storm events. If a basin fails to drain within 72
hours, it must be pumped dry.

Sediment basins, regardless of size and storage volume,
should include features to accommodate overflow or
bypass flows that exceed the design storm event.

- Include and emergency spillway to accommodate
flows not carried by the principal spilway. The
spillway should consist of an open channel (earthen
of vegetated) over undisturbed material (not fill) or
constructed of a non-erodible riprap.

- The spillway control section, which is a level portion
of the spillway channel at the highest elevation in
the channel, should be a minimum of 20 ft in length.

Rock or vegetation should be used to protect the basin
inlet and slopes against erosion.

A forebay constructed upstream of the basin may be
provided to remove debris and larger particles.

The outflow from the sediment basin should be provided
with velocity dissipation devices to prevent erosion and
scouting of the embankment and channel.

Basin inlets should be located to maximize travel
distance to the basin outlet.

The principal outlet should consist of a corrugated
metal, high density polyethylene (HDPE), or reinforced
concrete riser pipe with dewatering holes and an anti-
vortex device and trash rack attached to the top of the
riser, to prevent floating debris from flowing out of the
basin or obstruction the system. This principal structure
should be designed to accommodate the inflow design
storage.

Section 5: Field Section
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A rock pile or rock-filled gabions can serve as
alternative to the debris screen; although the designer
should be aware of the potential for extra
maintenance involved should the pore spaces in the
rock pile clog.

The outlet structure should be placed on a firm, smooth
foundation with the base securely anchored with
concrete or other means to prevent flotation.

Attach riser pipe (watertight collection) to a horizontal
pipe (barrel). Provide anti-seep collars on the barrel.

Cleanout level should be clearly marked on the riser
pipe.

Proper hydraulic design of the placed on a firm,
smooth foundation with the base securely anchored
with concrete or other means to prevent floatation.

The two most common outlet problems that occur are:
(1) the capacity of the outlet is too great resulting in
only partial filing of the basin and drawdown time less
than designed for; and (2) the outlet clogs because it is
not adequately protected against trash and debris. To
avoid these problems, the following outlet types are
recommended for use: (1) a single orifice outlet with or
without the protection of a riser pipe, and (2)
perforated riser. Design guidance for single and
perforated riser outlets follow:

- Flow Control Using a Single Orifice at the Bottom of
the Basin (Figure 1): The outlet control orifice should
be sized using the following equation:

- 2A(H —H,)* _ (7x10°)A(H —H,)°**

© 3600CT (29)%° CT

Where: a = area of orifice

A = surface area of the basin at mid elevation (ft2)
C = orifice coefficient

T = draw down time of full basin (hrs)

g = gravity (32.2 ft/sec?)

H = elevation when the basin is full (ft)

Ho = final elevation when basin is empty (ft)

With a drawdown time of 40 hours, the equation becomes:

. (1.75x16°) A(H — H,)°®
- C

- Flow Control Using Multiple Orifices (see Figure 2):

2A(h

max )

a = _ 05
3600CT (Zg[hmax hcentroid _of _ orifices ])

With terms as described above except:

a: = total area of orifice
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hmax = maximum height from lowest orifice to the e  BMPs that require dewatering shall be continuously
maximum water surface (ft) attended while dewatering takes place. Dewatering
Ncentroid of orifice = height from the lowest orifice to the BMPs shall be used at all times during dewatering.

centroid of the orifice configuration (ft)
e To minimize vector production:

- Remove accumulation of live and dead floating
vegetation in basins during every inspection.

Allocate the orifices evenly on two rows; separate the holes
by 3x hole diameter vertically, and by 120° horizontally (refer

to figure 2). . )

9 ) - Remove excessive emergent and perimeter
Because basins are not maintained for infiltration, water loss vegetation as needed or as advised by local or
by infiltration should be disregarded when designing the state vector control agencies.

hydraulic capacity of the outlet structure.

Care must be taken in the selection of “C”; 0.60 is most often
recommended and used. However based on actual tests,
GKY (1989), “Outlet Hydraulic of Extended Detention Facilities
for Northern Virginia Planning District Commission”,
recommends the following:

C = 0.66 for thin materials; where the thickness is equal to
or less than the orifice diameter, or

C = 0.80 when the material is thicker than the orifice

Installation

e Securely anchor and install an anti-seep collar on the
outlet pipe/riser and provide an emergency spillway for
passing major floods.

. Areas under embankments must be cleared and
stripped of vegetation.

e Chain link fencing should be provided around each DO. Design an outlet structure that slows the flow to allow

sediment basin to prevent unauthorized entry to the sediment to settle out of the runoff.

basin or if safetv is a concern.

Inspection and Maintenance

e Inspect BMPs prior to forecast rain, daily during
extended rain events, after rain events, weekly during
the rainy season, and at two-week intervals during the
non-rainy season.

. Examine basin banks for seepage and structural
soundness.

. Check inlet and outlet structures and spillway for any
damage or obstruction. Repair damage and remove
obstruction as needed.

e Checkinlet and outlet area for erosion and stabilize if
required.

e Check fencing for damage and repair as needed.

. Sediment that accumulates in the BMP must be
removed in order to maintain BMP effectiveness.
Sediment should be removed when sediment
accumulation reaches one-half the designated
sediment storage volume. Sediment removed during
maintenance may be incorporated into earthwork on Don’t. Build a sediment basin without an armored
the site or disposed of at an appropriate location. spillway.

. Remove standing water from basin within 72 hours after
accumulation.
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SEDIMENT BASIN
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ST: Sediment Trap

Description &

Purpose
P Objectives

A sediment trap is a
containment area where
sediment-laden runoff is
temporarily detained under
latent conditions, allowing
sediment to settle out of
before the runoff is
discharged. Sediment
traps are formed by
excavating or constructing
an earthen embankment
across a waterway of low
drainage area.

SC Sediment Control

Suitable Applications Potential Alternatives

Sediment traps may be suitable in the following situations:

e  Atthe perimeter of the site at locations where sediment-laden runoff is discharged offsite. SB  Sediment Basin (for
larger areas)

¢ At multiple locations within the project site where sediment control is needed.

e  Around or upslope from storm drain inlet protection measures.

e Construction projects where the drainage area is less than 5 acres. Traps would be placed
where sediment-laden stormwater may enter a storm drain or watercourse.

e Asasupplemental control, sediment traps provide additional protection for a water body
or for reducing sediment before it enters a drainage system.

Limitations

. Requires large surface areas to permit infiltration and settling of sediment.

e Not appropriate for drainage areas greater than 5 acres.

e  Only removes large and medium sized particles and requires upstream erosion control.
e Attractive and dangerous to children, requiring protective fencing.

e  Conductive to vector production

. Should not be located in live streams.



Washington City Grading Manual

Design

A sediment trap is a small temporary ponding area, usually
with a gravel outlet, formed by excavation or by
construction of an earthen embankment. Its purpose is to
collect and store sediment from sites cleared or graded
during construction. Itis intended for use on small drainage
areas with no unusual drainage features and projected for
a quick build-out time. It should help in removing coarse
sediment from runoff. The trap is a temporary measure with
a design life of approximately six months to one year and is
to be maintained until the site area is permanently
protected against erosion by vegetation and/or structures.

Sediment traps should be used only for small drainage
areas. If the contributing drainage area is greater than 5
acres, refer to SB, Sediment Basins, or subdivide the
catchment area into smaller drainage basins.

Sediment usually must be removed from the trap after each
rainfall event. The drainage plan should detail how this
sediment is to be disposed of, such as in fill areas onsite, or
removal to an approved offsite dump. Sediment traps used
as perimeter controls should be installed before any land
disturbance takes place in the drainage area.

Sediment traps are usually small enough that a failure of the
structure would not result in a loss of life, damage to homes
of buildings, or interruption in the use of public roads or
utilities. However, sediment traps are attractive to children
and can be dangerous. The following recommendations
should be implemented to reduce risks:

. Install continuous fencing around the sediment trap or
pond.

. Restrict basin side slopes to 3:1 or flatter.

Sediment trap size depends on the type of soil, size of the
drainage area, and desire sediment removal efficiency. As
a rule of thumb, the larger the basin volume the greater the
sediment removal efficiency. The runoff volume from a 2-

year storm is a common design criterion for a sediment trap.

The sizing criterion below assumes that this runoff volume is
0.042 acre-ft/acre (0.5 in. of runoff). While the climatic,
topographic, and soil type extremes make it difficult to
establish broad spectrum standards, the following criteria
should trap moderate to high amounts of sediment in most
areas of Washington County:
. Locate sediment traps as near as practical to areas
producing the sediment.

e Trap should be situated according to the following
criteria: (1) by excavating a suitable area or where a
low embankment can be constructed across a swale,
(2) where failure would not cause loss of life or property
damage, and (3) to provide access for maintenance,

Section 5: Field Section
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including sediment removal and sediment stockpiling in
a protected area.

e Trap should be sized to accommodate a settling zone
and sediment storage zone with recommended
minimum volumes of 67yd3/acre and 33 yd3/acre of
contributing drainage area, respectively based on 0.5
in. of runoff volume over a 24-hour period. In many
cases, the size of an individual trap is limited by
available space. Multiple traps or additional volume
may be required to accommodate specific rainfall,
soil, and site conditions.

e Traps with an impounding levee greater than 4.5 ft tall,
measured from the lowest point to the impounding
area to the highest point of the levee, and traps
capable of impounding more than 35,000 ft® should be
designed by a Registered Civil Engineer. The design
should include maintenance requirements, including
sediment and vegetation removal, to ensure
continuous function of the reap outlet and bypass
structures.

e The outlet pipe or open spillway must be designed to
convey anticipated peak flows.

. Use rock or vegetation to protect the trap outlets
against erosion.

. Fencing should be provided to prevent unauthorized
entry.

Sediment traps can be constructed by excavating a
depression in the ground or crating an impoundment with a
small embankment. Sediment traps should be installed
outside the area being graded and should be built prior to
the start of the grading activities or removal of vegetation.
To minimize the area disturbed by them, sediment traps
should be installed in natural depressions or in swales or
drainage ways. The following steps must be followed during
installation:

e The area under the embankment must be cleared,
grubbed, and stripped of any vegetation and root mat.
The pool area should be cleared.

e The fill material for the embankment must be free of
roots or other woody vegetation as well as oversized
stones, rocks, organic material, or other objectionable
material. The embankment may be compacted by
traversing with equipment while it is being constructed.

e  All cut and fill slopes should be 3:1 or flatter.
e  When ariser is used, all pipe joints must be watertight.

e When ariser is used, at least the top two-thirds of the
riser should be perforated with 0.5 in. diameter holes
spaced 8 in. vertically and 10 to 12 in. horizontally.
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Do. provide sediment trap for areas not large enough to
require a sediment basin.

Don’t. Allow sediment to discharge escape the site.

Section 5: Field Section
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When an earth or stone outlet is use, the outlet crest
elevation should be at least 1 ft below the top of the
embankment.

When crushed stone outlet is used, the crushed stone
used in the outlet should meet AASHTO Mas, size No. 2 or
24, or its equivalent. Gravel meeting the above
gradation may be used if crushed stone is not available.

Inspect BMPs prior to forecast rain, daily during
extended rain events, after rain events, weekly during
the rainy season, and at two-week intervals during the
non-rainy season.

Inspect outlet area for erosion and stabilize if required.

Inspect trap banks for seepage and structural
soundness, repair as needed.

Inspect outlet structure and spillway for any damage or
obstruction. Repair damage and remove obstructions
as needed.

Inspect fencing for damage and repair as needed.

Inspect the sediment trap for areas of standing water
during every visit. Corrective measures should be taken
if the BMP does no dewater completely in 72 hours or
less to prevent vector production.

Sediment that accumulates in the BMP must be
removed in order to maintain BMP effectiveness.
Sediment should be removed when sediment
accumulation reaches one-half the designated
sediment storage volume. Sediment removed during
maintenance may be incorporated into earthwork on
the site or disposed of at an appropriate location.

Remove vegetation from the sediment trap when first
detected to prevent pools of standing water and
subsequent vector production.

BMPs that require dewatering shall be continuously
attended while dewatering takes place. Dewatering
BMPs shll be implemented at all times during
dewatering activities.
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FR: Fiber Rolls

Description &

Purpose
P Objectives

A fiber roll consists of straw,
flax, or other similar
materials bound into a tight
tubular roll. When fiber rolls
re place at the toe and on
the face of slopes, they
intercept runoff, reduce its
velocity, release the runoff
as sheet flow, and provide
removal of sediment from
the runoff. By interrupting
the length of the slope,
fiber rolls can also re

SC Sediment Control

erosion.
Suitable Applications Potential Alternatives
Fiber rolls may be suitable in the following situations:
e Along the toe, top, face, and at grade breaks of exposed and erodible slopes to shorten Sk SiltFence
slope length and spread runoff as sheet flow GBB GravelBag Berm

At the end of a downward slope where it transitions to a steeper slope. .
* P P P SBB Sandbag Barrier

e Along the perimeter of a project. .
SWB Straw Bale Barrier

e  Ascheck dams in unlined ditches

e Down-slope of exposed soil areas

e  Around temporary stockpiles.

Limitations

. Fiber rolls are not effective unless trenched.

e Fiberrolls at the toe of slopes greater than 5:1 (H:V) should be a minimum of 20 in.
diameter or installations achieving the same protection (i.e. stacked smaller diameter fiber
rolls, etc.).

. Difficult to move once saturated.
e If not properly staked and trenched in, fiber rolls could be transported by high flows.
. Fiber rolls have a very limited sediment capture zone

. Fiber rolls should not be used on slopes subject to creep, slumping, or landslides.
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as an erosion control device to maintain sheet flows,

Implementation sediment that accumulates in the BMP should be
removed when sediment accumulation reaches one-
Fiber Roll Material half the designated sediment storage depth, usually
¢ Fiberrolls should be either prefabricated rolis or rolled one-half the distance between the top of the fiber roll
tubes of erosion control blanket. and the adjacent ground surface. Sediment removed

during maintenance may be incorporated into
earthwork on the site or disposed of at an appropriate
location.

Assembly of Field Rolled Fiber Roll
e Roll length of erosion control blanket into a tube of

minimum 8 in. diameter.
. If fiber rolls are used for erosion control, such as in a mini

check dam, sediment removal should not be required
as long as the system continues to control the grad.
Sediment control BMPs will likely be required in
conjunction with this type of application.

. Bind roll at each end and every 4 ft long length of roll
with jute-type twine.

Installation

e Locate fiber rolls on level contours spaced as follows:

- Slope inclination of 4:1 (H:V) of flatter: Fiber rolls
should be placed at a maximum interval of 20 ft.

- Slope inclination between 4:1 and 2:1 (H:V): Fiber
rolls should be placed at a maximum interval of 15
ft. (a closer spacing is more effective)

- Slope inclination 2:1 (H:V) or greater: Fiber rolls
should be placed at a maximum interval of 10 ft. (a
closer spacing is more effective)

e Turn the ends of he fiber roll up slope to prevent runoff
from going around the roll.

. Stake fiber rolls into a 2 to 4 in. deep trench with a width
equal to the diameter of the fiber roll.

- Drive stakes at the end of each fiber roll and

spaced 4 ft maximum of center.
P Do. Securely anchor the fiber roll to level contours with

- Use wood stakes with a nominal classification of approved stakes.
0.75 by 0.75 in. and minimum length of 24 in.

e If more than one fiber roll is placed in a row, the roll
should be overlapped, not abutted.

Removal
e Fiberrolls are typically left in place.

e [ffiberrolls are removed, collect and dispose of
sediment accumulation, and fill and compact holes,
trenches, depressions or any other ground disturbance
to blend with adjacent ground.

Inspection and Maintenance

e Inspect BMPs prior to forecast rain, daily during
extended rain events, after rain events, weekly during
the rainy season, and at two-week intervals during the
non-rainy season.

DoO. install fiber rolls with overlapping ends and place end
e  Repair of replace split, torn, unraveled or slumping fiber where runoff will accumulate facing uphill.
rolls.

e Ifthe fiberroll is used as a sediment capture device, or



Washington City Grading Manual Section 5: Field Section
Best Management Practices (BMPs)

FIBEE ROLLS

NOTE:
INSTALL FIBER ROLL ALOWNG A LEWEL CONTOUR.

™ NST
olopgl
‘NTU ¢ WHA‘ F|

A STEEERE B‘TER i
Peg! TRoll

A N
SLQPE\MT'SI\“}E

TYPICAL FIBER ROLL INSTALLATION
NOT TO SCALE

FIBER ROLE
12" (MIN) (8 IN. MIM.)
24" (Max)

127 (MIN)

™

3/4 M. % 3/4 N
WOOD STAKES
(4 IN. MAX SPACING)

ENTRENCHMENT DETAIL
NOT TO SCALE




Washington City Grading Manual

Gravel bag berm may be suitable in the following situations:

e Aslinear sediment control measure:
- Below the toe of slopes and erodible slopes.
- As sediment traps at culvert/pipe outlets.
- Below other small cleared areas
- Along the perimeter of the site.
- Down slope of exposed soil areas.
- Around temporary stockpiles and spoil areas.

- Parallel to a roadway to keep sediment of paved areas.

- Along streams and channels.
e Aslinear erosion control measure:

Section 5: Field Section
Best Management Practices (BMPs)

Objectives

A gravel bag berm is a
series of gravel-filled bags
placed on a level contour
to intercept sheet flows.
Gravel bags pond sheet
flow runoff, allowing
sediment to settle out, and
release runoff slowly as
sheet flow, preventing
erosion.

SC

Sediment Control

Potential Alternatives

SF

FB

SBB

SWB

- Along the face and at grade breaks of exposed and erodible slopes to shorten slope

length and spread runoff as sheet flow.

- At the top of slopes to divert runoff away from disturbed slopes.

- As check dams across mildly sloped construction roads.

. Gravel berms may be difficult to remove.

. Removal problems limit their usefulness in landscaped areas.

. Gravel bag berms may not be appropriate for drainage areas greater than 5 acres.

. Runoff will pond upstream of the filter, possibly causing flooding if sufficient space does not

exist.

. Degraded gravel bags may rupture when removed, spilling contents.

. Installation can be labor intensive.

. Berms may have limited durability for long-term projects.

e When used to detain concentrated flows, maintenance requirements increase.

Silt Fence
Fiber Roll
Sandbag Barrier

Straw Bale Barrier
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General

A gravel bag berm consists of a row of open graded gravel-
filed bags placed on a level contour. When appropriately
placed, a gravel bag berm intercepts and slows sheet flow
runoff, causing temporary ponding. The temporary
ponding provides latent conditions allowing sediment to
settle. The open graded gravel in the bags is porous, which
allows the ponded runoff to flow slowly through the bags,
releasing the runoff as sheet flows. Gravel bag berms also
interrupt the slope length and thereby reduce erosion by
reducing the tendency of sheet flows to concentrate into
rivulets, which erode rills, and ultimately gullies, into
disturbed, sloped soils. Gravel bag berms are similar to sand
bag barriers, but more porous.

Design and Layout
. Locate gravel bag berms on level contours.

- Slopes between 20:1 and 2:1 (H:V): Gravel bags
should be placed at a maximum interval of 50 ft (
a closer spacing is more effective), with the first
row near the slope toe.

- Slopes 2:1 (H:V) of steeper: Gravel bags should be
placed at a maximum interval of 25 ft (a closer
spacing is more effective), with the first row placed
at the toe of the slope.

e Turn the ends of the gravel bag barriers up slope to
prevent runoff from going around the berm.

e Allow sufficient space up slope from the gravel bag
berm to allow ponding, and to provide room for
sediment storage.

. For installation near the toe of the slope, consider
moving the gravel bag barriers away from the slope
toe to facilitate cleaning. To prevent flows behind the
barrier, bags can be placed perpendicular to a berm
to serve as a cross barrier.

. Drainage area should not exceed 5 acres.
. In Non-Traffic Areas:
- Height = 18 in. maximum.

- Top width = 24 in. minimum for three or more layer
construction.

- Top width = 12 in. minimum for one or two layer
construction.

- Side slopes = 2:1 of flatter.
. In Construction Traffic Areas:
- Height = 12 in. maximum.

- Top width = 24 in. minimum for three or more layer
construction.

Section 5: Field Section
Best Management Practices (BMPs)

- Top width = 12 in. minimum for one or two layer
construction.

- Side slopes = 2:1 of flatter.
. Butt ends of bags tightly.

. On multiple rows, or multiple layer construction, overlap
butt joints of adjacent row and row beneath.

. Use a pyramid approach when stacking bags.
e See Sandbag Barrier details for placement information.
Materials

. Bag Material - Bags should be woven polypropylene,
polyethylene or polyamide fabric or burlap, minimum
unit weight of 4 ounces/yd?, Mullen burst strength
exceeding 300 Ib/in2 in conformance with the
requirements in ASTM designation Dszss, and ultraviolet
stability exceeding 70% in conformance with the
requirements in ASTM designation Dasss.

. Bag Size - Each gravel-filled bag should have a length
of 18 in., width of 12 in., thickness of 3 in., and mass of
approximately 33 Ibs. Bag dimensions are nominal,
and may vary based on locally available materials.

. Fill Material - Fill material should be 0.5 to 1 in. Class 2
aggregate base, clean and free from clay, organic
matter, and other objectionable material, or other
suitable open graded, non-cohesive, porous gravel.
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Inspection and Maintenance

e Inspect BMPs prior to forecast rain, daily during
extended rain events, after rain events, weekly during
the rainy season, and at two-week intervals during the
non-rainy season.

e Grave bags exposed to sunlight will need to be
replaced every two of three months due to degrading
of the bags.

e Reshape orreplace gravel bags as needed.
e  Repair washouts or other damage as needed.

e Sediment that accumulates in the BMP must be
removed in order to maintain BMP effectiveness.
Sediment should be removed when sediment
accumulation reaches one-half the designated
sediment storage volume. Sediment removed during
maintenance may be incorporated into earthwork on
the site or disposed of at an appropriate location.

e Remove gravel bag berms when no longer needed. ey _.-..-.;-’r-r.-lir-"'":

Remove sediment accumulation and clean, re-grade,

and stabilize area. Removed sediment should be
incorporated in the project or disposed of. Do. stack gravel bags with ends overlapping to create a
diversion.

Don’t. Allow bags to disintegrate and rupture spilling
gravel. Gravel bag berms must be maintained to be an
effective BMP.
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Objectives
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Street sweeping and
vacuuming includes use of
self-propelled and walk-
behind equipment to
remove sediment from
streets and roadways, and
to clean paved surfaces in
preparation for final
paving. Sweeping and
vacuuming prevents
sediment from the project
site from entering storm
drains or receiving waters.

TC Tracking Control

Potential Alternatives

Street sweeping and vacuuming may be suitable in the following situations:

None
e  Where sediment is tracked from the project site onto public or private paved streets and

roads, typically at points of egress.

. During preparation of paved surfaces for final paving.

. Sweeping and vacuuming may not be effective when sediment is wet or when tracked
soil is caked (caked soil may need to be scraped loose).
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e  Controlling the number of points where vehicles can
leave the site will allow sweeping and vacuuming
efforts to be focused, and perhaps save money.

. Inspect potential sediment tracking locations daily.

e Visible sediment tracking should be swept or
vacuumed on a daily basis.

. Do not use kick brooms or sweeper attachments.
These tend to spread the dirt rather than remove it.

. If not mixed with debris or trash, consider incorporating
the removed sediment back into the project.

. Inspect BMPs prior to forecast rain, daily during e 2
extended rain events, after rain events, weekly during ' -
the rainy season, and at two-week intervals during the DoO. sweep up sediment frequently before rainfall can

non-rainy season. transport the sediment to the stormdrain system.

e When actively in use, points of ingress and egress must
be inspected dalily.

e  When tracked or spilled sediment is observed outside
the construction limits, it must be removed at least daily.
More frequent removal, even continuous removal may
be required.

. Be careful not to sweep up any unknown substance or
any object that may be potentially hazardous.

e  Adjust brooms frequently; maximum efficiency of
sweeping operations.

e  After sweeping is finished, properly dispose of sweeper

wastes at an annroved dimnsite

Don’t. wash sediment into the catch basins. Sediment
can be swept into piles and hauled away in truck or
wheelbarrow depending on severity of deposits.
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SBB: Sandbag Baurrier

Description &
Purpose

A sandbag barrier is a series
of sand-filled bags placed
on a level contour to
intercept sheet flows.
Sandbag barriers pond
sheet flow runoff, allowing
sediment to settle out.

Suitable Applications

Sandbag Barrier may be suitable in the following situations:

. As a linear sediment control measure:

Below the toe of slopes and erodible slopes.

As sediment traps at culvert/pipe outlets.

Below other small cleared areas

Along the perimeter of the site.

Down slope of exposed soil areas.

Around temporary stockpiles and spoil areas.

Parallel to a roadway to keep sediment of paved areas.

Along streams and channels.

. As linear erosion control measure:

Along the face and at grade breaks of exposed and erodible slopes to shorten slope
length and spread runoff as sheet flow.

At the top of slopes to divert runoff away from disturbed slopes.

As check dams across mildly sloped construction roads.

Limitations

e [tis necessary to limit the drainage area upstream of the barrier to 5 acres.

e Degraded sandbags may rupture when removed, spilling sand.

. Installation can be labor intensive.

e Barriers may have limited durability for long-term projects.

e When used to detain concentrated flows, maintenance requirements increase.

° Riurlan shotild not he 11sed for sandbhaans

Section 5: Field Section
Best Management Practices (BMPs)

Objectives

SC Sediment Control

Potential Alternatives

SF Silt Fence
FB  Fiber Roll
GBB Gravel Bag Barrier

SWB Straw Bale Barrier
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General

A sandbag barrier consists of a row of sand-filled bags
placed on a level contour. When appropriately placed, a
sandbag barrier intercepts and slows sheet flow runoff,
causing temporary ponding. The temporary ponding
provides latent conditions allowing sediment to settle. While
the sand-filled bags are porous, the fine sand tends to
quickly plug with sediment, limiting the rate of flow through
the barrier. If a porous barrier is desired, consider Silt Fence,
Fiber Rolls, Gravel Bag Berm, or Straw Bale Barriers.
Sandbag barriers also interrupt the slope length and
thereby reduce erosion by reducing the tendency of sheet
flows to concentrate into rivulets which erode rills, and
ultimately gullies, into disturbed, sloped soils. Sandbag
barriers are similar to ground bag berms, but less porous.

Design and Layout
. Locate sandbag barriers on level contours.

- Slopes between 20:1 and 2:1 (H:V): Sandbags
should be placed at a maximum interval of 50 ft (a
closer spacing is more effective), with the first row
near the slope toe.

- Slopes 2:1 (H:V) of steeper: Sandbags should be
placed at a maximum interval of 25 ft (a closer
spacing is more effective), with the first row placed
at the toe of the slope.

e Turn the ends of the sandbag barriers up slope to
prevent runoff from going around the batrrier.

e  Allow sufficient space up slope from the sandbag
barrier to allow ponding, and to provide room for
sediment storage.

. For installation near the toe of the slope, consider
moving the sandbag barriers away from the slope toe
to facilitate cleaning. To prevent flows behind the
barrier, bags can be placed perpendicular to a berm
to serve as a cross barrier.

. Drainage area should not exceed 5 acres.
. Sack sandbags at least three bags high.
. Butt ends of bags tightly.

. Overlap butt joints of row beneath with each
successive row.

. In Non-Traffic Areas:
- Height = 18 in. maximum.

- Top width = 24 in. minimum for three or more layer
construction.

- Side slopes = 2:1 of flatter.

. In Construction Traffic Areas:

Section 5: Field Section
Best Management Practices (BMPs)

- Height = 12 in. maximum.

- Top width = 24 in. minimum for three or more layer
construction.

- Side slopes = 2:1 of flatter.

Materials

Sandbag Material - Sandbags should be woven
polypropylene, polyethylene or polyamide fabric or
burlap, minimum unit weight of 4 ounces/ydz?, Mullen
burst strength exceeding 300 Ib/in2 in conformance
with the requirements in ASTM designation Darss, and
ultraviolet stability exceeding 70% in conformance with
the requirements in ASTM designation Daass.

Sandbag Size - Each sand-filled bag should have a
length of 18 in., width of 12 in., thickness of 3 in., and
mass of approximately 33 Ibs. Bag dimensions are
nominal, and may vary based on locally available
materials.

Fill Material — All sandbag fill material should be non-
cohesive, Class 1 or Class 2 permeable material free
from clay and objectionable material.

Do. use high quality, sturdy bags that will withstand
the environmental abuse. Bags that have been
treated to resist damage from UV-rays are most
desirable.
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Inspection and Maintenance

e Inspect BMPs prior to forecast rain, daily during
extended rain events, after rain events, weekly during
the rainy season, and at two-week intervals during the

non-rainy season.

e Sandbags exposed to sunlight will need to be replaced
every two of three months due to degrading of the
bags.

e Reshape orreplace sandbags as needed.
e  Repair washouts or other damage as needed.

e Sediment that accumulates in the BMP must be
removed in order to maintain BMP effectiveness.
Sediment should be removed when sediment
accumulation reaches one-half the designated
sediment storage volume. Sediment removed during
maintenance may be incorporated into earthwork on
the site or disposed of at an appropriate location.

e Remove sandbag berms when no longer needed.
Remove sediment accumulation and clean, re-grade,

and stabilize area. Removed sediment should be
incorporated in the project or disposed of. DO. Stack Sandbags with the ends butted t|ght|y tOgether
to create a barrier.

Don’t. put off maintenance. Sandbags are difficult to
cleanup and remove after the bags have ruptured.

Don’t. wait until it is raining to place sandbag barriers.
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SWB: Straw Bale Barrier

Description &

Purpose
P Objectives

A straw bale barrier is a
series of straw bales placed
on a level contour to
intercept sheet flows.
Sandbag barriers pond
sheet flow runoff, allowing
sediment to settle out.

SC Sediment Control

Suitable Applications Potential Alternatives
Straw Bale Barrier may be suitable in the following situations:
e Asalinear sediment control measure: SF  Silt Fence

- Below the toe of slopes and erodible slopes. FB  Fiber Roll

- As sediment traps at culvert/pipe outlets. .
GBB Gravel Bag Barrier

- Below other small cleared areas
- Along the perimeter of the site. R e
- Down slope of exposed soil areas.
- Around temporary stockpiles and spoil areas.
- Parallel to a roadway to keep sediment of paved areas.
- Along streams and channels.
e Aslinear erosion control measure:

- Along the face and at grade breaks of exposed and erodible slopes to shorten slope
length and spread runoff as sheet flow.

- At the top of slopes to divert runoff away from disturbed slopes.

- As check dams across mildly sloped construction roads.

Limitations

e Are not to be used for extended periods of time because they tend to rot and fall apart.
e Are suitable only for sheet flow on slopes of 0% or flatter.

e Are not appropriate for large drainage areas, limit to one acre or less.

e May require constant maintenance due to rotting.

e Are notrecommended for concentrated flow, inlet protection, channel flow, or live stream
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e Cannot be made of bale bindings of jute or cotton.

. Requires labor-intensive installation and maintenance.
. Cannot be used on paved surfaces.

. Should not be used for drain inlet protection.

. Should not be used on lined ditches.

. May introduce undesirable non-native plants to the
area.

General

A straw bale barrier consists of a row of straw bales placed
on a level contour. When appropriately placed, a straw
bale barrier intercepts and slows sheet flow runoff, causing
temporary ponding. The temporary ponding provides
latent conditions allowing sediment to settle. Straw bale
barriers also interrupt the slope length and thereby reduce
erosion by reducing the tendency of sheet flows to
concentrate into rivulets, which erode rills, and ultimately
gullies, into disturbed, sloped soils.

Straw bale barriers have not been as effective as expected
due to improper use. These barriers have been placed in
streams and drainage ways where runoff volumes and
velocities have caused the barriers to wash out. In addition,
failure to stake and entrench the straw bale has allowed
undercutting and end flow. Use of straw bale barriers in
accordance with this BMP should produce acceptable
results.

Design and Layout
. Locate straw bales barriers on level contours.

- Slopes up to 10:1 (H:V): Straw bales should be
placed at a maximum interval of 50 ft (a closer
spacing is more effective), with the first row near
the slope toe.

- Slopes greater than 10:1 (H:V): Not
recommended.

¢ Turn the ends of the straw bale barriers up slope to
prevent runoff from going around the barrier.

e Allow sufficient space up slope from the straw bale
batrrier to allow ponding, and to provide room for
sediment storage.

. For installation near the toe of the slope, consider
moving the straw bale barriers away from the slope toe
to facilitate cleaning. To prevent flows behind the
barrier, bales can be placed perpendicular to a berm
to serve as a cross barrier.

. Drainage area should not exceed 1 acre, or 0.25 acre
per 100 ft of barrier.

. Maximum flow path to the barrier should consist of two

Section 5: Field Section
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parallel rows.
- Butt ends of bags tightly.
- Stagger butt joints between front and back row.

- Each row of bales must be trenched in and firmly
staked.

e  Straw bale barriers are limited in height to one bale laid
on its side.

e Anchor bales with either two wood stakes or four bars
driven through the bale and into the soil. Drive the first
stake towards the butt joint with the adjacent bale to
force the bales together.

e See attached figure for installation details.
Materials

. Straw Bale Size - Each straw bale should be a minimum
of 14 in. wide, 18 in. in height, and 36 in. in length and
should have a minimum mass of 50 Ibs. The straw bale
should be composed entirely of vegetative matter,
except for the binding material.

. Bale Bindings - Bales should be bound by steel wire,
nylon or polypropylene string placed horizontally. Jute
and cotton binding should not be used. Baling wire
should be a minimum diameter of 14 gauge. Nylon or
polypropylene string should be approximately 12
gauge in diameter with a breaking strength of 80 Ibs
force.

e Stakes - Wood stakes should be commercial quality
lumber of the size and shape shown on the plans. Each
stake should be free from decay, splits or cracks longer
than the thickness of the stake, or other defects that
would weaken the stakes and cause the stakes to be
structurally unsuitable. Steel bar reinforcement should
be equal to a #4 designation or greater. End
protection should be provided for any exposed bar
reinforcement.
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Inspection and Maintenance

e Inspect BMPs prior to forecast rain, daily during
extended rain events, after rain events, weekly during
the rainy season, and at two-week intervals during the
non-rainy season.

e Straw bales degrade, especially when exposed to
moisture. Rotting bales will need to be replaced on a
regular basis.

e Replace or repair damaged bales as needed.
e  Repair washouts or other damage as needed.

e Sediment that accumulates in the BMP must be
removed in order to maintain BMP effectiveness.
Sediment should be removed when sediment
accumulation reaches one-half the designated
sediment storage volume. Sediment removed during
maintenance may be incorporated into earthwork on
the site or disposed of at an appropriate location.

e Remove straw bales when no longer needed. Remove

sediment accumulation and clean, re-grade, and _ o e
stabilize area. Removed sediment should be
incorporated in the project or disposed of. DO. use straw bale barriers as perimeter protection and

to keep flows from concentrating

Don’t. straw or Hay bales should not be used as check
dams. Even if “properly” installed, they have a high failure
rate.
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STRAW BALE BARRIER
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SCE: Stabllized Construction Entrance

Description &

Purpose
P Objectives

A stabilized construction
access is defined by a
point of entrance/exit to a
construction site that is
stabilized to reduce the
tracking of mud and dirt
onto public roads by
construction vehicles.

TC Tracking Control

Suitable Applications Potential Alternatives

Stabilized construction entrances may be suitable in the following situations:

e  Where dirt or mud can be tracked onto public roads. None
e Adjacent to water bodies.

e  Where poor soils are encountered

e  Where dust is a problem during dry weather conditions.

Limitations

e Entrances and exits require periodic top dressing with additional stones.

e  This BMP should be used in conjunction with street sweeping on adjacent public right-of-
way.

e Entrances and exits should be constructed on level ground only.

. Stabilized construction entrances are rather expensive to construct and when a wash rack

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

General

A stabilized construction entrance is a pad of aggregate
underlain with filter cloth located at any point where traffic
will be entering or leaving a construction site to or from a
public right-of-way, street, alley, sidewalk, or parking area.
The purpose of a stabilized construction entrance is to
reduce or eliminate the tracking of sediment onto public
rights-of-way or streets. Reducing tracking of sediments and
other pollutants onto paved roads helps prevent depaosition
of sediments into local storm drains and production of
airborne dust.

Where traffic will be entering or leaving the construction
site, a stabilized construction entrance should be used.
NPDES permits require that appropriate measures be
implemented to prevent tracking of sediments onto paved
roadways, where a significant source of sediments is
derived from mud and dirt carried out from unpaved roads
and construction sites.

Stabilized construction entrances are moderately effective
in removing sediment for equipment leaving a construction
site. The entrance should be built on level ground.
Advantages of the stabilized construction entrance/exit are
that it does remove some sediment from equipment and
serves to channel construction traffic in and out of the site
at specified locations. Efficiency is greatly increased when
a washing rack is included as part of a stabilized
construction entrance/exit.

Design and Layout
. Construct on level ground where possible.

. Select 3 to 6 in. diameter stones

e  Use minimum depth of stones of 12 in. or as
recommended by soils engineer.

e  Construct length of 50 ft minimum, and 30 ft minimum
width.

e Rumble racks constructed of steel panels with ridges
and installed in the stabilized entrance/exit will help
remove sediment and to keep adjacent streets clean.

e  Provide ample turning radii as part of the entrance.
e Limit speed of vehicles to control dust.

e Properly grade each construction entrance/exit to
prevent runoff from leaving the construction site.

. Route runoff from stabilized entrances/exits through a
sediment trapping device before discharge.

. Design stabilized entrance/exit to support heaviest
vehicles and equipment that will be use on the
construction site.

. Select construction access stabilization (aggregate,

Section 5: Field Section
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asphaltic concrete, concrete) based on longevity,
required performance, and site conditions. Do not use
asphaltic concrete (AC) grindings for stabilized
construction access/roadway.

e If aggregate is selected, place crushed aggregate
over geotextile fabric to at least 12 in. depth, or place
aggregate to a depth recommended by a
geotechnical engineer. A crushed aggregate greater
than 3 in. but smaller than 6 in. should be used.

e Designate combination or single purpose entrances
and exits to the construction site.

e Require that all employees, subcontractors, and
suppliers utilize the stabilized construction access.

e Implement Street Sweeping and Vacuuming, as
needed.

e All exit locations intended to be used for more than a
two-week period should have stabilized construction
entrance/exit BMPs.

Do. Design the entrance with rocks large enough that they
will not be easily displaced by exiting vehicles.
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Inspection and Maintenance

e Inspect and verify that activity-based BMPs are in place
prior to the commencement of associated activities.
While activities associated with the BMPs are under way,
inspect weekly during rainy season and of two-week
intervals in the non-rainy season to verify continued BMP
implementation.

e Inspectlocal roads adjacent to the site daily. Sweep or
vacuum to remove visible accumulated sediment.

e Remove aggregate, separate and dispose of sediment
if construction entrance/exit is clogged with sediment.

e Keep all temporary roadway ditches clear.
e  Check for damage and repair as needed.
e Replace gravel material when surface voids are visible.

. Remove all sediment deposited on paved roadways
within 24 hours.

e Remove gravel and filter fabric at completion of
construction.

Do. Supply ample length to remove the sediment from
equipment and vehicles leaving the site.

Don’t. Allow vehicles to enter and exit the job site at ,
any location that has not been stabilized. Don’t. spread parking, staging, and storage all over the
site, it increases disturbance and erosion.
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SCR: Stabilized Construction Roadway

Suitable Applications

Description &

Purpose

Objectives

Access roads, subdivisions
roads, parking areas, and
other onsite vehicle
transportation routes should
be stabilized immediately
after grading, and
frequently maintained to
prevent erosion and control
dust.

C

Tracking Control

Potential Alternatives

Stabilized construction Roadways may be suitable in the following situations:

e Temporary Construction Traffic:
- Phased construction projects and offsite road access.
- Construction during wet weather.

. Construction roadways and detour roads:
- Where mud tracking is a problem during wet weather.
- Where dust is a problem during dry weather.
- Adjacent to water bodies

- Where poor soils are encountered.

Limitations

None

e The roadway must be removed or paved when construction is complete.

e Certain chemical stabilization methods may cause stormwater pollution and should not be

used.

. Materials will likely need to be removed prior to final project grading and stabilization.

. Use of this BMP may not be applicable to very short duration projects.
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General

Areas that are graded for construction vehicle transport
and parking purposes are especially susceptible to erosion
and dust. 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 that generate significant quantities of
sediment that may pollute nearby streams or be
transported offsite on the wheels of construction vehicles.
Dirt roads can become so unstable during wet weather that
they are virtually unusable.

Efficient construction road stabilization not only reduces
onsite erosion but also can significantly speed onsite work,
avoid instances of immobilized machinery and delivery
vehicles, and generally improve site efficiency and working

~nnditinne Aiirina advarca wiaathar

Permanent roads and parking areas should be paved as
soon as possible after grading. As alternative where
construction will be phased, the early application of gravel
or chemical stabilization may solve potential erosion and
stability problems. Temporary gravel roadways should be
considered during the rainy season and on slopes greater
than 5%.

Temporary roads should follow the contour of the natural
terrain to the maximum extent possible. Slope should not
exceed 15%. Roadways should be carefully graded to drain
transversely. Provide drainage swales on each side of the
roadway in the case of a crowned section or one side in the
case of a super elevated section. Simple gravel berms
without a trench can also be used.

Installed inlets should be protected to prevent sediment
laden water from entering the storm sewer system. In
addition, the following criteria should be considered:

. Road should follow topographic contours to reduce
erosion of the roadway.

e The roadway slope should not exceed 15%

e  Water is usually required on gravel or dirt roads to
prevent dust.

. Properly grade roadway to prevent runoff from leaving
the construction site.

. Design stabilized access to support heaviest vehicles
and equipment that will use it.

. Stabilized roadway using aggregate, asphaltic
concrete, or concrete based on longevity, required
performance, and site conditions. The use of cold mix

Section 5: Field Section
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asphalt or asphaltic concrete (AC) grindings for
stabilized construction roadways is not allowed.

Coordinate materials with those used for stabilized
construction entrance/exit points. Installation should
be accomplished as outlined in the Stabilized
Construction Entrance minus corrugated metal sheets.

If aggregate is selected, place crushed aggregate
over geotextile fabric to atleast 12 in. depth. A
crushed aggregate greater than 3 in. but smaller than
6 in. should be used.

Inspect and verify that activity-based BMPs are in place
prior to the commencement of associated activities.
While activities associated with the BMPs are under way,
inspect weekly during rainy season and of two-week
intervals in the non-rainy season to verify continued BMP
implementation.

Keep all temporary roadway ditches clear.

When no longer required, remove stabilized construction
roadway and re-grade and repair slopes.

Periodically apply additional aggregate on gravel
roads.

Active dirt construction roads are commonly watered
three or more times per day during the dry season.

Don’t. Allow vehicle to access construction site by any
access that is not stabilized.
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Objectives

A tire wash is an area
located at stabilized
construction access points
to remove sediment from
tires and under carriages
and to prevent sediment
from being transported
onto public roadways.

TC Tracking Control

Potential Alternatives

Entrance/outlet tire wash may be suitable in the following situations:

. Construction sites where dirt and mud tracking onto public roads by construction vehicles SCE Stabilized
may occur. Construction
Entrance/Exit

. Must be implemented where 200,000yd? of material is moved onto the project, off of the
proiect. or a combination of both.

. Incorporate with a stabilized construction entrance/exit.

. Construct on level ground when possible, on a pad of coarse aggregate greater than 3 in.
but smaller than 6 in. A geotextile fabric should be placed below the aggregate.

e  Wash rack should be designed and constructed/manufactured for anticipated traffic
loads.

e Provide a drainage ditch that will convey the runoff from the wash area to a sediment
trapping device. The drainage ditch should be of significant grade, width, and depth to
carry the wash runoff.

e Use hoses with automatic shutoff nozzles to prevent hoses from being left on.

. Require that all employees, subcontractors, and others that leave the site with mud caked
tires and undercarriages to use the wash facility.

. Implement Street Sweeping and Vacuuming as needed.



Washington City Grading Manual Section 5: Field Section
Entrance/Outlet Tire Wash, page 2 of 3 Best Management Practices (BMPs)

Inspection and Maintenance

e Inspect and verify that activity-based BMPs are in place
prior to the commencement of associated activities.
While activities associated with the BMPs are under way,
inspect weekly during rainy season and of two-week '
intervals in the non-rainy season to verify continued BMP
implementation.

. Inspect BMPs subject to non-stormwater discharge daily
while non-stormwater discharges occur.

. Remove accumulated sediment in wash rack and/or
sediment trap to maintain system performance.

e Inspectroutinely for damage and repair as necessary.

Do. Establish a designated wash off area that will be
utilized for the majority of the project.
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Objectives

Wind erosion or dust control
consists of applying water
or other dust palliatives as
necessary to prevent or
alleviate dust nuisance
generated by construction
activities. Covering small
stockpiles or areas is an
alternative to applying
water or other dust
palliatives.

WE Wind Erosion

Potential Alternatives

Wind Erosion Control will be suitable during the following construction activities:

. Construction vehicle traffic on unpaved roads. None
e Drilling and blasting activities.

e Sediment tracking onto paved roads.

e Soils and debiris storage piles.

. Batch drop from front-end loaders.

e Areas with unstabilized soil.

. Final grading/site stabilization.

e Watering prevents dust only for a short period and should be applied daily (or more often)
to be effective.

. Over watering may cause erosion.

. Oil and oil-treated subgrade should not be used for dust control because the oil may
migrate into drainage ways and/or seep into the soil.

. Effectiveness depends on soil, temperature, humidity, and wind velocity.

. Chemically treated sub grades may make the soil water repellant, interfering with long-
term infiltration and the vegetation/re-vegetation of the site. Some chemical dust
suppressants may be subject to freezing and may contain solvents and should be handled
properly.

e Asphalt, as a mulch tack or chemical mulch, requires a 24-hour curing time to avoid
adherence to equipment, workers shoes, etc. Application should be limited because
asphalt surfacing may eventually migrate into the drainage system.

. In compacted areas, watering and other liquid dust control measures may wash sediment
or other constituents into the drainage system.
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General

Washington City’s Climate, with short wet seasons and long
hot dry seasons, allows the soils to thoroughly dry out.
During these dry seasons, construction activities are at their
peak, and disturbed and exposed areas are increasingly
subject to wind erosion, sediment tracking and dust
generated by construction equipment.

Dust Control Practices

Dust control BMPs generally stabilize exposed surfaces and
minimize activities that suspend or track dust particles. The
following table shows dust control practices that can be
applied to site conditions that cause dust. For heavily
traveled and disturbed areas, wet suppression (watering),
chemical dust suppression, gravel asphalt surfacing,
temporary gravel construction entrances, equipment wash-
out areas, and haul truck covers can be employed as dust
control applications. Permanent or temporary vegetation
and mulching can be employed for areas of occasional or
no construction traffic. Preventative measures would
include minimizing surface areas to be disturbed, limiting
onsite vehicle traffic to 15 mph, and controlling the number
and activity of vehicles on a site at any given time.

Section 5: Field Section
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Dust Control Practices
. . . Temporary Gravel Minimize
Site Conditions . . Wet . Chemical Gravel or Silt Construction Haul Extent of
Permanent Vegetation Mulching Suppression Dust hal JEqui Truck isturbed
(Watering) Suppresion Asphalt Fence Entrance/Equipment Covers Disturbe:
Wash Down Area
Disturbed Areas not X X X X X X
Subject to Traffic
Disturbed Areas X X X X X
Subject to Traffic
Material Stock Pile X X X X
Stabilization
Demolition X X X
Clearing/
4 X X X X
Excavation
Truck Traffic on
Unpaved Roads X x X X X
Mud/Dirt Carry Out X X
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Additional preventative measures include:

Schedule construction activities to minimize exposed
area.

Quickly stabilize exposed soils using vegetation,
mulching, spray-on adhesives, calcium chloride,
sprinkling, and stone/gravel layering.

Identify and stabilize key access points prior to
commencement of construction.

Minimize the impact of dust by anticipating the direction
of prevailing winds.

Direct most construction traffic to stabilized roadways
within the project site.

Water should be applied by means of pressure-type
distributors or pipelines equipped with a spray system or
hoses and nozzles that will ensure even distribution.

All distribution should be equipped with a positive
means of shutoff.

Unless water is applied by means of pipelines, at least
one mobile unit should be available at all times to apply
water or dust palliative to the project.

Materials applied as temporary soil stabilizers and soll
binders also generally provide wind erosion benefits.

Pave or chemically stabilize access points where
unpaved traffic surfaces adjoin paved roads.

Provide for wet suppression or stabilization of exposed
soils.

Provide for rapid clean up of sediments deposited on
paved roads. Furnish stabilized construction road
entrances and vehicle wash down areas.

Stabilize inactive construction sites using vegetation or
chemical stabilization methods.

Limit the amount of areas disturbed by clearing and
earth moving operations by scheduling these activities in
phases.

For chemical stabilization, there are many products available
for chemically stabilizing gravel roadways and stockpiles. If
chemical stabilization is used, the chemicals should not
create any adverse effects on stormwater, plant life, or
groundwater.

Inspection and Maintenance

Inspect and verify that activity-based BMPs are in place
prior to the commencement of associated activities.
While activities associated with the BMPs are under way,
inspect weekly during rainy season and of two-week
intervals in the non-rainy season to verify continued BMP
implementation.

Section 5: Field Section
Best Management Practices (BMPs)

Check areas protected to ensure coverage.

Most Dust control measures require frequent, often daily,
or multiple times per day attention.

Do. Keep wind erosion low by applying water or other
dust palliative when necessary.

Don’t. Apply so much water as to cause erosion from
the runoff created.
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SDP: Storm Drain Inlet Protection

Description &
Purpose

Storm drain inlet protection
consists of a sediment filter
or an impounding area
around or upstream of a
storm drain, drop inlet, or
curb inlet. Storm drain inlet
protection measures
temporarily pond runoff
before it enters the storm
drain, allowing sediment to
settle.

Suitable Applications

Inlet Protection may be suitable in the following situations:

e Whenever a storm drain inlet is receiving or my receive sediment laden runoff.

Limitations

e Drainage area should not exceed 1 acre.

. Straw bales alone cannot be used as inlet protection but can be used to reinforce silt
fence inlet protection.

. Requires an adequate area for water to pond without encroaching into portions of the
roadway subject to traffic.

. Inlet protection usually requires other methods of temporary protection to prevent
sediment laden stormwater and non-stormwater discharges from entering the storm drain
system.

. Sediment removal may be difficult in high flow conditions or if runoff is heavily sediment
laden. If high flow conditions are expected, use other onsite sediment trapping
techniques in conjunction with inlet protection.

. Frequent maintenance is required.

e Fordrainage areas larger than 1 acre, runoff should be routed to a sediment trapping
device designed for larger flow. Such devices are Sediment Traps and Sediment Basins.

e Excavated drop inlet sediment traps are appropriate where relatively heavy flows are
expected, and overflow capacity is needed.

Objectives

SE  Sediment Control

Potential Alternatives

FB  Fiber Rolls

GBB Gravel Bag Berm
SBB Sandbag Barrier
SWB Straw Bale Barrier

SF Silt Fence
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General

Large amounts of sediment may enter the storm drain
system when storm drains are installed before the upslope
drainage area is stabilized, or where construction is
adjacent to an existing storm drain. In cases of extreme
sediment loading, the storm drain itself may clog and lose a
major portion of its capacity. To avoid these problems, itis
necessary to prevent sediment from entering the system at
the inlets.

Inlet control measures presented in this handbook should
not be used for inlets draining more than one acre. Runoff
from larger disturbed areas should be first routed through a
Sediment Basin or a Sediment Trap. Different types of inlet
protection are appropriate for different application
depending on site conditions and the type on inlet. Inlet
protection methods not presented in this handbook should
be approved by the Public Works Department.

Design and Layout

Identify existing and planned storm drain inlets that have
the potential to receive sediment laden surface runoff.
Determine if storm drain inlet protection is needed and
which methods to use.

. Limit upstream drainage area to 1 acre maximum. For
larger areas use Sediment Basins or Sediment Traps
upstream of the inlet protection device.

e The key to successful and safe use of storm drain inlet
protection devices is to know where runoff will pond or
be diverted.

- Determine the acceptable location and extent of
ponding in the vicinity of the drain inlet. The
acceptable location and extent of ponding will
influence the type and design of the storm drain inlet
protection device.

- Determine the extent of potential runoff diversion
caused by the storm drain inlet protection device.
Runoff ponded by inlet protection devices may flow
around the device and towards the next
downstream inlet. In some cases, this is acceptable;
in other cases, serious erosion or downstream
property damage can be caused by these
diversions. The possibility of runoff diversions will
influence whether or not storm drain inlet protection
is suitable; and, if suitable, the type and design of the
device.

e The location and extent of ponding, and the extent of
diversion, can usually be controlled through
appropriate placement of the inlet protection device.
In some cases, moving the inlet protection device a
short distance upstream of the actual inlet can provide
more efficient sediment control, limit ponding to desire

Section 5: Field Section
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areas, and prevent or control diversions.

. Four types of inlet protection are presented below.
However, it is recognized that other effective methods
and proprietary devices exist and may be selected.

- Filter Fabric Fence - Appropriate for drainage basins
with less than a 5% slope, sheet flows, and flows under
0.5cfs.

- Excavated Drop Inlet Sediment Trap - An excavated
area around the inlet to trap sediment.

- Gravel Bag Barrier — Used to create a small sediment
trap upstream of inlets on sloped, paved streets.
Appropriate for sheet flow or when concentrated flow
may exceed 0.5cfs, and where overtopping is required
to prevent flooding.

- Block and Gravel Filter — Appropriate for flows greater
than 0.5cfs.

e Select the appropriate type of inlet protection and
design as referred to or as described in this fact sheet.

. Provide area around the inlet for water to pond without
flooding structures and property.

e Grates and spaces around all inlets should be sealed to
prevent seepage of sediment laden water.

. Excavate sediment sumps (where needed) 1 to 2 feet
with 2:1 side slopes around the inlet.

Design and Layout

. DI Protection Type 1 - Filter Fabric Fence - The filter fabric
fence (Type 1) protection is shown in the attached figure.
Similar to constructing a silt fence. Do not place filter
fabric underneath the inlet grate since the collected
sediment may fall into the drain inlet when the fabric is
removed or replaced.

1. Excavate a trench approximately 6 in. wide and 6 in.
deep along the line of the silt fence inlet protection
device.

2.  Place 2in. by 2 in. wood stakes around the
perimeter of the inlet a maximum of 3 ft. apart and
drive them at least 18 in. into the ground or 12 in.
below the bottom of the trench. The stakes must be
at least 48 in. long.

3. Lay fabric along bottom of trench, up side of trench,
and then up stake. The maximum silt fence height
around the inletis 24 in.

4. Staple the filter fabric to the wooden stakes. Use
heavy duty wire staples at least 1 in. in length.

5. Backfill the trench with gravel or compacted earth
all the way around.
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DI Protection Type 2 — Excavated Drop Inlet Sediment
Trap — The excavated drop inlet sediment trap (Type 2) is
shown in the attached figures. Install filter fabric fence
in accordance with DI Protection Type 1. Size excavated
trap to provide a minimum storage capacity calculated
at the rate of 67 yd3/acre of drainage area.

DI Protection Type 3 — Gravel Bag - The gravel bag
barrier (Type 3) is shown in the figures. Flow from a
severe storm should not overtop the curb. In areas of
high clay and silts, use filter fabric and gravel as
additional filter media. Construct gravel bagsin
accordance with the Gravel Bag Berm requirements.
Gravel bags should be used due to their high
permeability.

1. Use sand bag made of geotextile fabric (not
burlap) and fill with 0.75 in. rock or 0.25 in. pea
gravel.

2. Construct on gently sloping street.

3. Leave room upstream of barrier for water to pond
and sediment to settle.

4. Place several layers of sand bags — overlapping the
bags and packing them tightly together.

5. Leave gap of one bag on top row to serve as a
spillway. Flow from a severe storm (e.g., 10-year
storm) should not overtop the curb.

DI Protection Type 4 - Block and Gravel Filter — The block
and gravel filter (Type 4) is shown in the figures. Block
and gravel filters are suitable for curb inlets commonly
used in residential, commercial, and industrial
construction.

1. Place hardware cloth or comparable wire mesh
with 0.5 in. opening over the drop inlet so that the
wire extends a minimum of 1 ft beyond each side of
the inlet structure. If more than one strip is
necessary, overlap the strips. Pace filter fabric over
the wire mesh.

2. Place concrete blocks lengthwise on their sides in a
single row around the perimeter of the inlet, so that
the open ends face outward, not upward. The
ends of adjacent blocks should abut. The height of
the barrier can be varied, depending on design
needs, by stacking combinations of blocks that are
4in., 8in., and 12 in. wide. The row of blocks should
be atleast 12 in. but no greater than 24 in. high.

3. Place wire mesh over the outside vertical face
(open end) of the concrete blocks to prevent stone
from being washed through the block. Use
hardware cloth or comparable wire mesh with 0.5
in. opening.

4. Pile washed stone against the wire mesh to the top
of the blocks. Use 0.75 to 3 in.

Section 5: Field Section
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Inspection and Maintenance
Inspect and verify that activity-based BMPs are in place
prior to the commencement of associated activities.
While activities associated with the BMPs are under way,
inspect weekly during rainy season and of two-week
intervals in the non-rainy season to verify continued BMP
implementation.

Filter Fabric Fence - If the fabric becomes clogged, torn,
or degrades, it should be replaced. Make sure the
stakes are securely driven in the ground and are in good
shape (i.e., not bent, cracked, or splinted, and are
reasonably perpendicular to the ground). Replace
damaged stakes.

Gravel Filters - If the gravel becomes clogged with
sediment, it must be carefully removed from the inlet
and either cleaned or replaced. Since cleaning gravel
at a construction site may be difficult, consider using the
sediment laden stone as fill material and put fresh stone
around the inlet. Inspect bags for holes, gashes, and
snags, and replace bags as needed. Check gravel
bags for proper arrangement and displacement.

Sediment accumulated in the BMP must be removed in
order to maintain BMP effectiveness. Sediment should
be removed when the sediment accumulation reaches
one-third of the barrier height. Sediment removed
during maintenance may be incorporated into
earthwork on the site or disposed at an appropriate
location.

Remove storm drain inlet protection once the drainage
area is stabilized.

- Clean and regrade area around the inlet and clean
the inside of the storm drain inlet as it must be free of
sediment and debiris at the time of final inspection.

Don’t. Allow the silt fence to be damaged. Stakes must
be maintained on a regular basis.
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e T

Do. use gravel filled bags not constructed of burlap to filter
out sediment from runoff.

Don’t. Allow sediment laden runoff to enter the storm
drain system unimpeded.
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EDGE OF PAVEMENT

SPILLWAY, 1—-BAG HIGH

TYPICAL PROTECTION FOR INLET ON SUMP 2 Bacs Hien

EDGE OF PAVEMENT
/ / INLET

SPILLWAY, 1—BAG HIGH

TYPICAL PROTECTION FOR INLET ON GRADE 2%aAcs vk
TO SCALE

NOTES:

1. INTENDED FOR SHORT TERM USE.

2. USE TO INHIBIT SON STORM—WATER FLOW.

3. ALLOW FOR PROPER MAINTENANCE AND CLEANUP.

4, BAGS MUST BE REMOVED AFTER ADJACENT OPERATION IS COMPLETED.,

5. NOT APPLICABLE IN AREAS WITH HIGH SILTS AND CLAYS WITHOUT FILTER FABRIC.

TYPICAL DI PROTECTION — TYPE 3




Washington City Grading Manual

Section 5: Field Section
Best Management Practices (BMPs)

STORM DRAIN INLET PROTECTION

RUMOFF WITH SEDIMENT

FILTERED WATER

OVERFLOW
12" -24" o) l (
r 7
\/\ﬂ ]
R,
SEDIMENT K
\//\\ SRR
R,
|
[z %

HARDWARE CLOTH WIRE MESH

CURB INLET

DI PROTECTION TYPE 4

NOT TO SCALE




Washington City Grading Manual Section 5: Field Section
Rip Rap, page 1 of 4 Best Management Practices (BMPs)

RR: Rip Rap

Description &

Purpose
P Objectives

An arranged layer of rock
placed over the soil surface
on slopes and at or below
storm drain outfalls or
temporary dikes. Rip rap
used as slope protection
against erosion and
dissipates the energy of
runoff or surface water

SC Sediment Control

flow.
Suitable Applications Potential Alternatives
Rip Rap may be suitable in the following situations:
e Userip rap on slope greater than 4:1 (H:V) None

. In channels where the velocity and water surface elevation occurring during the 100-year
storm event has the possibility of damaging the channel banks and/or flowline.

e  Around structures that require protection during storm events (i.e, Bridges, Culvert inlets)

Limitations

e The minimum particle size of the rock must be sized for the maximum expected velocity of
flow of the outlet and the soil conditions where the outlet will be located.



Washington City Grading Manual

Design
Riprap should be installed as follows:

. Grade the bank to a maximum slope of two feet of
horizontal distance for one foot of vertical rise.

. Place a highly permeable and appropriately sized
geotextile filter fabric on the prepared slope following the
manufacturer’s recommendations. Take care not to tear
the filter fabric during installation.

. Place a layer (six inch minimum) of gravel or small rock on
the geotextile filter fabric. The underlayer stone needs to
be sized appropriately so it will not wash through any
gaps between the riprap stones.

. Place the layer of riprap, 1.5 times the thickness of the
largest stone, on top of the gravel. The heaviest rocks
should be placed along the bottom of the bank. Riprap
should be placed onto position, not dumped over the
bank edge.

. Entrench the bottom row of stone into the stream bed to
prevent undercutting.

. Extend the revetment beyond the area of erosion to
prevent erosion behind the ends of the structure.

o The rip rap should be sized according to the following

table:
Velocity of Stream Size Range Largest Diameter of Rock
2 - 6 feet/second 4" - 12", average 6"
6 - 8 feet/second 6" - 18"; average 12"
8 - 10 feet/second 12" - 24", average 18"
10 - 12 feet/second 18" - 30"; average 24"
12 - 15 feet/second 24" - 42"; average 36"

Section 5: Field Section
Best Management Practices (BMPs)

. Rip rap must be inspected every two weeks during the

construction phase of the project.

. Rip rap must be inspected quarterly after the

construction phase of the project is finished.

. Rip Rap must be inspected after all storm events

producing a significant amount of runoff.

e Any rocks displaced during storm events must be
replaced immediately after the storm event has
ended.

Do. Install rip rap lined channels where erodible
channels are constructed or altered.

Don’t. use concrete rubble as rip rap material.
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CW: Concrete Washout

Description &

Purpose
P Objectives

Prevent or reduce the
discharge of pollutants to
stormwater from concrete
waste by conducting
washout offsite, performing
onsite washout in a
designated area, and
training employee and
subcontractors.

WM  Waste
Management

Ty

i i Pl o

Suitable Applications Potential Alternatives

Concrete Washout may be suitable in the following situations:

e  Where ever concrete, slurries, or asphalt concrete will be used on a construction site. None

Limitations

. Offsite washout of concrete wastes may not always be possible.

. Onsite concrete washout sites must be maintained to remain effective.
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The following steps will help reduce stormwater from concrete
wastes:

. Discuss the concrete management techniques described
in this BMP (such as handling of concrete waste and
washout) with the ready-mix concrete supplier before
deliveries are made.

e Incorporate requirements for concrete washouts into
material supplier and subcontractor agreements.

e Avoid mixing/ordering excess amounts of fresh concrete.

. Perform washout of concrete trucks offsite or in designated
areas only.

. Do not wash out concrete trucks into storm drains, open
ditches, streets, or streams.

. Do not allow excess concrete to be dumped onsite,
except in designated areas.

. For onsite washout

- Locate washout area at least 50 feet from storm
drains, open ditches, or water bodies. Do not allow
runoff from this area by constructing a temporary pit
or bermed area large enough for liquid and solid
waste.

- Wash out wastes into the temporary pit where the
concrete can set, be broken up, and then disposed
properly.

e Avoid creating runoff by draining water to a bermed or
level area when washing concrete to remove fine particles
and exposed aggregate.

. Do not wash sweepings from exposed aggregate
concrete into the street or storm drain. Collect and return
sweepings to aggregate base stockpile or dispose of
properly.

Onsite Temporary Concrete Washout Facility

e Temporary concrete washout facilities should be located a
minimum of 50 feet from storm drain inlets, open drainages,
and watercourses. Each facility should be located away
from construction traffic or access areas to prevent
disturbance or tracking.

e Asign should be installed adjacent to each washout
facility to inform concrete equipment operators to utilize
the proper facilities.

e Temporary concrete washout facilities should be
constructed above grade or below grade at the option of
the contractor. Temporary concrete washout facilities
should be constructed and maintained in sufficient
guantity and size to contain all liquid and concrete waste
generated by washout operations.

e Temporary washout facilities should have a temporary pit
or bermed areas sufficient volume to completely contain
all liquid and waste concrete materials generated during
washout procedures.

Section 5: Field Section
Best Management Practices (BMPs)

Washout of concrete trucks should be performed in
designated areas only.

Only concrete from mixer truck chutes should be washed
into concrete washout.

Concrete washout from concrete pumper bins can be
washed into concrete pumper trucks and discharged
into designated washout area or properly disposed of
offsite.

Once concrete wastes are washed into the designated
area and allowed to harden, the concrete should be
broken up, removed and disposed of. Dispose of
hardened concrete on a regular basis.

Temporary Concrete Washout Facility (Type Above
Grade)

- Temporary concrete washout facility (type above
grade) should be constructed as shown on the
details at the end of this BMP, with a recommended
minimum length and minimum width of 10 ft, but
with sufficient quantity and volume to contain all
liquid and concrete waste generated by washout
operations.

- Straw bales, wood stakes, and sandbag materials
should conform to the provisions stated in the Straw
Bale Barrier BMP.

- Plastic lining material should be a minimum of 10 mil
in polyethylene sheeting and should be free of holes,
tears, or other defects that compromise the
impermeability of the material.

Temporary Concrete Washout Facility (Type Above
Grade)

- Temporary concrete washout facility (type belowe
grade) should be constructed as shown on the
details at the end of this BMP, with a recommended
minimum length and minimum width of 10 ft, but
with sufficient quantity and volume to contain all
liquid and concrete waste generated by washout
operations.

- Lath and flagging should be commercial type.

- Plastic lining material should be a minimum of 10 mil
in polyethylene sheeting and should be free of holes,
tears, or other defects that compromise the
impermeability of the material.

Removal of Temporary Concrete Washout Facilities

When temporary concrete washout facilities are no
longer required for the work, the hardened concrete
should be removed and disposed of. Materials used to
construct temporary concrete washout facilities should
be removed from the site of the work and disposed of.

Holes, depressions or other ground disturbance caused
by the removal of the temporary concrete washout
facilities should be backfiled and repaired.
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Inspection and Maintenance

. Inspect and verify that activity-based BMPs are in place
prior to the commencement of associated activities.
While activities associated with the BMP are under way,
inspect weekly during the rainy season and of two-week
intervals in the non-rainy season to verify continues BMP
implementation.

e Temporary concrete washout facilities should be
maintained to provide adequate holding capacity with
a minimum freeboard of 4 in. for above grade facilities
and 12 in. for below grade facilities. Maintaining
temporary concrete washout facilities should include
removing and disposing of hardened concrete and
returning the facilities to a functional condition.
Hardened concrete materials should be removed and
disposed of.

Do. post signs directing mix trucks to centralized concrete
washout facilities.

. Washout facilities must be cleaned, or new facilities
must be constructed and ready for use once the
washout is 75% full.

Don’t. Allow concrete mix trucks to dump the excess
concrete on the ground. The cleanup is more expensive and
difficult to perform.
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SSA: Stabilized Staging Area

Description &

Purpose
P Objectives

Provides an onsite location
where equipment,
deliveries, and project
parking can be centralized
to reduce mud collection
on vehicle tires thus helping
to reduce the amount of
mud tracking onto
adjacent streets.

C Tracking Control

Suitable Applications Potential Alternatives

Stabilized Staging Areas may be suitable in the following situations:
e  Where ever an onsite construction management office is located. None
e  Where ever construction vehicles park on a job site.

e  Where ever equipment or supplies are to be stored prior to installation.

Limitations

e Adequate space may not be available on very small sites. Stabilized Staging Areas may
be incorporated in this situation by enlarging the Stabilized Construction Entrance to a size
sufficient to be utilized as a staging area.

. Onsite stabilized staging areas sites must be maintained to remain effective.
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Implementation

General

A stabilized staging area is a pad of aggregate underlain with
filter cloth located at any point where vehicles will be parked,
equipment or material are stored, and where construction
management offices are maintained. The purpose of a

stabilized staging area is to reduce or eliminate the tracking of

sediment onto public rights-of-way or streets. Reducing
tracking of sediments and other pollutants onto paved roads
helps prevent deposition of sediments into local storm drains
and production of airborne dust.

NPDES permits require that appropriate measures be
implemented to prevent tracking of sediments onto paved
roadways, where a significant source of sediments is derived
from mud and dirt carried out from unpaved roads and
construction sites.

Stabilized staging areas are moderately effective at preventing

the collection of mud onto the tires of vehicles on a
construction site when used in conjunction with stabilized
construction entrance/exits and stabilized construction roads.

The staging area should be built on level ground and should be
connected to the main street by either the stabilized entrance
or stabilized road or a combination of both. Advantages of the
stabilized staging area are that it does prevent some sediment

from equipment and serves to channel construction traffic in
and out of the site to specified locations.

Design and Layout
. Construct on level ground where possible.

. Select 3 to 6 in. diameter stones

e  Use minimum depth of stones of 12 in. or as recommended

by soils engineer.

e  Construct length of 50 ft minimum, and 30 ft minimum
width.

e  Provide ample turning radii as part of the staging area.
e Limit speed of vehicles to control dust.

e Properly grade each staging area to prevent runoff from
damaging the staging area.

. Connect staging area to the entrance/exit location of the

site by utilizing a stabilized construction roadway.

. Select construction access stabilization (aggregate,
asphaltic concrete, concrete) based on longevity,
required performance, and site conditions. Do not use
asphaltic concrete (AC) grindings for stabilized staging
area.

e If aggregate is selected, place crushed aggregate over
geotextile fabric to at least 12 in. depth, or place
aggregate to a depth recommended by a geotechnical
engineer. A crushed aggregate greater than 3 in. but

Section 5: Field Section
Best Management Practices (BMPs)

smaller than 6 in. should be used.

e Require that all employees, subcontractors, and suppliers
utilize the stabilized staging area.

¢ Implement removal and replacement of aggregate as
needed.

e Allstaging area locations intended to be used for more
than a two-week period should have stabilized staging
area BMPs.

Inspection and Maintenance

e Inspect and verify that activity-based BMPs are in place
prior to the commencement of associated activities.
While activities associated with the BMPs are under way,
inspect weekly during rainy season and of two-week
intervals in the non-rainy season to verify continued BMP
implementation.

. Remove aggregate, separate and dispose of sediment
if staging area is clogged with sediment.

. Keep all temporary ditches clear.
e Check for damage and repair as needed.

. Replace gravel material when surface voids are visible.

. Remove gravel and filter fabric at completion of

~anctriictinn

Do.

Construct a
stabilized
staging
area next to
an onsite
construction
manage-
ment office.

Don’t.

Allow
staging to
spread over
the entire
construction
site.
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oject
& Close-Out

6.0 Overview

Section 6 addresses Steps 15 through 20 in the Grading Permit process.

Step 15: Prepare the site for the Initial Close-Out
Inspection and schedule the inspection.

Section 6.1, Preparation for the Initial Close-out Inspection, describes the tasks the
Permittee(s) must complete prior to the Close-Out Inspection. Closeout Inspection must be
scheduled at leas on week prior to an anticipated request for Certificate of Occupancy
(CO), Building Permit, or Initial Close-Out Inspection.

Step 16: Attend Initial Close-out Inspection, make
any corrections requested by the City, and obtain
initial Close-out Acceptance

Section 6.2, Initial Close-out Acceptance, discusses the requirements for the Initial Close-Out
Inspection and Acceptance.

Section 6.3, Partial Acceptance for Phased Grading Projects, discusses the special
requirements for phased projects.

Step 17: Conduct monthly site inspection of BMPs.
Make necessary corrections to the onsite BMPs,

control weeds as necessary, and make corrective
actions as required.

Section 6.4, Control of Noxious Weeds, describes the types of weeds designated by the City as noxious.
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Step 18: Schedule BMP Acceptance Inspection

Section 6.5, Acceptance of BMPs, requires that once post-construction BMPs are in operation, a BMP Acceptance
Inspection should be scheduled.

Step 19: After receiving written acceptance of
the post construction BMPs from the City,
remove the onsite BMPs if needed and
schedule the Final Close-out Inspection.

Section 6.6, Final Close-Out Inspection, all on-site BMPs shall be removed and the Final Close-Out Inspection scheduled.

Step 20: After receiving written notice from the
City that all Grading requirements have been
addressed, submit a signed Fiscal Security
Release Form to the City. After the Fiscal
Security is released by the City, the project s
complete.

Section 6.7, Release of Fiscal Security, discusses the procedures for releasing the project’s Fiscal Security.

Section 6.8, Revocation of Fiscal Security for Default by Permittee(s) , procedures are described where the City revokes
the developer’s Fiscal Security and uses the funds to complete the Grading Requirements.




6.1.1 Preparation for Inspection. In preparation for the
initial Grading Acceptance Inspection the Grading
Manager should complete the following:

1. Clean all streets, sidewalks, and flow lines of
sediment with a street sweeper. Washing of
streets, sidewalks and flow lines is in direct
violation of Washington City criteria.

2.  Remove temporary erosion and sediment
controls (if directed by approved Grading
Plan or Grading Inspector) and
install/maintain erosion and sediment control
BMPs per the Washington City approved
Grading Plan.

3. Ensure all disturbed areas are stabilized, as per
Washington City criteria.

It is imperative that the above-listed items are
completed per this Grading Manual prior to the
Initial Close-out Inspection. Failure to properly
complete these items may result in a Public Works
hold being placed on the issuance of any Building

Permits or Certificates of Occupancy.

6.1.2 Scheduling the Inspection. Once al items are
completed, the Grading Manager shall contact the
Washington City Public Works Department by 3:00 p.m.
three days prior to the inspection. To allow time for
resolution of issues, the Initial Acceptance inspection
should be scheduled a minimum of one week prior to a
scheduled request for a Building Permit or Certificate of
Occupancy.
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Step 16: Attend Initial Close-out Inspection, make
any corrections requested by the City, and obtain
initial Close-out Acceptance.

6.2.1 Attendees. Representatives of the Permittee(s),
including the Grading Manager, shall attend the Initial
Close-out Inspection along with the Grading Inspector.

6.2.2. General Meeting Agenda. The following agenda
items are addressed at the Initial Close-out Inspection.

Inspection of Final BMPs. Installation of all Final BMPs are
inspected.

Inspection of Site Cleanup. Cleanup of the site and
adjoining streets are verified.

Discussion of the Post-Construction Requirements.
Regulations governing projects requiring post
construction BMPs are discussed.

6.2.3. Corrections to the Site. The permittee(s) shall
make any corrections to the site as requested by the
City Inspector. If the corrections are substantial, the
Grading Inspector may require a follow-up inspection
prior to issuing Initial Close-out Acceptance.

6.3 Phase Grading. For phased Grading Plans
requirements shall be complete for each phase for
which Initial Close-out Acceptance is applied for.
Detention and water quality facilities that serve one or
more phases shall be installed when the first phase that
drains to the facility is constructed. Once all the streets,
curb and gutter and storm sewer drainage
improvements have been completed in a phase and
all the grading, erosion and sediment controls have
been installed or repaired per the Final Grading Plan,
inspection shall be made by the Grading Inspector.

6.4 Control of Noxious Weeds. Washington City requires
owners/developers to control noxious weeds on their
property. Washington City has designated the following
as noxious weeds.

Canada thistle (Cirsium arvense) is a perennial,
developing from deep and extensive horizontal roots.
Stems are 1 to 4 feet tall, ridged, branching above. Leaves
are alternative, lacking petioles, oblong or lance-shaped,
divided into spiny-tipped irregular lobes.

Diffuse knapweed (Centaurea diffusa) is an annual,
biennial, or short-lived perennial that can grow to a height
of 3 feet, with a single, much-branched stem that gives the
plant a bushy appearance. Basal leaves are pinnately
divided and up to 6 inches long; stem leaves are entire
and smaller. Tips of each branch have a 1/3-inch wide
white or sometimes pinkish flower head that appears from
midsummer to fall.




Dyers woad (lIsatis tinctoria L) grows as a winter annual,
biennial or short-lived perennial, ranging from 1 to 4
feet tall, from a 3-5 foot long taproot. The basal rosette
produces stalked, bluish-green leaves covered with a
fine hair. The rosette leaves range from 1 %2 to 7" long,
and they are succulent. All leaves have a cream
colored mid-rib from tip to base.

Field bindweed (Wild Morning Glory) (Convolvulus
arvensis) is a perennial weed that spreads from an
extensive rootstock as well as from seed. Seed leaves
are nearly square with a shallow notch at the tip. Plants
sprouting from rhizomes lack seed leaves. Early true
leaves are spade- or bell-shaped. Leaves on mature
plants are similar to younger leaves but are lobed at
the base. Stems may be several feet long and trail
along the ground or climb on upright plants such as
shrubs. Trumpet-shaped white to purplish white flowers
close each afternoon and reopen the following day.

Hoary cress (Cardaria drabe) is a perennial that grows
up to 3 feet tall. Leaves are grayish-green, clasping,
lightly pubescent, up to 4 inches long, and are shaped
like arrowheads. Flowers are white with 4 petals, ¥ inch
across, and borne in April and May; these dense flower
clusters give the weed a flat-topped appearance early
in the season, but this is lost as the stem elongates. Two
small, flat, reddish-brown seeds are contained in each
of the heart-shaped seed pods.

Johnson grass (Sorghum halepense) is a tall, coarse,
grass with stout rhizomes. It grows in dense clumps or
nearly solid stands and can reach 8 feet (2.4 meters) in
height. Leaves are smooth, 6-20 inches (15.2-50.8 cm)
long, and have a white midvein. Stems are pink to rusty
red near the base. Panicles are large, loosely
branched, purplish, and hairy. Spikelets occur in pairs or
threes and each has a conspicuous awn. Seeds are
reddish-brown and nearly 1/8 inch long.

Leafy spurge (Euphorbia esula) is characterized by
plants containing a white milky sap and flower parts in
three's. Leafy spurge is an erect, branching, perennial
herb 2 to 3% feet tall, with smooth stems and showy
yellow flower bracts. Stems frequently occur in clusters
from a vertical root that can extend many feet
underground. The leaves are small, oval to lance-
shaped, somewhat frosted and slightly wavy along the
margin. The flowers of leafy spurge are very small and
are borne in greenish-yellow structures surrounded by
yellow bracts.

Dyers Woad

Johnson Grass

Hoary Cress

Leafy Spurge
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Medusahead

Medusahead (Taeniatherum caput-medusae) is a
winter annual whose height ranges from 6 to 24 inches
tall. The seedling stages of this grass weed occur in late
or early spring. During seedhead development, the
awn tips are visible before the seedhead emerges from
the leaves that encase it. As maturation occurs, the
seedhead becomes visible and the awns stick straight
up from the seed. The flower is a long-awned spike.
Mature awns are twisted, with a length of 1 to 4 inch.
The awns are stiff and barbed slightly. The mature plant
has a wiry and slender stem that contains narrow
leaves. The leaf blades are somewhat rolled and have
a width of 1/8 inch or less.

Musk Thistle (Carduus mutans) is an aggressive, biennial
herb with showy red-purple flowers and painful spiny
stems and leaves. Mature plants range in height from
1% to 6 feet tall, and have multi-branched stems.
Leaves are dark green, coarsely lobed, with a smooth
waxy surface and a yellowish to white spine at the tip.
The large disk-shaped flower heads, containing
hundreds of tiny individual flowers, are 1% to 3%z inches
in length and occur at the tips of stems. Flower heads
will droop to a 90-degree angle from the stem when
mature, hence its alternate name, nodding thistle.
Each plant may produce thousands of straw-colored
seeds adorned with plume-like bristles.

Perennial Pepperweed (Lepidium latifolium) Perennial
pepperweed grows up to 6 feet tall and has basal
leaves that are lance shaped, have long petioles, are
up to 12 inches long, and are covered with a waxy
layer. Stem leaves are smaller and have shorter
petioles, but don't clasp the stem. Leaves have a
prominent, whitish midvein. Flowers are white, less than
1/8 inch wide, and are borne in dense, rounded
clusters at the branch tips from early summer until fall.
Fruits are roundish, slightly hairy, measure 1/16 inch in
diameter, and contain 2 tiny seeds.

Perennial Sorghum (Sorghum halepense L & sorghum
almum) is a tall, robust perennial tetraploid, spreading
by short stout rhizomes; culms normally about 2 m tall,
sometimes up to 4.5 m tall; leaves resembling those of
johnsongrass but wider, waxy, 30-100 cm long, 5-4 cm
broad; heads longer, lax, more spreading with more
branches at whorl than in johnsongrass; the panicle 3-
10 cm wide; articulation of pedicelled spikelet breaking
off at maturity with the uppermost portion of the
pedicel; seed slightly larger than in johnsongrass,
brown, ovate, 3.3-4 mm long, 2-2.3 mm broad.

Perennial Sorghum Musk Thistle
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Purple Loosestrife

Purple loosestrife (Lythrum salicaria L.) is an erect
perennial herb in the loosestrife family, with a square,
woody stem and opposite or whorled leaves. Leaves
are lance-shaped, stalkless, and heart-shaped or
rounded at the base. Plants are usually covered by a
downy pubescence. Loosestrife plants grow from four
to ten feet high, depending upon conditions, and
produce a showy display of magenta-colored flower
spikes throughout much of the summer. Flowers have
five to seven petals. Mature plants can have from 30 to
50 stems arising from a single rootstock.

Quackgrass (Agropyron repens) is aggressive perennial
grass with long slender white rhizomes; rhizome tips are
yellowish and sharp-pointed; base of leaf blade with
claw-like appendage that clasps the stem; spikelets, up
to 15 cm long, are in 2 long rows borne flatwise to the
stem.

Russian Knapweed (Centaurea repens) is a greyish
perennial up to 3' tall and typically in dense clumps.
Leaves are alternate and of several types. Upper are
small, narrow, smooth edged; stem are larger with small
toothed margins; basal are deeply notched. Stems
branch profusely with terminal flowers. Flowers are
thistle-like with scaly seed head and lavender color.
Roots are very dark and heavily scaled. Seeds are
flattened, ivory in color and held in cup shaped seed
heads.

Scotch thistle (Onopordum acanthium) is a biennial
that can reach a height of 8 feet. Large, coarsely
lobed, hairy leaves have a velvety-grey appearance.
The rosette forms the first year and can have leaves up
to 2 feet long and 1 foot wide. The spiny-edged,
alternate leaves form leaf wings that extend down onto
the stem. This branching plant has reddish-purple to
violet flowers and a large, fleshy taproot. Seeds are
about 3/16 inch long and tipped with slender bristles.

Spotted knapweed (Cenaurea maculosa) is a biennal
or short lived perennial. A rosette forms the 1st year
and a flowering stalk elongates the 2nd year. Leaves
are long divided below, short and narrow above and
covered with fine hair. Stems are erect with wiry
branches also covered with fine hair. Flowers are
usually pink or purple. Seed heads are solitary, up to 1"
across and have black tipped bracts with 5 to 7 pairs of
short feathery appendages. Seeds are brownish, 1/8"
long, notched on one side of base with short bristles at Scotch Thistle Spotted Knapweed
the tip.
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Squarrose knapweed (Centaurea squarrosa) bears
numerous groups of four to eight rose-or pink-colored
flowers on highly branched stems. Lower leaves are
deeply divided. Mature plants are typically between 30
- 45 cm tall. This weed is very similar in appearance to
diffuse knapweed. Unlike diffuse knapweed, the
seedheads fall off at maturity.

Yellow starthistle (Centaurea solstitialis) is an erect,
rigid, branching annual. Leaves are deeply lobed at
the base but not lobed further up. Leaves are small and
pointed. Stems have winged structures, are covered
with a cottony fiber and are up to 30" tall. Flowers are
yellow and terminal. Flower bracts are tipped with a
straw-colored 3/4 inch thorn. The root is taproot in
form. Seeds are smooth, light-colored, often mottled,
1/8"long and notched just above the base.

Whorled milkweed (Asclepias subverticillata) is an
erect hairless perennial reproducing by seed and deep
rooted horizontal roots. Stems, slender, 1 to 3 feet tall,
smooth, erect, and unbranched, arise from a branched
rootcrown either singly or in clumps. Leaves, narrow, up
to 3/8 inch wide and 2 to 5 inches long, occur in whorls,
mostly three or four per node and are nearly stalk less
with secondary clusters of small leaves in at least some
of the axils. Flowers are green-white, found in umbrella-
like clusters at the top of the branches and in leaf axils.
The erect follicles (seedpods), 2 to 4 inches long,
narrow and long pointed, contain many flat brown
seeds which have a tuft of silky hair a the top.

Squarrose Knapweed

Whorled Milkweed

Yellow Starthistle




6.5 BMP Acceptance
Inspection. Once post-
construction BMPs have
been installed, the
permittee(s) shall schedule
a BMP acceptance
inspection.

6.5.2 Written Acceptance.
The Grading Inspector will
confirm that post-
construction BMPs have
been installed and that
noxious weeds have been

6.6.1 Removal of On-site
BMPS. After obtaining
written acceptance of
post-construction BMPs,
temporary on-site BMPs
shall be removed and
properly disposed. The site
shall be cleaned and any
areas disturbed as a result
of the BMP removal shall be
mitigated. The Final Close-
out Inspection shall then be
scheduled with the City.

6.6.2 Final Close-out
Inspection. The Grading
Inspector will verify the
removal of temporary BMPs
and either accept the work
or stipulate the corrections
needed. If corrections are
substantial, the Grading
Inspector may require that
a follow-up inspection be
scheduled with the City.

controlled. If the post
construction BMPs are
accepted, the Grading
Inspector will issue written
acceptance and give the
Permittee(s) instructions
regarding temporary BMPs.
If the BMPs have been
improperly installed, repairs
or corrections will have to
be made by the
Permittee(s) and a follow-
up BMP Acceptance
Inspection scheduled.
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Step 20: After receiving written notice from the City
that all grading requirements have been
addressed, submit a sighed Fiscal Security Release
Form to the City. After the Fiscal Security is released
by the City, the project is complete.

6.7 Release of Fiscal Security. Once Final Close-out
Acceptance has been obtained, the Permittee(s) may
submit a Release of Grading Fiscal Security Request
Form to the Washington City Public Works Department.
A copy of the form is included in Appendix D. The
completed form will be signed by the Grading
Inspector and the project’s Fiscal Security will be
released.

6.8.1 Default by Permittee(s). In the event that the
Permittee(s) default on any of the requirements of the
Grading Permit, Grading Plan, or Grading Manual
remedies will be in accordance with the remedies
identified in this Grading Manual, and any other
remedies provided by law.

Y A

A default by permittee(s) shall be based on conditions
including, but not limited to, the following:

1. Permittee(s) fails to construct the
improvements in substantial compliance
with the Grading Plan or the other
requirements of the Grading Permit;
Permittee(s) fails to complete construction of
the grading improvements by the
completion date provided in the Grading
Plan or Permit as the same my be extended;
Permittee(s) fails to cure any noncompliance
specified in any written notice of
noncompliance within the timeframe
specified in the notice of noncompliance;
Permittee(s) otherwise breaches or fails to
comply with any obligation of the Grading
Permit;

Permittee(s) becomes insolvent, files a
voluntary petition of bankruptcy, is
adjudicated as bankrupt pursuant to an
involuntary petition in bankruptcy, or a
receiver is appointed for the Permittee;
Permittee(s) fails to maintain in full force and
effect a letter of credit in the amounts
specified above or in the Grading Permit.
Notice of default as to any phase of the
grading improvements must be given prior to
expiration of the warranty period.

6.8.2 Notice of Default. If the City Public Works Director,
or representative of the Public Works Director, gives
notice that a Default by Permittee(s) exists, and if the
Permittee(s) fails to cure such default within the time
specified by the Public Works Director, the City shall be
entitled to (a) make a draw on the letter of credit for
the amount reasonably determined by the City to be
necessary to cure the default in a manner consistent
with the approved Grading Plan up to the face
amount of the letter of credit; and sue the Permittee(s)
for recovery of any amount necessary to cure the
default over and above the amount available under
the letter of credit.

6.8.3 City Right to Complete Grading Improvements.
The City shall have the right to complete the grading
improvements, in substantial accordance with the
Grading Plan, the engineer’s estimate, and other
requirements of the Grading Manual, either itself or by
contract with a third party or by assignment of its rights
to a successor Permittee(s) who has acquired the
project by purchase, foreclosure, or otherwise. The City,
and Contractor under contract with the City, or any
such successor Permittee(s), their agents,
subcontractors and employees shall have the non-
exclusive right to enter upon the subject property for
the purpose of completing the grading improvements.

6.8.4 Use of Funds by the City. Any funds obtained by
the City under a letter of credit, or recovered by the
City from the Permittee(s) suit or otherwise, will be used
by the City to pay the costs of completion of the
Grading Improvements substantially in accordance
with the Grading plan and the other requirements of
this Grading Manual and to pay the reasonable costs
and expenses of the City in connection with the Default
by Permittee(s), including reasonable attorneys’ fees,
with the surplus, if any, to be returned to the
Permittee(s).




Impact
it

7.0 Overview

Section 7 is a streamlined 10-step process for projects qualifying for a Low Impact Grading Permit.

Step 1: Confirm that a Low Impact Permit is
required.

Section 7.1, identifies the qualifications for a Low Impact Grading Permit.

Step 2: Prepare a Low Impact Permit Application
and Drawing.

Section 7.2, discusses the preparation requirements for a low impact permit application and
drawing.

Step 3: Submit the Low Impact Permit Application
and Drawing to the city for review and
acceptance and revise documents as necessary to
address City comments.

Section 7.3, describes the submittal, review and acceptance, and revision process.

Step 4. After City acceptance, pay fee, submit
Fiscal Security if required, and pick up Low Impact
Permit, Grading Drawing, and Grading Field
Manual.

Section 7.4, discusses the City acceptance, fees, and fiscal security.
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Step 5: Review Field Manual and ensure that
Permittee(s) understand Permit requirements.

Section 7.5, discusses the Grading Field Manual and permit requirements.

Step 6: Install Initial BMPs on the project site.

Section 7.6, discusses installation of initial BMPs.

Step 7: Start construction, implementing the
appropriate BMPs as shown on the permit
drawings. Approved drawings and permits must
be available on site at all times.

Section 7.7, addresses construction start and addressing grading requirements.

Step 8: Address any issues raised during City
Inspections.

Section 7.8, addresses inspection schedules, violations, and stop work orders.

Step 9: Install post-construction BMPs in
accordance with Field Manual

Section 7.9, discusses post-construction BMPs.

Step 10: Schedule City inspection when
construction is complete and post construction
BMPs are installed. After receiving written
acceptance of post construction BMPs the
project is complete.

Section 7.10, identifies when to schedule a final close out inspection, project completion, and release of fiscal security.




7.1 The first step in the process is to examine the
information in Section 1.4 and 1.5 to confirm that a Low
Impact Grading Permit is required for the project. This
Low Impact Grading Permit applies to projects with a
disturbed area less than one acre where insignificant
negative impact can be adequately demonstrated to
City staff.

The Public Works Department can be contacted to
clarify Grading Permit requirements and interpret with
Grading Permit, if any, applies to a particular project.

A simplified permitting process is associated with a Low
Impact Grading Permit. A Low Impact Grading Pemrit
does not require Grading Drawings to be prepare or
stamped by a Professional Engineer because typically
the work does not involve engineering design.

Even with streamlined application and inspection
procedures, the BMPs discussed herein shall be
followed. If the City finds a Low Impact Permittee to be
non-compliant, the Permit may be revoked and a Stop
Work Order issued in accordance with Section 5.9.1.

Even though the Low Impact Grading Permit offers streamlined
application and inspection procedures, the erosion and sediment
control practices discussed herein shall be adhered to ad penalties for

non-compliance will apply.




7.2.1 Low Impact Permit Application Requirements. For
Low Impact Permits, Grading Drawings shall be
accompanied by a completed Low Impact Grading
Permit Application (a copy is included at the end of this
section). Nor Grading Report is required, but the
application form requires descriptive information
regarding the proposed project.

7.2.2. Low Impact Drawing Requirements. Although a
detailed Grading Plan need not be prepared for sites
where a Grading Low Impact Permit is sought, the
following drawings shall be prepared and submitted to
the City to provide enough information to determine if
a Low Impact Permit is acceptable for the proposed
work:

1. General Location Map-at a scale of 1 inch to 1000
feet to 1-inch to 8000 feet, indicating the general
vicinity of the site location, including all roadways and
a north arrow.

2. Detailed plan showing:
. North arrow.
e  Approximate scale of drawing.
e Limits of work area.
. Proximity of work area to property lines.

e Al surface water hydrologic features within
100-feet of proposed work area and
directional flow arrows indicating stormwater
runoff.

. Erosion and sediment control BMPs in
accordance with these criteria.

An example Grading Drawing for a Low Impact Permit
is included at the end of this section.

7.2.3. Required BMPs. A Low Impact Grading Permit
requires at minimum the installation of three basic

BMPs.

The initial BMP is SCE: Stabilized Construction Entrance

designed to reduce tracking of mud and dirt onto public
roads adjacent to the construction site. Detailed
information of its purpose, application, limitation,
implementation, inspection and maintenance, and
detailed drawings are available at the end of this section.

Construction BMPs include SSA: Stabilized Staging Area,
and SWB: Straw Bale Barrier. These BMPs are designed to
control sediment flow from the construction site. Detailed
design information on the application, limitations,
implementation, inspection and maintenance, and
detailed drawings are available at the end of this section.
Alternative BMPs are available in the BMP handbook
included in Section 5. These BMPs may be used with the
approval of the Washington City Public Works Department.

The purpose of Post Construction BMPs are to prevent
disturbed areas from eroding on to adjacent areas. WM:
Wood Mulch BMP is provided as example BMP for post-
construction use. Available alternatives such as
hydroseeding, straw mulch, hydraulic mulch, and soil
binders are presented in the BMP manual in Section 5.
These alternative BMPs may be used with the approval of
the Washington City Public Works Department.
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Step 3: Submit the
Low Impact Permit
Application and
Drawing to the City
for review and
acceptance and
revise documents as
necessary to address
City comments.

7.3 After the Grading Drawing has been prepared and
a Low Impact Permit Application form has been filled
out and signed, the items shall be submitted to the
Public Works department.

The Grading Plan will be reviewed for the effectiveness
of the overall plan. After review, written comments will
be provided to the applicant.

Step 4: After City
acceptance, pay
fee, submit Fiscal
Security if required,
and pick up signed
copies of the
application and
drawings, and field
manual.

7.4 Once the Grading Drawing and Permit have been
accepted by Washington City, the Applicant shall pick
up the drawing, Permit, and a copy of the Grading
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Field Manual. At the same time, the Applicant shall pay
permit fees to the City, and, if the City requires, submit
Fiscal Security for the work. Permit fees shall be paid in
accordance with Section 4.8 and Fiscal Security shall
be submitted in accordance with Section 4.9.

Step 5: Review
Grading Field Manual
and ensure that
Permittee(s)
understand Low
Impact Permit
reguirements.

7.5 The Permittee(s) shall thoroughly review the Grading
Field Manual and the Grading Drawing for any BMPs
that will be installed to understand all of the
requirements of the Grading Permit Process and
subcontractors or field personnel also need to be
made aware of the grading requirements.

Step 6: Install Initial
BMPs on the project
site.

7.6 Once a copy of the Grading Field Manual has been
picked up and reviewed, the Initial BMPs shown on the
approved Grading Low Impact Drawing shall be
installed.

The Field Manual included at the end of this section
provides guidance on the correct installation and
maintenance of BMPs.

Step 7: Start
construction,
Implementing the
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appropriate BMPs as
detailed on the
permit drawings.
Approved drawing s
and permits must be
available on site at all
times.

7.7 After installation of the Initial BMPs, construction may
begin. The approved Grading Permit, the accepted
construction drawings and the Grading Field Manual
are to be kept on site in the Permittee(s)’ possession at
all times.

During construction all grading criteria shall be adhered
to. If Washington City finds a Low Impact Permit holder
to be non-compliant with the Grading Permit or any
other grading criteria, the Permit may be revoked and
a Stop Work Order issued. The City may then require the
Permittee(s) to obtain a Standard Grading Permit per
Sections 2 through 6.

Step 8: Address issues
during any City
iInspections.

7.8 Under a Low Impact Grading Permit, only a final
close-out inspection is required (and this only for certain
cases); however, Grading Inspectors may visit a Low
Impact site at any time. Permittee(s) shall address any
comments or corrections required by the Grading
Inspector. Failure to correct issues raised by the City
may result in a Stop Work Order.

Section 5.9 provides information
violations and enforcement,
including the Stop Work Order.

Step 9: Install post-
construction BMPs in
accordance with the
Grading Field Manual.

7.9 All disturbed areas shall be mulched in accordance
with the Field Manual provided at the end of this
section.

Step 10: Schedule
Acceptance
Inspection when
construction is
complete and post
construction BMPs
have been installed.
After receiving written
acceptance of post
construction BMPs
then the project s
complete.

7.10 When required by the City, (refer to permit
instructions) schedule an acceptance inspection with
the Public Works Department.

After receiving written acceptance of the post
construction BMPs, on-site BMPs may be removed and
the project is complete and Fiscal Security, if provided,
will be released.
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1.1 SHORT TITLE

The manual together with all future changes and
amendments shall be known as the “City of Washington
Hydrology Manual” (hereafter called HYDROLOGY MANUAL)
as referenced in the Grading Permit Manual and
Ordinances.

1.2 JURISDICTION

The HYDROLOGY MANUAL shall apply to all land within the
incorporated areas of the City, including any public lands.
This HYDROLOGY MANUAL shall apply to all facilities
constructed on City ROW, easements dedicated for public
use, and to all privately owned and maintained drainage
facilities, including but not limited to detention ponds, storm
sewers, inlets, manholes, culverts, swales, and channels; or as
otherwise approved.

1.3 PURPOSE AND EFFECT

Presented in this HYDROLOGY MANUAL are the minimum
design and technical criteria for the analysis and design of
storm drainage facilities. All subdivisions, resubdivisions,
planned unit development, or any other proposed
development or construction submitted for approval under
the provisions of the REGULATIONS shall include adequate
storm drainage system analysis and appropriate drainage
system design. Such analysis and design shall meet or
exceed the criteria set forth herein. Options to the provisions
of this HYDROLOGY MANUAL may be suggested by the
applicant. The applicant shall have the burden of showing
that the options are equal or better. Drainage facilifies in
place or under constfruction at the time of HYDROLOGY
MANUAL adoption shall be accepted without regard to the
provisions of this HYDROLOGY MANUAL.

1.4 AMENDMENT AND REVISIONS

These policies and criteria may be amended as new
technology is developed and/or if experience gained in the
use of this HYDROLOGY MANUAL indicates a need for
revision. Amendments and revisions will be made by the
Manager, and may be accompanied by revision to the
Regulations as appropriate.

1.5 ENFORCEMENT RESPONSIBILITY

It shall be the duty of the Public Works Department to
enforce the provisions of this HYDROLOGY MANUAL, in
coordination with the City Attorney, as appropriate.

1.6 REVIEW AND APPROVAL

The City will review all drainage submittals for general
compliance with this HYDROLOGY MANUAL. An approval by
the City does not relieve the owner, engineer, or designer
from responsibility for ensuring that the calculations, plans,
specifications, construction and record drawings are in

compliance with this HYDROLOGY MANUAL, and will
accomplish the necessary or desired drainage objectives.

1.7 INTERPRETATION

In the interpretation and application of the provisions of this
HYDROLOGY MANUAL, the following shall govern:

1.1.1 Initsinterpretation and application, the provisions
shall be regarded as the minimum requirements for
the protection of the public health, safety and welfare
of the residents of the City.

1.1.2 If other laws, ordinances, or regulations cover the
same subject as this HYDROLOGY MANUAL, the stricter
standard shall apply.

1.1.3 These HYDROLOGY MANUAL shall not abrogate or
annul any permits or approved drainage reports,
construction plans, easements, or covenants issued
before the effective date of this HYDROLOGY
MANUAL.

1.8 RELATIONSHIP TO OTHER STANDARDS

If the State or Federal Government imposes stricter criteria,
standards, or requirements, these shall be incorporated into the
City's Criteria by the Public Works Director as necessary and
appropriate. Permits from other regulatory agencies may be
required for some of the work covered by this HYDROLOGY
MANUAL. The property owner has the responsibility to apply for
all other required permits.

1.9 ABBREVIATIONS

As used in this HYDROLOGY MANUAL, the following
abbreviations shall apply:

UDOT  Utah Department of Transportation

CSP Corrugated Steel Pipe

CSPA Corrugated Steel Pipe Arch

FEMA Federal Emergency Management Agency
FIRM Flood Insurance Rate Map

HERCP  Horizontal Elliptical Reinforced Concrete Pipe
NPDES  National Pollution Discharge Elimination System
RCBC  Reinforced Concrete Box Culvert

RCP Reinforced Concrete Pipe

ROW Right-of-Way

SCS Soil Conservation Service

USGS United States Geological Survey

WCGM Washington City Grading Manual

1.10 WAIVERS

The Public Works Director or designated representative may, in
his or her sole discretion, waive requirements contained in this
HYDROLOGY MANUAL upon a finding of undue hardship and
no significant deleterious effects.






2.1 REVIEW PROCESS

All subdivisions, resubdivisions, Planned Unit Developments or any
other development or redevelopment done within the jurisdiction
of this HYDROLOGY MANUAL shall be required to submit drainage
reports, plans, construction drawings, specifications and as-
constructed information in conformance fo the requirements of
this HYDROLOGY MANUAL.

2.1.1 Subdivision Process

The general requirements for the subdivision of land in
Washington City, and conditions requiring subdivision, are set
forth in the Washington City Standards and Ordinances.
Readers of this HYDROLOGY MANUAL are referred to the
Subdivision Rules and Regulations for standards and
procedures for the review and approval of subdivision plats.

2.1.2 Permit Process

Any structure or other development or redevelopment which
requires a building permit under the International Building

Code may also require a Sewer Use and Drainage Permit to be Il
issued by the Public Works Department. A Sewer Use and

Drainage Permit will only be issued upon conformance to
requirements contained in this HYDROLOGY MANUAL as

evidenced by approval of the Final Drainage Report.

2.2 DRAINAGE REPORT

Two copies of the drainage report, prepared and signed by a
Professional Engineer registered in the State of Utah, shall be
submitted to the Public Works Department for review. Reports
shall be cleanly and clearly reproduced and legible throughout.
Blurred or unreadable portions of the report will be deemed
unacceptable and will require resubmittal. Standard form SF-1
(appendix) will be used to check the completeness of the
submittal. Incomplete or absent information may require
resubmittal of the report.

A pre-submittal conference is suggested in cases involving large
development or redevelopment or where special conditions or
problems have become apparent during the development
review process.

2.2.1 Preliminary Drainage Report

If the pre-submittal conference determines that the project is
of sufficient size or complexity, a preliminary drainage report

may be required in advance of the final drainage report. This M.

may also be done at the developer’s or developer's
representative’s request.

2.2.2 Preliminary Drainage Report Contents

The purpose of a preliminary report is to define on a
conceptual level the nature of the proposed development or
project, describe all existing conditions and propose facilities
needed to conform to the requirements of this HYDROLOGY
MANUAL.

I. GENERAL LOCATION AND DESCRIPTION

A. Location

1.

City, County, State Highway and local streets
within and adjacent to the site, or the area
to be served by the drainage improvements
Township, range, section, 1/4 section,
(subdivision, lot and block)

Maijor drainageways and facilities

Names of surrounding developments

B. Description of Property

5.

Area in acres

Ground cover (type of ground cover and
vegetation)

Maijor drainageways

Existing maijor irrigation facilities such as
ditches and canals

Proposed land use

DRAINAGE BASINS AND SUB-BASINS

A. Major Basin Description

1.

2.

3.

Reference to major drainageway planning
studies such as flood hazard delineation
report, major drainageway planning reports,
and flood insurance rate maps. (available in
the Washington City Stormwater Masterplan)
Maijor basin drainage characteristics, existing
and planned land uses within the basin, as
defined by the Planning Department
Identification of all nearby irrigation facilities
within 100-feet of the property boundary,
which will influence or be influenced by the
local drainage

B. Sub-Basin Description

1.

2.

Discussion of historic drainage patterns of
the property in question

Discussion of offsite drainage flow patterns
and impact on development under existing
and fully developed basin conditions as
defined by the Planning Department

DRAINAGE FACILITY DESIGN

A. General Concept

1.

2.

Discussion of concept and typical drainage
patterns

Discussion of compliance with offsite runoff
considerations

Discussion of anticipated and proposed
drainage patterns

Discussion of the content of tables, charts,
figures, plates, or drawings presented in the
report



B. Specific Details (Optional Information)

1. Discussions of drainage problems
encountered and solutions at specific design
points

2. Discussion of detention storage and outlet
design

3. Discussion of maintenance and access
aspects of the design

4. Discussion of impacts of concentrating the
flow on the downstream properties

V. REFERENCES

Reference all criteria, master plans, and technical information
used in support of concept

2.2.3 Preliminary Report Drawing Contents

a) General Location Map: All drawings shall be 24" x 36”
in size. A map shall be provided in sufficient detail to
identify drainage flows entering and leaving the
development and general drainage patterns. The
map should be at a scale of 1" = 1000’ fo 1" = 4000’
and show the path of all drainage from the upper
end of any offsite basins to the defined major
drainageways. The map shall identify any major
facilities from the property (i.e., development,
imigation ditches, existing detention facilities, culverts,
storm sewers) along the flow path to the nearest
major drainageway. Basins and divides are to be
identified and topographic contours are to be
included.

b) Floodplain Information: A copy of the current flood
insurance rate map for the City showing the location
of the subject property shall be included with the
report as outlined in Section 2.2.2. All major
drainageways (see Section 3.2.5) shall have the
floodplain defined and shown on the report drawings.

c) Drainage Plan: Map(s) of the proposed development
atascale of 17 =20"to 1" =200" on a 24" x 36"
drawing shall be included. The plan shall show the
following:

1. Existing topographic contours at 2-feet maximum
intervals. The contours shall extend a minimum of
100-feet beyond the property lines.

2. All existing drainage facilities.

3. Approximate flooding limits based on available
information.

4. Conceptual major drainage facilities including
detention basins, storm sewers, swales, riprap, and
outlet structures in the detail consistent with the
proposed development plan.

5. Major drainage boundaries and sub-boundaries.

6. Any offsite feature influencing development.

7. Proposed flow directions and, if available,
proposed contours.

8. Legend to define map symbols.

9. Project name, address, engineering firm and seal,
and date in Title block in lower right corner.

10. Show north arrow, scale and available bench mark
information and location.

2.3 FINAL DRAINAGE REPORT

The final drainage report serves to define and expand the
concepts shown in the preliminary report and is sufficient by
itself to assure conformance to this HYDROLOGY MANUAL. The
final report may be submitted at any point during the
permitting and platting process, but must be reviewed and
approved prior to approval of the subdivision plat or issuance
of the Sewer Use and Drainage Permit.

Two copies of the report shall be submitted to the Public Works
Department. Reports shall be typed and bound on 8-1/2" x 11"
paper with pages numbered consecutively. Drawings, figures,
tables, etc., shall be bound with the report or contained in an
attached pocket. The report shall include a cover letter
presenting the design for review prepared or supervised by a
Professional Engineer licensed in the State of Utah. The report
shall contain a certification sheet as follows:

“This report for the drainage design of (Name of Development)
was prepared by me (or under my direct supervision) in
accordance with the provisions of City of Washington Storm
Drainage Design and Technical Criteria, and was designed to
comply with the provisions thereof. | understand that the City of
Washingfon does not and will not assume liability for drainage
facilities design.”

2.3.1 Final Drainage Report Contents

The Report shall be in accordance with the following outline
and contain the applicable information listed:

I.  GENERAL LOCATION AND DESCRIPTION
A. Location

1. Township, range, section, 1/4 section

2. Local streetfs within and adjacent to the subdivision
with ROW width shown

3. Major drainageways, facilities, and easements
within and adjacent to the site

4.  Names of surrounding developments

B. Description of Property

1. Areain acres

Ground cover (type of frees, shrubs, vegetation,
general soil conditions, fopography, and slope)
Maijor drainageways

General project description

Irigation facilities

Proposed land use

N

cOAW®

Il.  DRAINAGE BASINS AND SUB-BASINS
A. Major Basin Description

1. Reference to major drainageway planning studies
such as flood hazard delineation report, major
drainageway planning reports, and flood insurance
rate maps.

2. Major basin drainage characteristics, existing and
planned land uses.



3.

B.

Identification of all irigation facilities within the
basin which will influence or be influenced by the
local drainage.

Sub-Basin Description

Discussion of historic drainage patterns of the
property in question

Discussion of offsite drainage flow patterns and
impact on development under existing and fully
developed basin conditions as defined by the
Washington City General Plan

DRAINAGE DESIGN CRITERIA

@

Regulations: Discussion of the optional provisions
selected or the deviation from the HYDROLOGY
MANUAL, if any, and its justification.

Development Criteria Reference and Constraints

Discussion of previous drainage studies (i.e., project
master plans) for the site in question that influence
or are influenced by the drainage design and how
the plan will affect drainage design for the site
Discussion of the effects of adjacent drainage
studies

Discussion of the drainage impact of site constraints
such as streets, utilities, transitways, existing
structures, and development or site plan

Hydrological Criteria

Identify design rainfall

Identify runoff calculation method

Identify detention discharge and storage
calculation method

Identify design storm recurrence intervals

Discussion and justification of other criteria or
calculation methods used that are not presented in
or referenced by the HYDROLOGY MANUAL

Hydraulic Criteria

Identify various capacity references
Discussion of other drainage facility design criteria
used that are not presented in the

DRAINAGE FACILITY DESIGN

General Concepft

Discussion of concept and typical drainage
patterns

Discussion of compliance with offsite runoff
considerations

Discussion of the content of tables, charts, figures,
plates, or drawings presented in the report
Discussion of anficipated and proposed drainage
patterns

B.

Specific Details

Discussions of drainage problems encountered and
solutions at specific design points

Discussion of detention storage and outlet design
Discussion of maintenance access and aspects of
the design

Discussion of easements and tracts for drainage
purposes, including the conditions and limitations
for use

V. CONCLUSIONS

A. Compliance with Standards

1.
2.
3.

B.

1.

“"HYDROLOGY MANUAL"
“Capital Facilities Plan™
"GRADING MANUAL"

Drainage Concept

Effectiveness of drainage design to control
damage from storm runoff

Influence of proposed development on the
Washington City Stormwater Masterplan
recommendation(s)

VI.  REFERENCES

Reference all criteria and technical information used.

VIl. APPENDICES

A.

Hydrologic Computations*

Land use assumptions regarding adjacent
properties

Initial and major storm runoff af specific design
points

Historic and fully developed runoff computations at
specific design points

Hydrographs at critical design points

Time of concentration and runoff coefficients for
each basin

Hydraulic Computations (Optional for Phase Il)*

Culvert capacities

Storm sewer capacity, including energy grade line
(EGL) and hydraulic grade line (HGL) elevations
Gutter capacity as compared to allowable using
Figures-1003 and -1004

Storm inlet capacity including inlet confrol rating at
connection to storm sewer

Open channel design

Check and/or channel drop design

Detention area/volume capacity and outlet
capacity calculations; depths of detention basins
Downstream/outfall system capacity to the Major
Drainageway System

* Include any input and output listings and diskettes for

computer models used.



2.3.2 Final Report Drawing Contents

a)

c)

General Location Map: All drawings shall be 24" x 36"
in size. A map shall be provided in sufficient detail to
identify drainage flows entering and leaving the
development and general drainage paftterns. The
map should be at a scale of 1" = 1000’ to 1" = 4000’
and show the path of all drainage from the upper
end of any offsite basins to the defined major
drainageways (see Washington City Stormwater
Masterplan). The map shall identify any major a)
construction (i.e., development, irritation ditches,

existing detention facilities, culverts, storm sewers)

along the entire path of drainage. Basins and divides

are to be identified and topographic contours are fo

be included.

Floodplain Information: A copy of the effective flood

insurance rate map showing the location of the

subject property shall be included with the report. All

major drainageways (see Section 3.2.5) shall have the b)
floodplain defined and shown on the report drawings.

Drainage Plan: Map(s) of the proposed development
atascale of 1" =20"to 1" =200"' on a 24" x 36"
drawing shall be included. The plan shall show the
following”

1. Existing and (if available) proposed contours at 2-
feet maximum intervals. In areas of little relief, 1-
foot contours shall be shown. The contours shall
extend a minimum of 100- feet beyond the
property lines.
2. Property lines and easements with proposed
noted.
3. Streets, indicating ROW width, flowline width,
curb type, sidewalk, and approximate slopes.
4. Existing drainage facilities and structures,
including irrigation ditches, roadside ditches,
crosspans, drainageways, gutter flow directions,
and culverts. All pertinent information such as
material, size, shape, slope, and location shall d)
also be included.
5. Overall drainage area boundary and drainage
sub-area boundaries.
6. Proposed type of street flow (i.e., vertical or
combination curb and gutter), roadside ditch,
gutter, slope and flow directions, and cross pans.
7. Proposed storm sewers and open drainageways,
including inlets, manholes, culverts, and other
appurtenances, including riprap protection.
8. Proposed outfall point for runoff from the
developed area and facilities to convey flows to
the final outfall point without damage to e)
downstream properties.
9. Routing and accumulation of flows at various
critical points for the inifial storm runoff listed on
the drawing. f)
10. Routing and accumulation of flows at various
critical points for the major storm runoff listed on
the drawing.
11. Volumes and release rates for detention storage 9)
facilities and information on outlet works.
12. Location and elevations of all existing floodplains
affecting the property.

13. Routing of offsite drainage flow through the
development.

14. Location of any improvements included in the
"Washington City Storm Drainage Master Plan”.

15. Definition of flow path leaving the development
through the downstream properties ending at a
major drainageway.

2.3.3 Drainage Report Information Checklist

Cover Page: All drainage reports should include a

cover page that includes:

- Project name

- Project location

—  Name of person or company performing the
drainage study

- Project owners name

—  Date

- Professional Engineers stamp (must be licensed in
the State of Utah)

Table of Contents: All drainage reports should include

a table of contents that includes:

- Report Sections with subsections

- Figures

- Tables

- Calculations

- Output Results

Section One: Section One is an infroduction

describing the project location, size, and type of

development and should include the following
subsections:

- 1.1 Background - Overview of projects
informtion including size, location, and type of
proposed development.

- 1.2 Purpose and Need - Describes what will be
included in the report such as drainage
improvements, peak runoff, required detention
volume, efc.

- 1.3 Reference Material - Lists figures and
supplemental information and describes the
purpose of including the information.

Section Two: Section Two is an overview of the

existing conditions and a summary of the proposed

improvements and should contain the following
subsections:

- 2.1 Existing Property Description — Describe the
condition of the proposed development area
prior fo any development.

- 2.2 Proposed Improvements — Describe the
improvements to be constructed to convey the
stormwater through the development and where
the stormdrain will connect to the major
frunklines.

Section Three: Section Three gives a description of the

off-site drainage affecting the proposed

development and the infrastructure to be installed to
convey the off-site stormwater.

Section Four: Section Four gives a description of the

on-site drainage including the average slope, means

of conveying the on-site water to off-site frunklines
including any required detention.

Section Five: Section Five discusses the FEMA

Floodplain Requirements and gives a description of

any portion of the proposed development located

within a FEMA designated floodplain that will require
flood insurance.



h)

k)

k)

m)

Section Six: Section Six discusses any previous
drainage studies performed that may affect the
property or may be reference to gain more insight
info the drainage patterns.

Section Seven: Section Seven discusses the proposed

drainage facilifies including but not limited to curb,

gutter, storm drain, detention basins, etc. and should
have a sub-section describing each proposed
improvement.

Section Eight: Section Eight describes the effect the

proposed development may have on floodplain and

the measures taken to ensure all requirements
concerning the development of floodplains are
conformed tfo.

Section Nine: Section Nine discusses the design runoff

computations and should have the following sub-

sections:

a) 9.1 Selection of Hydrologic Model — Discuss the
method used to calculate the runoff and if
software is ufilized list the name of the software.

b) 9.2 Model Input Parameters — List the variables
required to calculate the runoff.

c) 9.3 Watershed Area — Describe the watershed
affecting the proposed development.

d) 9.4 Curve Number - Describe the existing soils,
vegetation, and development conditions and
the curve number that is used in the runoff
calculations.

e) 9.5 LagTime —-Show the calculations used to
determine the lag fime.

f) 9.6 Rainfall Depth — Give the rainfall depth used
in the runoff calculations and the source of the
information.

g) 9.7 Time Distribution of Rainfall - Give the type of
storm used in the model (i.e. SCS Type Il)

h) 9.8 Model Output — Give the results of the pre-
developed peak flow as compared to the post-
developed peak flow.

Section Ten: Section Ten discusses the drainage

facility design calculations such as pipe sizing,

roadway improvements, and detention requirements.

Section Eleven: Section Eleven Discusses any required

drainage easements or right-of-ways required in

conjunction with the proposed development.

Section Twelve: Section Twelve discusses the

calculations and modeling performed on the

floodplain.

Section Thirteen: Section Thirteen gives a statement of

compliance to Washington City standards and gives

a conclusion of the report findings along with required

recommendations.

Appendix A: Appendix A should include all figures

mentioned in the report, rainfall data, lag time

calculations, detention volume calculations, pre and
post-development hydrographs as well as the output
files of any software modeling package. Any

additional information may be included in Appendix

A.

An example drainage report is included to illustrate the
elements required by Washington City.

2.4 PUBLIC DRAINAGE IMPROVEMENTS

If the project requires that drainage improvements be
constructed that will be owned and maintained by the City,
the following process must be followed:

1.

2.

Two sets of plans (24" x 36") submitted for initial
review.

An application to design, plan, construct, re-construct
or remodel a public improvement must be filed with
the Public Works Department.

A bond or other guarantee of payment and
performance must be executed prior to commencing
with work on the project.

Upon completion of the project, a set of reproducible
as-constructed plans must be submitted before the
bond or other guarantee is released.

After approval of the initial review set, two (2) sefs of
plans will be required by Washington City Public
Works. Additional final sets will be stamped as
approved and returned to the design engineer for
use by the contractor and owner. The information
required for the plans shall be in accordance with
sound engineering principles, this HYDROLOGY
MANUAL, and other applicable City ordinances,
regulations, criteria or design guidelines. The plans
may also be subject to review by outside agencies
such as the Federal Emergency Management
Agency, US Army Corps of Engineers, Environmental
Protection Agency or other s as required. The plans
shall be signed and sealed by a Professional Engineer
registered in the State of Utah.
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Section 1: Introduction

1.1 Background

The following drainage study report is submitted in support of the Desert Sage Subdivision, a mixed-use development
with large tract residential located in Washington City, Utah. It is a parcel of property located at approximately 800
South 100 East. This report outlines the methods and results of an evaluation of the project area watershed affected by
the proposed 23.12-acre commercial development.

This study was performed by Alliance Consulting under the direction of Deloss Hammon, P.E.

1.2 Purpose and Need

This report has been prepared to evaluate the drainage needs affecting proposed construction on the project site. The
project is a 23.12-acre mixed-use development.

The purpose of this study has been to provide for the following:

1. Determine the drainage patterns of the stormwater within the proposed site improvements, both prior to, and
following, project construction.

2. Estimate peak runoff amounts and subsequent storage capacity for stormwater detention.
3. Design hydraulic improvements as required by the Washington City Drainage Manual.
4. Determine 100-year floodplain of the two FEMA designated washes.

13 Reference Materials

Please refer to the following figures for illustrations and supplemental information:
e Figure 1 ~ Project Location Map, included with this report for project location and site information.

e Figure 2 ~ Subdivision Site Plan, included with this report for specific proposed drainage improvements.

e Figure 3~ Drainage Delineation Map, included with this report for project drainage area delineation and other
drainage information.

e Figure 4 ~ Floodplain Boundary Map, included with this report for the purpose of showing the existing
floodplain boundary and the proposed revisions to the floodplain boundary.

e Figure 5~ Soils Map, included with this report for the purpose of showing the types of soils existing onsite.
The soil types are used to calculate the curve number required to calculate rainfall runoff.

Section 2: Property Description

2.1 Existing Property Description

Desert Sage Subdivision is located in Washington City, Utah. Washington City is located in southwest Utah in a mainly
desert climate. Refer to Figure 2 ~ Subdivision Site Plan included in the appendix. The site is located at approximately
100 East 800 South.  The property is raw ground and is not fenced.

2.2 Proposed Property Improvements

The proposed improvements will include grading and hydraulic improvements on existing washes to improve drainage as
illustrated in Figure 2 ~ Subdivision Site Plan included in the appendix. The streets will have a minimum slope of 0.5%
and a cross slope of 2%. The storm drain will be installed with a minimum slope of 1.5%. The main trunkline adjacent
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to 100 East will be installed at a slope of 2%.

Section 3: Off-Site Drainage Description

Stormwater runoff originates from the east of the Desert Sage Subdivision. The watershed includes the majority of
Washington City and also a portion of the Habitat Conservation Plan (HCP) Area. The watershed is approximately
1,800-acres. The runoff is conveyed by washes from the HCP to 1-15 by washes and the flow then passes through
several culverts then continues in several washes until it reaches the Virgin River.

Section 4: On-Site Drainage Description

The mean slope on the proposed site is approximately 2.5%. On-site drainage typically drains toward the southwest.
Flows are mainly sheet flow and will be collected in a storm drain system. All the runoff flowing through the Desert
Sage Subdivision will utilize the existing washes to convey the stormwater downstream. The water will flow from
the developed portions of the Desert Sage Subdivision in the curbs, storm drain, and the streets. When the runoff
reaches 100 East it will flow south in a storm drain until it reaches the Virgin River.

Section 5: FEMA Floodplain Requirements

The Desert Sage Subdivision is located inside and next to a FEMA designated floodplain. A drainage channel will be
designed and constructed to insure no area within the Desert Sage Subdivision will be significantly affected during the
100-year flood event.

Section 6: Other Drainage Studies Affecting the Property

The Washington City Storm Drain Masterplan was consulted when determining the location of trunklines and outlets.

Section 7: Description of Proposed Drainage Facilities

The proposed project drainage improvements will include site grading, roadway improvements, and storm drain
installation. All proposed drainage improvements were designed using the 100-year, 3-hour storm event runoff values to
determine maximum road width and storm drain capacity. Refer to the appendix for output tables and worksheets. Refer
to Figure 2 ~ Subdivision Site Plan located in the appendix for locations of proposed site improvements described herein.

7.1 Grading
The proposed grading plans include the establishment of proposed building pads to be above the street/parking flow lines
in accordance with Washington City requirements.

7.2 Roadway Improvements

The land where the Desert Sage Subdivision is proposed to be located has no improvements currently. Roads will be
built to convey the 100-year, 3-hour storm event inside the right-of-way and storm drain will be designed to convey the
10-year, 3-hour storm event.

7.3 Conveyance Improvements
Currently, the trunkline required to convey the runoff down 100 East has not been constructed. The trunkline must be
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constructed to convey the runoff to the Virgin River. Minor storm drain will be installed along road right-of-ways
throughout the development to convey runoff to the trunkline.

Section 8: Compliance with Local and FEMA Requirements

The hydrologic calculations, hydraulic design, and construction recommendations summarized in this report were
performed in accordance with standard and accepted engineering practice. This project is located inside and next to a
floodplain designated by FEMA; therefore this project will be required to construct hydraulic improvements to mitigate
the FEMA floodplain. Once the improvements are made, a LOMR will be required to change the FEMA floodplain and
remove the majority of the subdivision from the floodplain.

Other calculations, design methods, and assumptions utilized in this report not specifically addressed in the Hydrology
Manual or by FEMA were based on civil engineering practices acceptable to the industry, with specific references cited
in the report.

Section 9: Design Runoff Computations

9.1 Selection of Hydrologic Model

Storm run-off (or discharge) resulting from a precipitation event is the portion of the rainfall that remains after losses
from reservoir storage, interception by vegetation, and infiltration into the soil. The amount of rainfall that is lost
depends on soil type and moisture content, vegetation type and cover density, rainfall rate and duration, and amount and
location of impervious surfaces. Several methods have been developed for estimating the run-off rate and volume froma
watershed in response to rainfall when statistical information is not available. Haestads Methods version of HEC-1 was
used to model the storm runoff.

9.2 Model Input Parameters

The input parameters selected for computing discharge were derived in accordance with procedures developed by the
City of Washington. The model uses the following input parameters to compute the peak flow values for each sub-area
evaluated, summarized in Table 1:

e Watershed area.

e  SCS Curve number, which is used to estimate loss rates and resulting storm water run-off excess, based on soil
type, land use, and vegetation type and cover density.

e SCSlagtime, which is the time required for a particle of water to flow hydraulically from the most distant point
in the watershed to the outlet or design point.

¢ Rainfall depth for a given storm duration.

e Time distribution of rainfall, which describes how the total rainfall depth is distributed over the storm duration.

TABLE 1 — HEC-1 Input Parameters
| Area (acres) | Length (ft) | Slope (%) | Lag Time(hr) | CN Value
Pre-Development 23.12 1325 3.35 0.2878 70.3
Post-Development 23.12 1325 25 0.1724 90.6

9.3 Watershed Area
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The proposed watershed boundary is shown in Figure 2 ~ Subdivision Site Plan, in the appendix. For the post-
development analysis the watershed was modeled as one drainage basin. The drainage flows from the east and west
boundaries of the project and combine at the detention basins located along the south boundary of the development. The
runoff will exit the development and flow into a natural drainage channel.

9.4 Curve Number

The existing site vegetation consists of limited desert grasses and shrubs. The pre-development weighted curve number
is equal to 70.3. The post-development curve number was calculated assuming the entire area would be developed into
an Industrial area. The post-development weighted curve number is equal to 90.6.

9.5 Lag Time
Lag time (L) is the time in hours from the center of mass of the excess rain fall to the peak discharge. Lag time was
determined using the SCS modified curve number method for drainage area less than 2,000 acres:

|°-8(1000 - 9)‘”
___ \CN

1900(S )*°
Where: L = Lag Time (hour)
| = longest length of subarea (ft)
CN = SCS Curve Number
S = average slope along longest length (%)

These values are summarized in Table 1. Refer to Table 3 in the appendix for lag time calculations.

9.6 Rainfall Depth

A total rainfall value depth of 2.28 inches was used for the 100-year, 6-hour cloudburst design storm. This value was
taken from NOAA Atlas 14 for the rain gauge located in Colorado City, Arizona. A copy of the table is included in the
appendix.

9.7 Time Distribution of Rainfall

The HEC-1 model requires the use of a historic or synthetic hydrograph to distribute the total rainfall over the specified
six-hour period. This analysis utilized the synthetic hydrograph for a modified Type Il storm distribution taken from the
Washington City Drainage Manual. For the synthetic hydrograph used in this report refer to Table 4.1 in the appendix.

9.8 Model Output

The results of the HEC-1 analysis are illustrated in Table 2. Complete HEC-1 output files are included in the appendix.
As seen from Table 2, the development of the proposed project will be increase peak runoff by 40-cfs during the
100-year, 3-hour event.

TABLE 2 - HEC-1 Results
| Pre-Development | Post-Development
Peak Flow (cfs) 10.14 50.1

Desert Sage Subdivision — Drainage Study Page 7



Section 10: Drainage Facility Design Calculations

Design calculations were performed for the roadway improvements and detention requirements, described in Section 8.

10.1 Roadway Improvements

All roadway capacities were evaluated using FlowMaster spreadsheet templates, assuming a minimum road grade of
0.5% with curb and gutter. The storm drain was evaluated using FlowMaster. The size of the required storm drain pipe
was lower than 18 inches but 18 inch storm drain will be used throughout the development due to maintenance concerns.

10.2 Detention Requirements

The basic formula for determining the volume of storage required in a detention facility is to calculate the volume of flow
into the facility minus the volume of flow released from the facility. To calculate this volume, the pre-development peak
flow is used as the maximum flow allowed to exit the detention pond. The post-development hydrograph flows have the
peak pre-development flow volume subtracted from the values. The resulting value is multiplied by the time of the
hydrograph step to determine the volume that must be detained. The total volume of detained flow is summed. The
summed value is the volume required for detention. The total required detention was calculated to be 1.38-acre-ft.

Section 11: Required Drainage Easements and Rights-of-Way

A drainage easement will be required adjacent to 100 East where the masterplanned trunkline will be installed.

Section 12: FEMA Floodway and Floodplain Calculations

A floodplain study was performed in conjunction with this drainage study. Two washes located in the Desert Sage
Subdivision have a FEMA floodplain designation. A floodplain model was made to model the actual floodplain
boundaries with respects to the flows that are present. A revised floodplain boundary, which takes into account
improvements that have been previously constructed as well as improvement that will be forthcoming, has been
completed. A map showing the existing FEMA floodplain and the revised floodplain is included in appendix A. A
LOMR will need to be prepared to reflect the change in floodplain boundary.

Section 13: Conclusions and Statement of Compliance

13.1 Statement of Compliance

This report has been prepared to meet the requirements of Washington City, Utah. Conclusions and recommendations
are made herein regarding proposed drainage improvements to be implemented during project development. It is the
opinion of the Engineer that the implementation of these recommended improvements be effective in controlling runoff
generated by development.

13.2 Conclusions
The following conclusions summarize the recommendations proposed for this development:

1. Offsite Drainage: Off-site storm water is the major contributor to the runoff volumes flowing through the Desert
Sage Subdivision. The off-site runoff will be conveyed through the development using storm drain. The storm
drain must be adequately sized to convey the off-site flow as well as the runoff produced within the
development.

2. On-Site Drainage: On-site drainage typically drains toward the southwest. The increase in runoff will be
captured in a large detention pond located at the southwest corner of development. Stormwater will flow
through one of the following drainage facilities:

e Storm Drain — storm drain will be installed along the roads within the development and a large
trunkline will be installed adjacent to 100 East.
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e  Curb and Gutter — will convey the stormwater from the parcels to the storm drain system.

3. Peak Runoff: As seen from Table 2 the development of the proposed project will increase peak runoff by 40-cfs.
The stormwater will be detained in a detention pond on the southwest corner of the project.

4. Proposed Drainage Improvements: Proposed drainage improvements include site grading, roadway
improvements, storm drain, and the construction of waterways. All proposed drainage improvements have been
designed to contain the 100-year, 3-hour storm event within the road right-of-ways and the 10-year, 3-hour
storm inside the storm drain..

5. FEMA Floodplain: This site is located inside and next to two FEMA designated floodplains that converge near
the end of the development. The washes have been modeled using HEC-RAS and the proposed revised
floodplain

Desert Sage Subdivision — Drainage Study Page 9
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TABLE 4.1 — Modified Type Il Storm
Modified Type Il Storm 3-Hour Rainfall Data for the Washington City Area

Time Percentage Storm Event
(min) of (yr)
distribution 5 10 25 100

P 100.0% 1170 | 1400 | 1730 | 2.260
0 0.0% 0.000 0.000 0.000 0.000
5 0.3% 0.004 0.004 0.006 0.007
10 0.3% 0.004 0.004 0.006 0.007
15 0.3% 0.004 0.004 0.006 0.007
20 0.3% 0.004 0.004 0.006 0.007
25 0.3% 0.004 0.004 0.006 0.007
30 0.3% 0.004 0.004 0.006 0.007
35 0.4% 0.005 0.006 0.007 0.009
40 0.4% 0.005 0.006 0.007 0.009
45 0.4% 0.005 0.006 0.007 0.009
50 0.4% 0.005 0.006 0.007 0.009
55 0.4% 0.005 0.006 0.007 0.009
60 0.4% 0.005 0.006 0.007 0.009
65 14.8% 0.173 0.207 0.256 0.334
70 23.9% 0.280 0.335 0414 0.540
75 11.1% 0.130 0.156 0.192 0.251
80 7.0% 0.082 0.099 0.122 0.159
85 7.0% 0.082 0.099 0.122 0.159
90 7.0% 0.082 0.099 0.122 0.159
95 3.4% 0.040 0.047 0.058 0.076
100 3.4% 0.040 0.047 0.058 0.076
105 3.4% 0.040 0.047 0.058 0.076
110 3.4% 0.040 0.047 0.058 0.076
115 3.4% 0.040 0.047 0.058 0.076
120 3.4% 0.040 0.047 0.058 0.076
125 0.4% 0.005 0.006 0.007 0.009
130 0.4% 0.005 0.006 0.007 0.009
135 0.4% 0.005 0.006 0.007 0.009
140 0.4% 0.005 0.006 0.007 0.009
145 0.4% 0.005 0.006 0.007 0.009
150 0.4% 0.005 0.006 0.007 0.009
155 0.3% 0.004 0.004 0.006 0.007
160 0.3% 0.004 0.004 0.006 0.007
165 0.3% 0.004 0.004 0.006 0.007
170 0.3% 0.004 0.004 0.006 0.007
175 0.3% 0.004 0.004 0.006 0.007
180 0.3% 0.004 0.004 0.006 0.007
Totals 100.0% 1.169 1.399 1.729 2.259




Lag Time Calculations

Area(mi®) | Length(ft) | CN Value | Slope (%) | Lag Time(hr)
Pre-Development 0.036 1325 70.3 3.35 0.2878
Post-Development 0.036 1325 90.6 2.5 0.1724

Detention VVolume Calculation

Time (hrs) | Discharge | Difference (Post-Prepeak) | Detained Volume (ft%)
0 0

0:15 0

0:30 0

0:45 0

1:00 0

1:15 0

1:30 0

1:45 0

2:00 0

2:15 0

2:30 0

2:45 0

3:00 0.017

3:15 0.183

3:30 0.455

3:45 3.062

4:00 12.061 2.061 1854.9
4:15 50.1 40.1 36090
4:30 32.173 22.173 19955.7
4:45 12.526 2.526 2273.4
5:00 5.852 60174
5:15 3.356

5:30 221

5:45 2.056

6:00 1.724

6:15 1.671

6:30 0.674

6:45 0.17

7:00 0.041

7:15 0.009

7:30 0




Drainage Basin Peak Flow Tabulation

Discharge-cfs (Pre-

Discharge-cfs Onsite

Time (hr) Development) (Post-Development)
1:00 0 0
1:05 1.656 1.745
1:10 23.796 12.564
1:15 39.056 29.201
1:20 34.668 34.386
1:25 30.604 30.577
1:30 30.207 27.591
1:35 24.395 24.658
1:40 18.199 19.811
1:45 16.286 15.956
1:50 15.786 14.127
1:55 15.754 13.259
2:00 15.859 12.84
2:05 10.46 11.252
2:10 4.739 7.538
2:15 2.852 4.422
2:20 2.214 2.909
2:25 2.004 2.169
2:30 1.934 1.813
2:35 1.751 1.6
2:40 1.578 1.408
2:45 1.522 1.275
2:50 1.504 121
2:55 1.499 1.185
3:00 1.498 1.174
3:05 0.915 1.02
3:10 0.303 0.634
3:15 0.101 0.308
3:20 0.032 0.149
3:25 0.01 0.071
3:30 0.002 0.034
3:35 0 0.016
3:40 0 0.007
3:45 0 0.003
3:50 0 0
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3.1 INTRODUCTION

The provision for adequate drainage in urban areas is
necessary fo preserve and promote the general health,
welfare, and economic well being of the urban community.
Drainage affects all governmental jurisdictions and all parcels
of property. This characteristic makes it necessary to formulate
a stormwater management program that balances both
public and private involvement. Overall coordination and
master planning is the function of the governmental units most
directly involved; however, drainage has to be integrated as a
total system on a regional basis. When planning drainage
facilities, certain underlying principles provide direction for the
effort. These principles are made operational through policy
statements. The implementation of the policy is in furn
facilitated by technical criteria and data. A brief discussion of
the basis for Washington City's policy is presented, which is then
followed by the actual policy statement. Each policy
statement is highlighted by capital letters.

3.2 BASIC PRINCIPLES
3.2.1 Urban Sub-System

Drainage is a sub-system of the total urban infrastructure. The
planning of drainage facilities must be a part of urban
development and redevelopment. Storm water
management facilities, such as channels and storm sewers
require land and space within the urban area. This may
cause conflicts with other land use objectives.

THE POLICY OF WASHINGTON CITY IS TO REQUIRE STORM
DRAINAGE PLANNING FOR ALL DEVELOPMENT AND
REDEVELOPMENT AND TO INCLUDE ADEQUATE SPACE
ALLOCATION FOR DRAINAGE FACILITIES.

3.2.2 Multi-Purpose Resource

Storm water runoff can be a liability to urbanization.
However, it has potential for also providing a beneficial
resource. This resource must be compatible with adjacent
land uses and Utah Water Law. Water quality as relating to
issues such as street cleaning practices, waste collection and
disposal and erosion control regulations influence
succeeding water uses. The storm drainage subsystem should
be multi-purpose to provide other uses of drainage facilities
as well as improve water quality within the urban
environment.

THE POLICY OF WASHINGTON CITY IS TO ENCOURAGE THE
MULTI-PURPOSE USE OF STORM DRAINAGE FACILITIES.

3.2.3 Water Rights

When the drainage sub-system interferes with the existing
water rights, the value and use of the water are affected.
The existing drainageways and storage location frequently
interrelate with the water rights, which must be addressed
when planning the facility to preserve their integrity. Ditches
which have direct flow rights from a stream are controlled by
headgates. Drainage improvements, which alter the

quantity (or quality) of the water available to the headgate,
affect the ability to divert water. Other ditches obtain all or
portions of the rights by intercepting the shallow
groundwater (seepage right). If the water right has not been
abandoned or transferred to another location, the drainage
design (including the subsurface system) must be designed
to protect existing water right. Similar situations can also
occur when planning drainage facilities near reservoirs.

THE POLICY OF WASHINGTON CITY IS TO RECOGNIZE THE
POSSIBLE EFFECTS OF THE DRAINAGE SYSTEM ON WATER
RIGHTS AND TO DESIGN DRAINAGE FACILITIES TO PROTECT
SUCH RIGHTS.

3.2.4 Jurisdictional Boundaries

Since drainage considerations and problems are regional in
nature, and do not respect jurisdictional boundaries, a
successful plan has to recognize that regional cooperation is
needed in accomplishing the goals.

THE POLICY OF WASHINGTON CITY IS TO PURSUE A
JURISDICTIONALLY UNIFIED APPROACH TO DRAINAGE TO
ASSURE SYSTEM INTEGRITY.

3.2.5 Major Drainageway

The definition of a major drainageway is needed for the
clarification and administration of this HYDROLOGY MANUAL.
For the purpose of this HYDROLOGY MANUAL, a Major
Drainageway shall be defined as follows:

THE POLICY OF WASHINGTON CITY IS TO DEFINE A MAJOR
DRAINAGEWAY AS ANY DRAINAGE FLOW PATH WITH A
TRIBUTARY AREA OF 130 ACRES OR MORE.

3.3 REGIONAL AND LOCAL PLANNING
3.3.1 Basin Transfer

Utah drainage law recognizes the inequity of transferring the
burden of the problems associated with storm drainage from
one location or property to another. The diversion of storm
runoff from one drainage basin to another should be
avoided. The subdivision process can significantly alter the
historic or natural drainage paths. When these alterations
allow water to drain across a new subdivision in its natural
quantity and manner, and discharges water back into the
natural drainageway in the historic quantity a manner, the
alterations are generally acceptable. When, however, the
improvements or alterations impede the natural drainage
flow across the subdivision, it violates the rule of Utah law that
a property within a natfural drainageway is subservient to the
historic drainage from upper lands. In addition, if the
subdivision outfall system does not return the drainage to the
natural drainageway, then the rule that drainage water
cannot be sent down to do more harm than formerly to
lower lands may be violated.

THE POLICY OF WASHINGTON CITY IS TO AVOID INTER-BASIN
TRANSFER OF STORM DRAINAGE RUNOFF AND TO MAINTAIN



THE HISTORIC MAJOR DRAINAGEWAY PATHS. HOWEVER,
THE TRANSFER OF DRAINAGE FROM ONE BASIN TO
ANOTHER IS AN ALTERNATIVE IN SOME INSTANCES.
PROPOSALS FOR SUCH TRANSFERS WILL BE REVIEWED
CAREFULLY BY WASHINGTON CITY ON A CASE-BY-CASE
BASIS, AND WILL BE APPROVED ONLY WHEN THERE IS NO
OTHER VIABLE ALTERNATIVE AND IT IS SHOWN THAT: (1) NO
ADDITIONAL DAMAGE POTENTIAL IS CREATED BY THE
PROPOSED TRANSFER; AND (2) NO IMPAIRMENT OF WATER
RIGHTS WILL BE CAUSED BY THE PROPOSED TRANSFER.

3.3.2 Master Planning

As set forth in the policy statement 3.2.1, drainage
planning is required for all new development plans.

THE POLICY OF WASHINGTON CITY IS TO ENCOURAGE THE
DEVELOPMENT OF DETAILED REGIONAL DRAINAGE MASTER
PLANS WHICH SET FORTH SITE REQUIREMENTS FOR NEW
DEVELOPMENT AND IDENTIFY THE REQUIRED PUBLIC
IMPROVEMENTS. WASHINGTON CITY WILL STRIVE TO
IMPLEMENT THE RECOMMENDATIONS OF ALL MASTER
PLANS.

3.3.3 Special Planning Areas

Presently, there are areas in Washington City where
significant drainage problems currently exist. Any new
development or redevelopment in these areas may
compound the existing drainage problems.

THE POLICY OF WASHINGTON CITY IS TO REQUIRE
ADDITIONAL ANALYSIS AND/OR DEFINITION OF ADDITIONAL
FACILITIES REQUIRED FOR DEVELOPMENT AND
REDEVELOPMENT IN CURRENT DRAINAGE PROBLEM AREAS
AS DEFINED BY WASHINGTON CITY.

3.3.4 Public Improvements

When the applicable Washington City stormwater master
plan identify that public improvements are required with a
proposed development, the developer shall plan, design
and install the improvements in accordance to the master
plans and in compliance with this HYDROLOGY MANUAL.
Included with the public improvements defined by
drainage master plans are the local or Initial Drainage
System and the Major Drainage System. The initial sform
system consists of streefs, curb and gutter, inlets, storm
sewers, culverts, channels, swales, and other drainage
facilities required to convey the initial storm runoff to a
major drainageway. The Major Drainageway System
consists of channels, large storm sewer frunk lines,
detention areas, and other facilities serving large areas
within a defined drainage basin.

THE POLICY OF WASHINGTON CITY IS TO REQUIRE THAT ALL
NEW DEVELOPMENT AND REDEVELOPMENT SHALL DESIGN
AND CONSTRUCT REQUIRED DRAINAGE IMPROVEMENTS AS
SET FORTH BELOW:

1. THEINITIAL DRAINAGE SYSTEM AS DEFINED BY THE
APPROVED FINAL DRAINAGE REPORT (SECTION 2.4).

2. THE MAJOR DRAINAGE SYSTEM WITHIN THE
DEVELOPMENT AS DEFINED BY MASTER DRAINAGE
PLANS.

3. WHERE NO WASHINGTON CITY OR OTHER
APPROVED MASTER PLAN EXISTS, THE
PROPONENT MAY PREPARE AND OBTAIN
APPROVAL FOR A MASTER PLAN COVERING
THE AFFECTED AREA.

3.3.5 Floodplain Management

Washington City has in effect an Ordinance (of the Revised
Municipal Code) which describes the restrictions and
requirements for development within an adopted floodplain
boundary.

Current Floodplain and Floodway mayps are available for
inspection af the Public Works Department and at other City
agencies. In essence, the Ordinance state that:

1. Constfruction within the floodway is prohibited.

2. Residential construction within the floodplains must
elevate the lowest floor (including basement) two
feet above the floodplain elevation.

3. Commercial or industrial development must elevate
the lowest floor (including basement) two feet above
the floodplain elevation.

5. Elevation certificates are required for all structures
built within floodplain boundaries as defined by FEMA
Flood Insurance Rate Maps.

THE POLICY OF WASHINGTON CITY IS TO ENCOURAGE
FLOODPLAINS BE LEFT IN°A NATURAL STATE OR DEVELOPED AS
OPEN SPACE OR RECREATIONAL USE AND TO REGULATE
FLOODPLAINS IN ACCORDANCE WITH THE ADOPTED
FLOODPLAIN ORDINANCE.

3.3.6 Storm Runoff Detention and Water Quality Enhancement

Detention is recognized by Washington City as a viable
method fo reduce urban drainage problems and the costs
of drainage facilities. Storage designed to contain sediment
and debiris can also serve to clean up storm water and
provide the additional benefit of enhanced water quality.

THE POLICY OF WASHINGTON CITY IS TO REQUIRE ON-SITE
DETENTION FOR ALL NEW DEVELOPMENT AND
REDEVELOPMENT IN ACCORDANCE WITH THE PROVISIONS OF
THIS HYDROLOGY MANUAL AND THE RULES AND
REGULATIONS CONTAINED IN CHAPTER 11 OF THE RULES AND
REGULATIONS.

EXEMPTIONS FROM THE FLOOD CONTROL DETENTION
REQUIREMENT MAY BE GRANTED AS FOLLOWS:

1. Development or redevelopment of a total area of 1/2
acre or less.

2. Development of an area immediately adjacent to a
major drainageway which is capable or conveying
the full basin one hundred year flood.

3. Development of areas within defined one hundred
year floodplains.



4. Development of areas tributary to a publicly owned
and maintained regional detention facility
designed to accommodate flows from a fully
developed basin provided that adequate
conveyance of one hundred year developed flows
from the development to the regional facility can
be obtained.

ALL EXEMPTIONS ARE SUBJECT TO APPROVAL IN THE SOLE
DISCRETION OF THE PUBLIC WORKS DEPARTMENT AND MAY
REQUIRE FURTHER ANALYSIS TO DEMONSTRATE THAT NO
ADVERSE EFFECTS TO THE OVERALL DRAINAGE SYSTEM WILL
RESULT FROM THE GRANTING OF THE EXEMPTION.

3.3.7 Operations and Maintenance

Storm drainage facilities require continuous maintenance
to ensure proper functioning. Detention facilities must be
kept free of debris and sediment. Storm sewers and
channels also require periodic debris and sediment
removal. Repair and restoration of these facilities and their
appurtenances will occasionally be needed. The
responsibility for maintenance of private drainage facilities
shall be with the owner of the land.

THE POLICY OF WASHINGTON CITY IS TO REQUIRE THAT
MAINTENANCE ACCESS BE PROVIDED TO ALL STORM
DRAINAGE FACILITIES. THE PROPERTY OWNERS SHALL BE
RESPONSIBLE FOR ALL DRAINAGE FACILITIES LOCATED ON
THEIR LAND UNLESS THE FACILITIES ARE DESIGNATED AS
PUBLIC FACILITIES AND ARE WITHIN PUBLIC EASEMENTS.

Easements required for adequate maintenance are as
follows:

1. For asingle facility the easement width shall be:
W=Bc+2H+3 where:
Bc = outside span of pipe in feet

H = depth from top of pipe to final surface
elevation

W shall be rounded to the next highest five foot
increment with a minimum width to be 20 feet.

2. For multiple pipe installation the required width shall
be calculated as a special case.

3. Open Channel/Swales
Q100 less than 20 cfs 15
Q100 less than 100 cfs 25’

Q100 greater than 100 cfs
Not suitable for flows greater than 100cfs

4. Detention Pond

As required to contain storage and freeboard and
associated facilities plus no less than two-feet for
maintenance access round the perimeter.
Drainage easements shall be shown on the
Corrected Plats and state that the City has the right

of access on the easements which shall be kept clear
of obstructions to the flow and/or obstructions to
maintenance access.

3.4 TECHNOLOGY PLANNING AND DESIGN

3.4.1 Drainage Criteria

The design criteria presented herein represents Washington
City’s minimums for stormwater management. The criteria
are infended fo establish guidelines, standards, and methods
for effective planning and design. The criteria will be revised
and updated as necessary to reflect advances in the field of
urban drainage engineering and urban water resources
management.

THE POLICY OF WASHIINGTON CITY IS TO REQUIRE THAT ALL
STORM DRAINAGE FACILITIES SHALL BE PLANNED AND
DESIGNED IN ACCORDANCE WITH THE HYDROLOGY MANUAL
SET FORTH IN THIS DOCUMENT AND IN THE RULES AND
REGULATIONS, WHICH MAY BE REVISED OR AMENDED AS NEW
TECHNOLOGY IS DEVELOPED AND/OR EXPERIENCE IS GAINED
IN THE USE OF THIS DOCUMENT.

3.4.2 Initial and Major Drainage System

Every urban area has two separate and distinct drainage
systems, whether or not they a re actually planned or
designed. One is the Initial System and the other is the Major
Drainage System, which are combined to form the Total
Drainage System. The Initial Drainage System is designed fo
fransport the runoff from initial year frequency events with a
minimum disruption to the urban environment. Initial storm
drainage can be conveyed in the curb and gutter area of
the street or roadside ditch (subject to street classification
and capacity, as defined herein), by storm sewer, channel,
or other conveyance facility.

THE POLICY OF WASHINGTON CITY IS TO REQUIRE THAT ALL
INITIAL DRAINAGE SYSTEMS BE SIZED WITHOUT ACCOUNTING
FOR PEAK FLOW REDUCTIONS FROM ONSITE DETENTION,
UNLESS OTHERWISE APPROVED BY WASHINGTON CITY.

Initial Drainage System is designed convey runoff from the 10-
year storm. Inifial storm flows must be conveyed by storm
drain and the roads and streets must not be used to convey
any runoff produced by the 10-year storm. The Major
Drainage System is designed to convey runoff from the 100-
year recurrence interval flood to minimize health and life
hazards, damage to structures, and interruption to traffic and
services. Major storm flows can be carried in the urban street
system (within acceptable depth criteria), channels, storm
sewers, and other facilities. If the Major storm event cannot
be conveyed by the roads and streets the storm drain must
be upsized to enable the streets to convey the major storm
event within the right-of-way.

THE POLICY OF WASHINGTON CITY IS TO REQUIRE THAT ALL
SUBDIVISIONS INCLUDE THE PLANNING, DESIGNING, AND
IMPLEMENTATION FOR BOTH THE INITIAL AND MAJOR
DRAINAGE SYSTEMS IN ACCORDANCE WITH THE FOLLOWING
RECURRENCE INTERVALS:

Land Use | Minimum Initial System | Maijor System

Residential 10-year 3-hour 100-year 3-hour
Commercial 10-year 3-hour 100-year 3-hour
Industrial 10-year 3-hour 100-year 3-hour



3.4.3 Storm Runoff

The MANUAL allows storm runoff to be determined by the SCS Method for basins greater than 90 acres (except as noted in
Section 6.5 of these HYDROLOGY MANUAL) and by the Rational Method for basins less than 90 acres.

THE POLICY OF WASHINGTON CITY ALLOWS STORM RUNOFF TO BE DETERMINED BY EITHER THE RATIONAL METHOD OR THE OTHER
METHODS OUTLINED IN THE HYDROLOGY MANUAL

3.4.4 Streets
Streets are an integral part of the urban drainage system and may be used for transporfing storm runoff up fo design limits. The
engineer designer should recognize that the primary purpose of streets is for traffic, and therefore the use of local and collector

streets for storm runoff must be restricted.

THE POLICY OF WASHINGTON CITY ALLOWS THE USE OF STREETS FOR DRAINAGE WITHIN THE FOLLOWING LIMITATIONS:

3.4.4.1 Allowable Use of Streets for Initial Storm Runoff
DRAINAGE
CLASSIFICATION MAXIMUM THEORETICAL STREET ENCROACHMENT
Local NO CURB OVERTOPPING. FLOW MAY SPREAD TO CROWN OF STREET.

NO CURB OVERTOPPONG. FLOW SPREAD MUST LEAVE AT LEAST ONE 10-

Collector FOOT LANE FREE OF WATER, 5-FEET EITHER SIDE OF THE STREET CROWN.
NO CURB OVERTOPPING. FLOW SPREAD MUST LEAVE AT LEAST TWO 10-
Arterial FOOT LANES FREE OF WATER, 10-FEET EACH SIDE OF THE STREET CROWN OF

MEDIAN.

The maximum allowable street flow for the initial storm runoff shall be the product of the flow calculated at
the "Maximum Theoretical Street Encroachment” and the required reduction factor as provided in Chapter
10 of this HYDROLOGY MANUAL.

3.4.42 Allowable Use of Streets for Major Storm Runoff

DRAINAGE MAXIMUM THEORETICAL STREET ENCROACHMENT
CLASSIFICATION

RESIDENTIAL DWELLINGS, PUBLIC, COMMERCIAL, AND INDUSTRIAL
Local and Collector BUILDINGS SHALL NOT BE INUNDATED AT THE GROUND LINE. THE DEPTH OF
WATER AT THE GUTTER FLOWLINE SHALL NOT EXCEED 12-INCHES

RESIDENTIAL DWELLINGS, PUBLIC, COMMERCIAL, AND INDUSTRIAL
Arterial BUILDINGS SHALL NOT BE INUNDATED AT THE GROUND LINE. TO ALLOW
FOR EMERGENCY VEHICLES, THE DEPTH OF WATER SHALL NOT EXCEED 6-
INCHES AT THE STREET CROWN, 12-INCHES AT THE GUTTER FLOWLINE, AND
MUST NOT ENCROACH ONTO PRIVATE LAND WHICHEVER IS MORE
RESTRICTIVE.

The maximum allowable street flow for major storm runoff shall be the product of the flow calculated at the
“Maximum Theoretical Depth” and the required reduction factor as provided in the HYDROLOGY MANUAL.



3.4.4.3 Allowable Cross Street Flow

DRAINAGE INITIAL DRAINAGE SYSTEM
CLASSIFICATION MAXIMUM DEPTH

MAJOR DRANAGE SYSTEM MAXIMUM DEPTH

12IN OF DEPTH AT CROSS PAN OR GUTTER FLOWLINE
Local and Collector ,imcg,?@%?@EPFTFOCJL%REOSS AND NOT ENCROACH ONTO PRIVATE LAND,
WHICHEVER IS MORE RESTRICTIVE.

Arterial CROSS PAN NOT ALLOWED CROSS PAN NOT ALLOWED

Cross street flow can occur in an urban drainage system under three conditions. One condition occurs when the
runoff in a gutter spreads across the street crown to the opposite gutter. The second is when cross pans are used. The
third condition occurs when the flow in a drainageway exceeds capacity of a road culvert and subsequently
overtops the crown of the street.

3.4.4.4 Allowable Culvert Overtopping
DRAINAGE INITIAL DRAINAGE
CLASSIFICATION MAXIMUM DEPTH MAJOR DRANAGE MAXIMUM DEPTH

12-IN OF DEPTH AT CROSS PAN OR GUTTER FLOWLINE
Local and Collector NONE AND NOT ENCROACH ONTO PRIVATE LAND, WHICHEVER
IS MORE RESTRICTIVE.

NONE. MINIMUM CLEARANCE BETWEEN THE LOW
CHORD OR CULVERT CROWN AND THE ENERGY GRADE
Arterial NONE LINE SHALL BE 6-INCHES FOR BASINS LESS THAN 2 SQUARE
MILES, 1-FOOT FOR BASINS UP TO 10 SQUARE MILES, AND
2-FEET FOR BASINS GREATER THAN 10 SQUARE MILES.

The maximum headwater for the 100-year design flows shall be 1.5 times the culvert diameter or 1.5 fimes the rise
dimension for pipe shapes other than round (Local and Collector streets only).

3.4.5 Floodproofing

Floodproofing can be defined as those measures which
reduce the potential for flood damages to existing
properties within a floodplain. The floodproofing measures
can range from elevating structures to intentional flooding
of non-critical building spaces to minimize structural
damages. Floodproofing measures are only a small part of
good floodplain management which encourages wise
floodplain development to minimize the adverse effects of
floods. The policy for existing structures is as follows:

THE POLICY OF WASHINGTON CITY IS TO ENCOURAGE THE
FLOODPROOFING OF EXISTING STRUCTURES NOT IN
CONFORMANCE WITH THE ADOPTED FLOODPLAIN
REGULATIONS.



3.5 IRRIGATION FACILITIES
3.5.1 Drainageway Interaction

There are many irrigation ditches in the City area. The
ditches and reservoirs have historically intercepted the
storm runoff from the rural and agricultural type basins,
generally without major problems. With urbanization of the
basins, however, the storm runoff has increased in rate,
quantity and frequency, as well as changes in water
quality. The irrigation facilities can no longer be utilized
indiscriminately as drainage facilities between urbanization
and the irrigation facilities. In evaluating the interaction of
irrigation ditches with a major drainageway for the
purpose of basin delineation, the ditch should not be
utilized as a basin boundary due to the limiting flow
capacity of the ditch. The ditches will generally be flowing
full or near full during major storms and, therefore, the
fributary basin runoff would flow across the ditch.

THE POLICY OF WASHINGTON CITY IS TO REQUIRE
DRAINAGE ANALYSIS TO ASSUME THAT AN IRRIGATION
DITCH DOES NOT INTERCEPT THE STORM RUNOFF FROM THE
UPPER BASIN AND THAT THE UPPER BASIN IS TRIBUTARY TO
THE BASIN AREA DOWNSTREAM OF THE DITCH.

3.5.2 Irrigation Ditches

Irigation ditches are designed with flat slopes and limited
carrying capacity, which decreases in the downstream
direction. As a general rule, irrigation difches cannot be
used as an outfall point for the storm drainage system
because of these physical limitations. In addition, certain
ditches are abandoned after urbanization and, therefore,
could not be successfully utilized for storm drainage. In
certain instances, however, irrigation ditches have been
successfully utilized as outfall points for the initial drainage
system, but only after a thorough hydrological and
hydraulic analysis. Since the owner’s liability from ditch
failure increases with the acceptance of storm runoff, the
responsibility must be clearly defined before a combined
system is approved.

THE POLICY OF WASHINGTON CITY SHALL BE AS FOLLOWS:

TO REQUIRE DEVELOPMENT TO DIRECT THE STORM RUNOFF
INTO HISTORIC AND NATURAL DRAINAGEWAYS AND AVOID
DISCHARGING INTO THE CANAL OR DITCH EXCEPT AS
REQUIRED BY WATER RIGHTS.

WHENEVER NEW DEVELOPMENT WILL ALTER PATTERNS OF
THE STORM DRAINAGE INTO POINTS OF CONCENTRATION,
THE WRITTEN CONSENT FROM THE DITCH COMPANY SHALL
BE SUBMITTED WITH THE DEVELOPMENT APPLICATION. THE
DISCHARGE OF RUNOFF INTO THE IRRIGATION DITCH SHALL
BE APPROVED ONLY IF SUCH DISCHARGE IS CONSISTENT
WITH AN ADOPTED MASTER DRAINAGE PLAN AND IN THE
BEST INTERESTS OF THE CITY.

WHENEVER IRRIGATION DITCHES CROSS MAJOR
DRAINAGEWAYS WITHIN THE DEVELOPING AREA, THE
DEVELOPER SHALL BE REQUIRED TO DESIGN AND
CONSTRUCT THE APPROPRIATE STRUCTURES TO SEPARATE
STORM RUNOFF FORM DITCH FLOWS SUBJECT TO THE
CONDITION NOTED IN ITEM NO. 2 ABOVE.



4.1 INTRODUCTION

The regulation of floodplains is necessary to preserve and
promote the general health, welfare, and economic well
being of the region. The general purposes of floodplain
regulations are summarized as follows:

1. Toreduce the hazard of floods to life and property;

2. To protect and preserve hydraulic characteristics of
water courses used for conveyance of flood waters;
and

3. To protect the public from the extraordinary financial
expenditures for flood control and relief.

It is the designer’s responsibility to ufilize the most current
adopted floodplain maps and to ensure compliance with
the current City Ordinances and Federal regulations.



5.1 INTRODUCTION

Presented in this section are the design rainfall data to be used with the SCS method and the Rational Method. All hydrological
analysis within the jurisdiction of the HYDROLOGY MANUAL shall utilize the rainfall data presented herein for calculating storm

runoff.

5.2 CITY OF WASHINGTON RAINFALL

Given a long history of maximum rainfall intensities for varying durations, a reasonable statistical interpretation can be made of the
data to determine estimates of rainfall intensities or depths as a function of storm duration and return period. Design storms for
Washington City are based on Depth-Duration-Frequency (DDF) values obtained from Table 5.1. Values shown in Table 5.1 are

taken from NOAA Atlas 2.

5.3 WASHINGTON CITY RAINFALL DATA

Table 5.1 Depth and Intensity-Duration-Frequency Data for Washington City
5-year 10-year 25-year 100-year
Duration in in/hr in in/hr In in/hr in in/hr

5-min .31 3.72 .37 4.43 .46 5.52 .61 7.32
10-min .48 2.88 .58 3.48 .72 4.32 .95 5.70
15-min .61 2.44 74 2.96 .91 3.64 1.20 4.80
30-min .85 1.70 1.02 2.04 1.26 2.52 1.67 3.34
1-hr 1.07 1.07 1.29 1.29 1.60 1.60 2.11 211
2-hr 1.12 0.54 1.35 0.65 1.67 0.80 2.19 1.06
3-hr 1.17 0.39 1.40 0.47 1.73 0.58 2.26 0.75
6-hr 1.29 0.22 1.54 0.26 1.89 0.32 2.45 0.41
12-hr 1.40 0.12 1.66 0.14 2.03 0.17 2.62 0.22
24-hr 1.51 0.06 1.79 0.07 2.18 0.09 2.79 0.12
48-hr 1.60 0.03 1.93 0.04 2.37 0.05 2.96 0.06
72-hr 1.68 0.02 2.02 0.03 2.46 0.04 3.08 0.05




5.4 AREAL REDUCTION FACTORS (ARF)

Point precipitation gage values are only representative of small  ARF equations are listed below and illustrated in Table 5.2:
areas. The distance for significant correlation between point
gage measurements is characteristically less than a few miles 5-min: .01*(100-18.5*Area/ .46)
for short-duration precipitation (less than one hour) and 10-min: .01*(100-14.2*Area/ .44)
perhaps as high as a hundred miles for long-duration 15-min: .01*(100-12.0*AreaA.46)
precipitation. Relationships for correcting point gage intensity 30-min: .01*(100-9.2*Arean.46)
or amount to mean areal intensity or amount have been 1-hr: .01*(100-7.0*Area/.46)
developed from analyses of storm precipitation from closely 2-hr: .01*(100-5.3*Arean.46)
spaced gage networks in lllinois, Northeast U.S., Arizona, New 3-hr: .01*(100-4.5*Arean.46)
Mexico and Southern California. 6-hr: .01*(100-3.5*Arean.46)
12-hr: .01*(100-2.6*Arean.46)
The U.S. Army Corps of Engineers made a special study of 1-day: .01*(100-2.0*Area/.46)
thunderstorms in the Salt Lake County area in 1970-1975. Their 2-day: .01*(100-1.5*Arean.46)
ARF's are similar to those determined for thunderstorms in 3-day: .01*(100-1.3*AreaN.46)

Southern California and Arizona. For precipitation durations
over three hours, the NOAA Atlas values are used. The Utah
State Climatologist provided ARF's for 1-hour probable
maximum precipitation thunderstorms. Average factors from
these sources are shown in Table 5.2.

Table 5.2 Areal Reduction Factors

Duration Area (square miles)
(min) 0.5 1 2 3 4 5 6 7 8 9 10 20

51087 | 082|075 0.69 | 0.65 | 0.61 | 0.58 | 0.55 | 0.52 | 0.49 | 0.47 | 0.27

10 1090086 |080|0.76 | 0.73 | 0.70 | 0.68 | 0.65 | 0.63 | 0.61 | 0.59 | 0.44
1510911088 | 083|080 ]|0.77 | 075]0.73 071 | 0.69 | 0.67 | 0.65 | 0.52
3010931091 1087 ]085]|083]0.81|0.79 077 |0.76 | 0.75 | 0.73 | 0.64
60 | 0.95 1093 | 0.90 | 0.88 | 0.87 | 0.85 | 0.84 | 0.83 | 0.82 | 0.81 | 0.80 | 0.72
120 | 0.96 | 0.95 |1 0.93 | 0.91 | 0.90 | 0.89 | 0.88 | 0.87 | 0.86 | 0.85 | 0.85 | 0.79
180 | 0.97 | 0.96 | 0.94 | 0.93 | 0.91 | 0.91 | 0.90 | 0.98 | 0.88 | 0.88 | 0.87 | 0.82
360 | 097 [ 097 1 0951094 (093093092091 ]091 090109 | 0.86
720 1 0.98 | 0.97 | 0.96 | 0.96 | 0.95 | 0.95 | 0.94 | 0.94 | 0.93 | 0.93 | 0.93 | 0.90
1440 | 0.99 | 0.98 | 0.97 | 0.97 | 0.96 | 0.96 | 0.95 | 0.95 | 0.95 | 0.95 | 0.94 | 0.92
2880 | 0.99 | 0.99 | 0.98 | 0.98 | 0.97 | 0.97 | 0.97 | 0.96 | 0.96 | 0.96 | 0.96 | 0.94
4320 | 0.99 | 0.99 | 0.98 | 0.98 | 0.98 | 0.97 | 0.97 | 0.97 | 0.97 | 0.96 | 0.96 | 0.95




6.1 INTRODUCTION

This chapter presents the criteria and methodology for
determining the storm runoff design peaks and volumes fo be
used in the City in the preparation of storm drainage studies,
plans, and facility design. The specific input data requirements
and modifications to the procedures are presented in this
chapter. The post-developed runoff must be calculated but a
value of 0.20 cfs per acre may be used for pre-developed
runoff. The Public Works Department reserves the right to
determine if a detailed calculation of the pre-developed runoff
is required.

6.2 TIME OF CONCENTRATION

The time of concentration of a sub-basin or drainage area may
be calculated by a variety of different methods depending on
the available information and the purpose of the runoff
analysis. These include empirical formulas and travel fime
component methods. The travel time component method
(overland flow path, gutter or street flow path, pipe, ditch or
natfural stream flow path) has been shown in many studies to
be the most accurate. Since there is some type of drainage
system requirement for future land use throughout the city
limits, the travel fime component method can always be
defined and is the only opftion allowed for computing time of
concentration in Washington City. The flow path is defined as
the most likely flow path between the most upstream part of
the sub-basin or drainage area and the downstream point of
interest.

To determine the composite lag time, the various components
of overland flow, gutter flow, pipe flow, and channel flow are
summed to determine a total time of concentration. Lag time
for small urbanized sub-basins or drainage areas has been
determined by hydrologic studies to be approximately equal to
the total time of travel. Inlarge basins (over 500 acres) lag time
is 70 to 80 percent of the sum of the travel time components.

Lagtime=To+Tg+ Tp + Tc (Egn. 601)
where:

To = Overland flow fime

Tg = Gutter flow travel fime

To = Pipe flow travel time

Te = Channel flow travel time

The following sections describe the equations used to calculate
the overland flow time of concentrafion and the velocities in
the various conveyance elements. The travel fimes in the
conveyance elements are obtained by dividing the length of
the element by the velocity of flow as described in the
following sections.

6.2.1 Overland Flow

Popular methods for defermining overland flow velocity
include the SCS velocity nomograph/equation and the
kinematic wave equation. The SCS method has been
criticized for being inconsistent. A recently developed
kinematic wave equation based on all available overland
flow data, including SCS, COE and FAA is:

To = (0.66*L0-50%n0.52) / (S0-31%{0-38) (Ean. 602)
where:
To = overland flow time of concentration, in minutes
L =overland flow length, in feet (maximum 600 feet)
n  =roughness coefficient for overland flow, (Table 6.1)
S =average slope of flow path, in feet per foot
i

= intensity of precipitafion, in inches per hour, (Table
5.1)

Table 6.1 Parameters for Overland Flow (Flow Depths less than 2 inches)

Manning's “n" for Maximum Overland Flow
Surface Overland Flow Distance (ft)
Pavement-smooth 0.02 50-200
Pavement-rough/cracked 0.05 50-200
Bare soil-newly graded areas 0.10 100-300
Range-heavily grazed 0.15 100-300
Turf-1-2"/lawns/golf courses 0.20 100-300
Turf-2-4" parks/medians/pasture 0.30 200-500
Turf-4-6"/natural grassland 0.40 200-500
Residential Landscaping .30-.60 100-300
Desert Shrub: <30% ground cover 0.50 300-600
Desert Shrub: 30-70% ground cover 0.60 300-600




6.2.2 Gutter Flow

Manning's equation as modified for a friangular street cross
section is used fo determine flow velocity and travel times for
street gutter flow. The following are assumptions of the flow
condition: the cross slope of the street is 0.02 ft/ft, the flow in
the gutter is six inches deep and contained by the curb, the
street surface is smooth asphalt or concrete. The average
distance from the overland flow surface to the nearest inlet is
divided by flow velocity to obtain street gutter flow time
(minutes).
Vg = (1.12/n)*S,0-67%50.50%T0.67 (Egn. 603)

where:

Vg = velocity of flow in the gutter (fps)

Sx = street cross slope, design value = 0.02 ft/ft

S =street longitudinal slope, in feet per foot

T  =spread of flow in gutter, design value = 25 ft

d =depth of flow in gutter, design value = 0.5 ft

n  =Manning's n for pavement, design value = 0.02

6.2.3 Pipe Flow

Manning's Equation is also used to determine travel time for
flow through pipes. The designer may assume full pipe flow
in order to calculate travel fime, velocity, flow and diameter
relationships.

Vp = (1.49/n)*R0.67%50.50 (Ean. 604)

Vp = velocity in pipe, in feet per second

R = hydraulic radius, D/4 for full pipe flow, in feet
D = diameter of pipe, in feet

S =slope, in ft/ft

n  =Manning's n, design value =0.015

The pipe flow equation used for pipe design requires an
iterafive approach with an initial estimate of peak flow or
pipe diameter followed by successive updated estimates of
peak flow from the peak flow hydrograph. The pipe
diameter or initial peak flow must be estimated.

6.2.4 Rectangular Channel Flow

A modified Manning's equation for open channel flow is
used to derive fravel time, velocity, flow and width
relationships for rectangular concrete channels. The
following assumptions were made to modify Manning's
equation for rectangular channel flow velocity: the
Manning's n value is 0.016 and the ratio of width to depth is
2:1. The designer will have to input a channel width so that
flow and velocity can be calculated; or the flow can be
given and a boftom width and velocity calculated.

Ve = 37.0%w0.6674305 (Egn. 605)

where: V. = velocily in a rectangular concrete channel, in

feet per second
w  =width, in feet
S =slope, in feet per foot

Given the channel width and slope, the equation for flow, in
cubic feet per second, is:
Q = 18.5%*w267*505 (Ean. 604)

If design flow is know or estimated, the channel width can be

calculated by:

w = 0.33*Q038*§-0.19 (Ean. 607)
The flow equation used for design of a rectangular concrete
ditch requires an iterative approach with an initial estimate

of channel width or peak flow, followed by successive
updates of peak flow from the hydrograph analysis.

6.2.5 Trapezoidal Grass-Lined Channel Flow

A modified Manning's equation is used for open channel flow
to derive travel time, velocity, flow and boftom width
relationships  for frapezoidal grass-lined channels.  The
following assumptions were made in the derivation of the
modified equation: channel side slopes are 31
(horizontal:vertical); the channel boftom width equals the
depth; the top width is seven times the bottom width; and
design n for grass-lined ditch = 0.16*(V*R)A-%8 (4, p. 182, B
curve). Use of these equations requires an initial estimate of
n and bottom width or flow with successive updates of n and
flow from the hydrograph analysis.

n =0.16*(V*R)058 (Ean. 608)
where:

\% = velocity, in feet per second

R = hydraulic radius, feet

Ve = (.995/n)*p0-67505 where:

Ve = velocity, in feet per second

b = bottom width, in feet

Given the channel bottom width and slope, the equation for
flow, in cubic feet per second is:

Q = (3.98/n)*pb267*50.5 (Egn. 609)
if design flow (Q) is known or estimated
Ve = Q/(4b2?) (Ean. 610)

b = 0.59*Q0.38*0.38%5-0.19



6.2.6 Natural Channel Flow

In the sub-basin or drainage area travel fime component
method, natural channels are approximated as
frapezoidal channels. A composite Manning's n for the
expected flow depth should be used. Note that the
average slope for a natural stream should exclude the
influence of short drops or rapid flow sections. Affer an
initial hydrograph analysis, updates of Manning's n may be
required.

6.3 SCS CURVE NUMBER METHOD

The SCS Curve Number Method may be used for drainage
areas less than 160 acres as well as areas greater than 160
acres. The National Conservation Service (NRCS), U.S.
Department of Agriculture, has instituted a soil classification
system for use on soil survey maps across the country. Based
o experimentation and experience, the agency has been
able fo relate the drainage characteristics of soil groups to a
curve number, CN (SCS, 1985). The SCS provides information
on relating soil group type to the curve number as a function
of soil cover, land use type and antecedent moisture
condition.

Precipitation loss is calculated based on supplied values of
CN and IA. CN and IA are related to a total runoff depth for
a storm by the following relationships:
Q = (P-la)2/((P- la)+S) (Egn. 611)
S= (1,000/CN)-10 (Egn. 612)
Where Q = Accumulated Excess (in)
P = Accumulated Rainfall Depth (in)

la = Initial Surface Moisture Storage Capacity (in)

S= Currently Available Soil Moisture Storage
Deficit (in)

For the Washington City areaq, lq is calculated by using the
following equation:

la= 0.2 (Egn. 613)
This relationship is based on empirical evidence established

by the NRCS, and is the default value in HEC-1 Program (HEC,
1988).

Since the SCS method gives total excess for a storm, the
incremental excess (the difference between rainfall and
precipitation loss) for a time period is computed as the
difference between the accumulated excess at the end of the
current period and the accumulated excess at the end of the
previous period.

6.3.1 CN Determination

The SCS Curve Number Method uses a soil cover complex
number (CN) for computing excess precipitation. The curve
number CN is related fo hydrologic soil group (A, B, C, or D),
land use, treatment class (cover), and antfecedent moisture
condition. The soil group is determined from published soil
maps for the area. These maps are usually published by the
SCS. Land use and treatment class are usually determined
during field visits or from aerial photographs. The procedures
for determining land use and freatment class are found in
Chapter 8 of National Engineering Handbook, Section 4 (SCS,
1985). The antecedent moisture condition of the watershed
is explained as follows:

The amount of rainfall in a period of 5 to 30 days preceding a
particular storm is referred to as antecedent rainfall, and the
resulting condition of the watershed in regard to potential
runoff is referred to as an antecedent moisture condition. In
general, the heavier the antecedent rainfall, the greater the
direct runoff that occurs from a given storm. The effects of
infiltration and evapotranspiration during the antecedent
period are also important, as they may increase or lessen the
effect of antecedent rainfall. Because of the difficulties of
determining antecedent storm conditions from data
normally available, the conditions are reduced to three
cases, AMC-l, AMC-Il and AMCHIII.

For the Washington County area, an AMC-Il condition shall
be used for determining storm runoff.

Having determined the soil group, land use and treatment
class and the antecedent moisture condition, CN values can
be determined from Table 6.3. This table is reproduced from
Table 2-2in TR-55 (SCS, 1986).

There will be areas to which the values in Table 6.3 do not

apply. The percentage of impervious area for the various

types of residential areas or the land use condition for the

pervious portions may vary from the conditions assumed in
Table 6.3.

There are a number of methods available for computing the
percentage of impervious area in a watershed. Some
methods include using U. S. Geological Survey topographic
maps, land use maps, aerial photographs, and field
reconnaissance. Care must be exercised when using
methods based on such parameters as population density,
street density, and age of the development as a means of
determining the percentage of impervious area. The
available data on runoff from urban areas are not yet
sufficient to validate widespread use of these methods.
Therefore, the CN to be used in the Washington City area
shall be based on Table 6.3 in this HYDROLOGY MANUAL.

The most common cover type for undeveloped areas in
Washington City is “semiarid rangelands, desert shrub - poor
condition.”



6.4 SCS UNIT HYDROGRAPH METHOD

The SCS Unit Hydrograph method was developed for the SCS
by Mr. Victor Mockus. The SCS Unit Hydrograph was derived
from a large number of natural unit hydrographs from
watersheds varying widely in size and geographic location.
The SCS Unit Hydrograph has been in use for many years and
has produced safisfactory results for many applications.

6.4.1 Methodology

The SCS Unit Hydrograph method uses the unit hydrograph
theory as a basis for runoff computations. The unit
hydrograph theory computes rainfall excess hydrographs
for a unit amount of rainfall excess applied uniformly over
a subbasin for a given unit of fime (or unit duration). The
rainfall excess hydrographs are then transformed to a
subbasin hydrograph by superimposing each excess
hydrograph lagged by the unit duration. The shape of the
SCS Unit Hydrograph is based on studies of various natural
unit hydrographs. The basic governing parameters of this
curvilinear hydrograph are as follows:

1. The fime-to-peak, Tp, of the unit hydrograph
approximately equals 0.2 times the time-of-base, Tb.

2. The point of inflection of the falling leg of the unit
hydrograph approximately equals 1.7 times Tp.

For ease of calculation, an equivalent triangular unit
hydrograph was derived from the natural curvilinear unit
hydrograph. From the friangular unit hydrograph,
equations for the peak discharge, Qp, fime-to-peak, Tp,
and the fime of concentration, tc were developed based
on a single lag factor (TLAG). The discharge hydrograph is
then determined for the SCS Unit Hydrograph method
based on the storm excess precipitation applied to the
unit hydrograph whose parameters are determined by
TLAG. TLAG is defined and discussed in Section 6.4.3.

6.4.2 Assumptions

The basic assumptions made when applying the SCS Unit
Hydrograph method (and all other unit hydrograph
methods) are as follows:

1. The effects of all physical characteristics of a given
drainage basin are reflected in the shape of the storm
runoff hydrograph for that basin.

2. At agiven point on a stream, discharge ordinates of
different unit graphs of the same unit time of rainfall
excess are mutually proportional to respective
volumes.

3. A hydrograph of storm discharge that would result
from a series of bursts of excess rain or from
continuous excess rain of variable intensity may be
constructed from a series of overlapping unit graphs
each resulting from a single increment of excess rain
of unit duration.

6.4.3 Lag Time

Input data for the SCS Dimensionless Unit Hydrograph
method (SCS, 1985) consists of a single parameter, TLAG,
which is equal to the lag (in hours) between the center of
mass of rainfall excess and the peak of the unit hydrograph.
For small drainage basins (less than 1 sg mi) in the
Washington City area, the lag time may be related to the
time of concentration, tc, by the following empirical
relationship:

TLAG = 0.6 tc
The tc is computed as presented in Section 6.2.

For larger drainage basins (greater than 1 sg mi), the lag time
(and t¢) is generally governed mostly by the concentrated
flow travel time, not the initial overland flow fime. In addition,
as the basin gets increasingly larger, the average flow
velocity (and associated fravel time) becomes more difficult
to estimate. Therefore, for these basins, the following lag
equation is recommended for use in computing TLAG:

|°-8(1000 B gj‘”

TAG =N
1900(S)”
where (= Longest Length of the Subarea (ft)

L= Length of Longest Watercourse (mi)

CN = SCS Curve Number

S= Average Slope Along Longest Length (%)
In order to obtain comparable results between the fc
calculation and the TLAG calculation, it is recommended

that either method be used as a check of the other method
for drainage areas around one square mile in size.



6.4.4 Unit Storm Duration

The minimum unit duration, -t, is dependent on the time of

concenfration of a given basin. If the basin is large (i.e., > 1
sg mi), a larger unit duration may be used. If the basin is

small (i.e., < 1 sg mi) a smaller unit duration should be used.

The unit duration, - t, should be < 0.29 TLAG, where TLAG is
the lag time. For the Washington City area the maximum

unit storm duration should be 5 minutes unless conditions

warrant otherwise.

6.4.5 Subbasin Sizing

The determination of the peak rate of runoff at a given
design point is affected by the discretization of subbasins
in the subject basin. Typically, the more discrete the
analysis of a given basin (more subbasins), the larger the
peak flow rate as compared to analysis of the basin with
no subbasins. Therefore, in order to obtain more consistent
results between different designers as well as between
different runoff models (i.e., Rational Formula method, SCS
TR-55 methods), the following guidelines are
recommended for basin discretization:

1. For drainage basins up to 100-acres in size, the
maximum subbasin size should be approximately 20-
acres.

2. For drainage basins over 100-acres in size, increasingly

larger subbasins may be used as long as the land use
and surface characteristics within each subbasin are
homogeneous. In addition, the subbasin sizing should
be consistent with the level of detail needed to
determine peak flow rates at various design points
within a given basin.

6.5 SCS TR-55 METHOD

The SCS TR-55 method was first developed and documented
in January, 1975. Its purpose was to provide a simplified
procedure for estimating runoff and peak discharges on
small urban and urbanizing watersheds. The method was
derived from typical hydrographs prepared by procedures
outlined in Chapter 16 of the SCS’s National Engineering
Handbook 4 (SCS, 1985). The computations were made
using the computerized SCS Hydrologic model TR-20 (SCS,
1983). The method is similar to the SCS Unit Hydrograph
method discussed herein in that an SCS CN is used to
determine rainfall excess and the unit hydrograph theory is
used to develop a runoff hydrograph. The method differs,
however, from the SCS Unit Hydrograph method as follows:

1. Synthetic, 24-hour, regional design rainfall distributions
are used.

2. Two peak runoff determination methods are available.
The Graphical Peak Discharge method estimates only
the runoff peak. The Tabular Hydrograph method
produces a runoff hydrograph.

3. The Tabular Hydrograph method uses prerouted
hydrographs from the specified sub-basins to produce
the estimated runoff hydrograph.

If a runoff hydrograph is required, then the Tabular

Hydrograph method must be used. If a more detailed and
accurate analysis is required, then the HEC-1 computer
program should be used. The reader is referred to the TR-55
document for a more detailed explanation of the subject
method. Additional computation forms and worksheets are
also provided in the TR-55 documentation.

Calculations must be performed in accordance with the TR-55
documentation and all table, worksheets, calculations, etc.
must be included with the submission of the drainage report.



6.6 RATIONAL METHOD

For drainage basins that are not complex and have small
drainage areas, the design storm runoff may be analyzed
using the Rational Formula method. This method was
infroduced in 1889 and is sfill being used in many engineering
offices in the United States. Even though this method has
frequently come under academic criticism for its simplicity,
no other practical drainage design method has evolved to a
level of general acceptance by the practicing engineer. The
Rational Formula method, when properly understood and
applied, can produce satisfactory results for determining
peak discharge.

6.6.1 Methodology
The Modified Rational Formula is based on the formula:
Q=CIA

Q is defined as the maximum rate of runoff on cubic feet
per second (cfs). Cis arunoff coefficient and represents
the runoff producing conditions of the subject land area. |
is the average intensity of rainfall in inches per hour for a
duration equal to the time of concentration. Ais the
confributing basin area in acres.

6.6.2 Assumptions

The basic assumptions made when applying the Rational
Formula method are as follows:

1. The computed maximum rate of runoff to the
design point is a function of the average rainfall
rate during the time of concentration to that point.

2. The maximum rate of rainfall occurs during the time
of concentration, and the design rainfall depth
during the time of concenftration is converted to
the average rainfall intensity for the time of
concenfration.

3. The maximum runoff rate occurs when the entire
area is contributing flow. However, this assumption
has been modified from time to time when local
rainfall/runoff data was used to improve calculated
results.

6.6.3 Limitations on Methodology

The Rational Formula method adequately approximates
the peak rate of runoff from a rainstorm in a given basin.
The critics of the method usually are unsatisfied with the
fact that the answers are only approximations. A
shortcoming of the Rational Formula method is that only
one point on the runoff hydrograph is computed (the peak
runoff rate).

A disadvantage of the Rational Formula method is that
with typical design procedures one normally assumes that
all of the design flow is collected at the design point and
that there is no "carry over water' running overland to the
next design point. However, this is not the fault of the
Rational Formula method, but of the design procedure.
The problem becomes one of routing the surface and
subsurface hydrographs which have been separated by

the storm sewer system. In general, this sophistication is not
warranted and a conservative assumption is made that the
entire routing occurs through the storm sewer system when
the system is present.

6.6.4 Rainfall Intensity

The rainfall intensity, |, is the average rainfall rate in inches per
hour for the period of maximum rainfall of a given frequency
having a duration equal fo the time of concentration.

After the design storm frequency has been selected, a graph
should be made showing rainfall intensity versus time.

6.6.5 Runoff Coefficient

The runoff coefficient, C, represents the integrated effects of
infiltration, evaporation, retention, flow routing, and
interception, all which effect the time distribution and peak
rate of runoff. Determination of the coefficient requires
judgment and understanding on the part of the engineer.
Table 6.2 presents the recommended values of C for the
various recurrence frequency storms. The values are
presented for different surface characteristics as well as for
different aggregate land uses.

A composite runoff coefficient is computed on the basis of
the percentage of different types of surface in the drainage
area. This procedure is often applied to typical "sample”
blocks as a guide to selection of reasonable values of the
coefficient for an entire area. Where land use features are
known, a composite C analysis will result in more accurate
results. The runoff coefficients in Table 6.2 vary with
recurrence frequency and therefore, further adjustments of
the C factor are not needed.



6.6.7 Application of the Rational Formula Method

The first step in applying the Modified Rational Formula method is to obtain a topographic map and define the boundaries of all
the relevant drainage basins. Basins to be defined include all basins fributary to the area of study and subbasins in the study
area. A field check and possibly field surveys should be made for each basin. At this stage of planning, the possibility for the
diversion of transbasin waters should be identified.

The major storm drainage basin does not always coincide with the minor storm drainage basin. This is often the case in urban
areas where a low flow will stay next to a curb and follow the lowest grade, but when a large flow occurs the water will be deep
enough so that part of the water will overflow street crowns and flow into a new subbasin.

6.6.8 Major Storm Analysis

When analyzing the major runoff occurring on an area that has a storm sewer system sized for the minor storm, care must be
used when applying the Modified Rational Formula method. Normal application of the Modified Rational Formula method
assumes that all of the runoff is collected by the storm sewer. For the minor storm design, the time of concentration is dependent
upon the flow time in the sewer. However, during the major storm runoff, the sewers will probably be at capacity and could not
carry the additional water flowing to the inlets. This additional water then flows overland past the inlets, generally at a lower
velocity than the flow in the storm sewers.

If a separate time of concentration analysis is made for the pipe flow and surface flow, a time lag between the surface flow
peak and the pipe flow peak will occur. This lag, in effect, will allow the pipe to carry a larger portion of the major storm runoff
than would be predicted using the minor storm time of concentration. The basis for this increased benefit is that the excess water
from one inlet will flow to the next inlet downhill, using the overland route. If that inlet is also at capacity, the water will often
continue on until capacity is available in the storm sewer. The analysis of this aspect of the interaction between the storm sewer
system and the major storm runoff is complex. The simplified approach of using the minor storm time of concenfration for all
frequency analysis is acceptable for the Washington City area.

Table 6.2 Rational Formula Runoff Coefficients

Land Use/Cover Soil Type
A B C D
Commercial/Highways/Parking 0.95 0.95 0.95 0.95
Apartments/Offices 0.75 0.80 0.85 0.90
Industry/Institutional 0.90 0.90 0.90 0.90
HD Residential: >9 units/acre 0.70 0.75 0.80 0.85
MD Residential: >6-% units/acre 0.60 0.65 0.70 0.75
MD Residential: >4-6 units/acre 0.50 0.55 0.60 0.65
LD Residential: >3-4 units/acre 0.35 0.40 0.45 0.50
LD Residential: >2-3 units/acre 0.25 0.30 0.35 0.40
LD Residential: >1-2 units/acre 0.15 0.20 0.25 0.30
VLD Residential: >.5-1 units/acre 0.10 0.15 0.20 0.25
VLD Residential: >.2-.5 units/acre 0.08 0.12 0.17 0.22
VLD Residential: >.1-.2 units/acre 0.05 0.10 0.15 0.20
Urban Lawns/Parks 0.01 0.02 0.10 0.20
Urban Landscaping/Gardens 0.00 0.01 0.05 0.10
Bare/Newly Graded 0.02 0.10 0.30 0.50
Irigated Pasture/Agriculture 0.02 0.05 0.15 0.25
Wetlands 0.99 0.99 0.99 0.99
Desert Shrub: <30% Cover 0.01 0.10 0.15 0.20
Desert Shrub: 30-70% Cover 0.01 0.05 0.10 0.15
Desert Shrub: >70% Cover 0.01 0.02 0.05 0.10




6.7 STORM FLOW ANALYSIS

When determining the design storm flows, the engineer shall
follow particular criteria and guidelines to assure that
minimum design standards and uniformity of drainage
solutions are maintained throughout the City. The
information presented herein shall be used by the design
engineer in the development of design storm runoff.

6.7.1 Onsite Flow Analysis

When analyzing the flood peaks and volumes, the design
engineer shall use the proposed fully developed land use
plan to determine runoff coefficients. In addition, the
engineer shall take into consideration the changes in flow
patterns (from the undeveloped site conditions) caused by
the proposed street alignments. When evaluation surface
flow times, the proposed lot grading shall be used to
calculate the time of concentration or the SCS
parameters.

6.7.2 Offsite Flow Analysis

The analysis of offsite runoff is dependent on the
development status of the fributary offsite area. In all
cases, the minor system is design for the fully developed 2-
year runoff without the benefits of onsite detention. In
some cases credit is given for detention for the design of
the major system.

(a) Where the offsite area is undeveloped, the runoff shall
be calculated assuming the basin is fully developed
as defined by the Washington City General Plan.

(b) Where the offsite area is fully or partially developed,
the storm runoff shall be based upon the existing
platted land uses and topographic features. No credit
will be given for onsite detention in the offsite area for
any design frequency.

6.8 SOIL HYDROLOGIC GROUP TYPES

The soil types found in Washington County have been
classified by the Natural Resource Conservation Service
(NRCS) website. The website address is
http://soildatamart.nrcs.usda.gov.




Table 6.3a Runoff Curve Numbers (Urban Areas)

Cover Description

Curve Numbers for

Hydrologic Soil Group -

Average Percent

vegetation)

Cover Type and Hydrologic Condition Impervious Area A B C D
Open Space (lawn, parks, golf courses, cemeteries,
etc.):
Poor condition (grass cover <50%) 68 79 86 89
Fair condition (grass cover 50% to 75%) 49 69 79 84
Good condition (grass cover >75%) 39 61 74 80
Impervious areas:
Eggte_gf_pv\(/u;l;i;wg lots, roofs driveways, etc. (excluding 98 98 98 98
Streets and roads:
\F/’V%\;?d: curbs and storm sewers (excluding right-of- 98 98 98 98
Paved: open ditches (including right-of-way) 83 89 92 93
Gravel (including right-of-way) 76 85 89 21
Dirt (including right-of-way) 72 82 87 89
Western desert urban areas:
Natural desert landscaping (pervious areas only) 63 77 85 88
Artificial desert landscaping (impervious weed
barrier, desert shrub with 1- fo 2-inch sand or gravel 96 926 96 96
mulch and basin borders)
Urban districts:
Commercial and business 85 89 92 94 95
Industrial 72 81 88 91 93
Residential Districts by average lot size:
Apartments/Condos 72 81 88 21 93
Townhouses/6,000 sq ft lofs or less 69 80 87 90 92
7,000 sq ft lots 63 76 84 89 91
8.000 sq ft lots 58 73 82 88 90
10,000 sq ft lots 38 61 75 83 87
14,000 sq ft lots 30 57 72 81 86
20,000 sq ft lots 25 54 70 80 85
40,000 sq ft lots 20 51 68 79 84
80,000 sq ft lots 12 46 65 77 82
Developing urban areas
Newly graded areas (pervious areas only, no 77 86 91 94




Table 6.3b Runoff Curve Numbers (Cultivated Agricultural Lands)

Cover Description

Curve Numbers for Hydrologic Soil

Group -
Hygr?)\llsgr;iTcyp():ir?giﬁon Treatments iy;jr:glliﬁglnc A B = D
Fallow Bare Soil - 77 86 21 94
Crop residue cover (CR) Poor 76 85 90 93
Good 74 83 88 90
Row crops Straight row (SR) Poor 72 81 88 91
Good 67 78 85 89
SR+ CR Poor 71 80 87 90
Good 64 75 82 85
Contoured (C) Poor 70 79 84 88
Good 65 75 82 86
C+CR Poor 69 78 83 87
Good 64 74 81 85
Confoured &terraced (C&T) Poor 66 74 80 82
Good 62 71 78 81
C&T+CR Poor 65 73 79 81
Good 61 70 77 80
Small grain SR Poor 65 76 84 88
Good 63 75 83 87
SR+ CR Poor 64 75 83 86
Good 60 72 80 84
C Poor 63 74 82 85
Good 61 73 81 84
C+CR Poor 62 73 81 84
Good 60 72 80 83
Ca&T Poor 61 72 79 82
Good 59 70 78 81
C&T+CR Poor 60 71 78 81
Good 58 69 77 80
Close-seeded or SR Poor 66 77 85 89
broadcast legumes or Good 58 72 81 85
rotation meadow C Poor 64 75 83 85
Good 55 69 78 83
Ca&T Poor 63 73 80 83
Good 51 67 76 80




Table 6.3c Runoff Curve Numbers (Agricultural Lands)

Curve Numbers for
Cover Description Hydrologic Soil Group -
Cover Type Hydrologic A B C D
Condition
Pasture, grassland or range - continuous forage for
grazing! Poor 68 79 86 89
Fair 49 69 79 84
Good 39 61 74 80
Meadow - continuous grass, protected from grazing - 30 58 71 78
and generally mowed for hay
Brush - brush-weed-grass mixture with brush the
major element? Poor 48 67 77 83
Fair 35 56 70 77
Good 30 48 65 73
Woods - grass combination (orchard or free farm) Poor 57 73 82 86
Fair 43 65 76 82
Good 32 58 72 79
Woods? Poor 45 66 77 83
Fair 36 60 73 79
Good 30 55 70 77
Farmsteads - buildings, lanes, driveways, and - 59 74 80 86
surrounding lofs.
1 Poor: <50% ground cover or heavily grazed with no mulch.
Fair: 50% to 75% ground cover not heavily grazed.
Good: >75% ground cover and lightly or only occasionally grazed
2 Poor: <50% ground cover.
Fair: 50% to 75% ground cover.
Good: >75% ground cover.
3 Poor: Forest litter, small frees, and brush are destroyed by heavy grazing or regular burning.
Fair: Woods are grazed but not burned, and some forest litter covers the soil.

Good: Woods are protected from grazing, and litter and brush adequately cover the soil.




Table 6.3d Runoff Curve Numbers (Semiarid Rangelands)

Cover Description

Curve Numbers for

Hydrologic Soil Group -

Cover Type Hydrologic Condition A3 | B | C | D

Herbaceous - mixture of grass, weeds, and low- Poor 80 87 93

growing brush, with brush the minor element Fai 7 81 89
air

Good 62 74 85

Oak-aspen - mountain brush mixture of oak brush, Poor 66 74 79
aspen, mountain mahogany, bitter brush, maple, .

and other brush. Fair 48 57 63

Good 30 4] 48

Pinyon-juniper - pinyon, juniper, or both; grassy Poor 75 85 89

understory Fair 58 73 80

Good 4] 61 71

Sagebrush with grassy understory Poor 67 80 85

Fair 51 63 70

Good 35 47 55

Desert shrub - major plants include saltbrush, Poor 63 77 85 88
greasewood, creosotebush, blackbrush, bursage, .

palo verde, mesquite, and cactus. Fair 55 72 81 86

Good 49 68 79 84

3Curve numbers for group A have been developed only for desert shrub.




7.1 INTRODUCTION

This chapter addresses the technical criteria for the hydraulic
evaluation and hydraulic design of open channels in the City.
The information presented herein is considered to be a
minimum standard. In many instances, special design or
evaluation fechniques will be required.

7.2 CHANNEL TYPES

The channels in the City area are defined as natural or artificial.

Natural channels include all water courses that have occurred
naturally by the erosion process. Artificial channels are those
constructed or developed by human effort such as large
designated floodways, irrigation canals and flumes, roadside
ditches, and grassed channels. Most natural channels within
the older parts of the City have been modified by man in the
past.

7.2.1 Natural Channels

The hydraulic properties of natural channels vary along the
channel reach and can be either controlled to the extent
desired or altered to meet given requirements. The initial
decision fo be made regarding natural channels is whether
or not the channel is to be protected from erosion due to
high velocity flow, or protected from excessive silt deposition
due to low velocities.

Many natural channels in urbanized and to-be-urbanized
areas have mild slopes, are reasonably stable, and are not in
a state of serious degradation or aggradation. However, if a
natural channel is to be used for carrying storm runoff from
an urbanized areq, the altered nature of the runoff peaks
and volumes from urban development will cause erosion.
Detailed hydraulic analysis will be required for natural
channels in order to identify the erosion fendencies. Some
onsite modifications of the natural channel may be required
to assure a stabilized condition.

The investigations necessary to assure that the natural
channels will be adequate are different for every waterway.
The engineer designer must prepare cross sections of the
channel, define the water surface profile for the minor and

maijor design flood, investigate the bed and bank material to

determine erosion tendencies, and study the bank slope
stability of the channel under future conditions of flow.
Supercritical flow does not normally occur in natural
channels, but calculations must be made to assure that the
results do not reflect supercritical flow.

7.2.2 Grass Lined Channels

Grass lined channels are the most desirable of the artificial
channels. The grass will stabilize the body of the channel,
consolidate the soil mass of the bed, check the erosion on
the channel surface, and control the movement of soil
particles along the channel boftom. The channel storage,
the lower velocities, and the greenbelt multiple-use benefits
obtained created significant advantages over other artificial
channels.

The presence of grass in channels creates turbulence which
results in loss of energy and increased flow retardance.
Therefore, the designer must give full consideration to
sediment deposition and to scour, as well as hydraulics. If
grass lined channels are utilized in conveyance design the
grass must be irrigated to insure growth.

For the purposes of this HYDROLOGY MANUAL, sandy soils are
defined as non-cohesive sands classified as SW, SP, or SMin
accordance with the Unified Soil Classification System.
Channels in sandy soils require special erosion control
techniques and velocity limitations.

7.2.3 Concrete Lined Channels

Concrete lined channels for major drainageways will be
permitted only where ROW restrictions within existing
development prohibit grass lined channels. The lining must
be designed to withstand the various forces and actions
which tend to overtop the bank, deteriorate the lining, erode
the soil beneath the lining, and erode unlined areas,
especially for the supercritical flow conditions.

If the project constraints suggest the use of a concrete
channel for a major drainageway, the applicant shalll
present the concept with justification to the Public Works
Department for consideration of a waiver form this
HYDROLOGY MANUAL.

A Design Report is required for approval of a concrete lined
channel. The contents of such report shall be determined by
the Public Works Department. On the Record Drawings, the
engineer will be required to certify that the concrete used in
the lining was tested and meets the accepted specifications.

7.2.4 Rock Lined Channels

The advantage of rock lining a channel is that a steeper
channel grade can be used due to the higher friction of the
rock. Also, steeper side slopes are permitted. Rock linings (i.e.
revetments) are permitted as means of controlling erosion for
natural channels. The disadvantages are the large initial cost
of construction and the high maintenance costs due to
vandalism and loss of rock during high flows.

7.2.5 Other Lining Types



The use of synthetic fabrics in construction and
geotechnical engineering has applications in drainage
construction (i.e. erosion control blankets or filter material)
have become common place over the past years.

There are several manufacturers of synthetic fabrics for
erosion protection. Also included in this category are
channel lining products consisting of discrete blocks on a
continuous fabric backing.

The use of synthetic fabrics for lining of channels for major
drainageways within the City is restricted to areas of
existing development where the ROW constraints prohibit
the use of a grass lined section. Such use shall be allowed
only upon written approval for a waiver from the Public
Works Department. The linings shall be restricted to
channels with a Froude number of 0.8 or less.

7.3 DESIGN STANDARDS FOR MAJOR DRAINAGEWAYS

These standards cover the design of major drainageways.
The design standards for open channels cannot be
presented in a step-by-step fashion because of the wide
range of design options available to the design engineer.
Certain planning and conceptual design criteria are
particularly useful in the preliminary design of a channel. This
HYDROLOGY MANUAL, which has the greatest effect on the
performance and cost of the channel, are discussed below.

7.3.1 Natural Channel

The design criteria and evaluation techniques for natural
channels are:

1. The channel and overbank areas shall have
adequate capacity for the 100-year storm runoff.

2. Natural channel segments which have a
calculated Froude number greater than 0.95 for the
100-year flood peak shall be protected from
erosion.

3. The water surface profiles shall be defined so that
the floodplain can be zoned and protected.

4. Filing of the Floodplain Overlay District reduces
valuable channel storage capacity and tends to
increase downstream runoff peaks.

5. Roughness factors (n values), which are
representative of unmaintained channel conditions,
shall be used for the analysis of water surface
profiles.

6. Roughness factors (n), which are representative of
maintained channel conditions, shall be used to
determine velocity limitation.

7. Structures may be required to control erosion for
both the major and the minor storm runoff and
should appear as natural features by imitating
surrounding vegetation and natural materials.
Where possible, locate structures at principal grade
changes to minimize cost of retaining structures,
reduce perceived scale and appearance of mass

and bulk, and use existing land forms of the site. All
check drops, dams, or structures should, whenever
feasible, use natural materials to integrate with natural
landscape characteristics.

8. Plan and profile drawings of the floodplain shall be
prepared. Appropriate allowances for known future
bridges or culverts, which can raise the water surface
profile and cause the floodplain to be extended, shall
be included in the analysis. The applicant shalll
contact the Public Works Department, Transportation
Division for information on future bridges and roads in
undeveloped areas.

9. Preserve, maintain, or enhance natural waterway
channel boundaries and alignment in their natural
condition as landscape and visual amenities, focal
points for development projects, and to help define
"edges” in and around communities. Preserve
vegetation groups, rock outcroppings, terrain form,
soil, waterways, and bodies of water.

With most natural waterways, erosion control structures
should be constructed at regular intervals to decrease the
thalweg slope and to control erosion. However, these
channels should be left in as near a natural condition as
possible. For that reason, extensive modifications should not
be undertaken unless they are found to be necessary to
avoid excessive erosion with subsequent deposition
downstream.

The usual rules of freeboard depth, curvature, and other rules
which are applicable to artificial channels, do not apply for
natural channels. All structures constructed along the
channel shall be elevated a minimum of two foot above the
100-year water surface. There are significant advantages
which may occur if the designer incorporates into his
planning the overtopping of the channel and localized
flooding of adjacent areas which are laid out and
developed for the purpose of being inundated during the
maijor runoff peak.

If a natural channel is to be ufilized as a major drainageway



for a development, then the applicant shall meet with the
Public Works Department to discuss the concept and fo
obtain the requirements for planning and design
documentation. Approval of the concept and design will
be made in accordance with the requirements of
Chapter-2 of this HYDROLOGY MANUAL.

7.3.2 Grass Lined Channels

Key parameters in grass lined channel design include
velocity, slopes, roughness coefficients, depth, freeboard,
curvature, cross section shape, and lining materials. Other
factors such as water surface profile computation erosion
control, drop structures, and fransitions also play an
important role. A discussion of these parameters is
presented below.

1. Flow Velocity
The maximum normal depth velocity for the 100-
year flood peak shall not exceed 5.0 feet per
second for grass lined channels, except in sandy
soil where the maximum velocity shall not exceed
3.0 feet per second. The Froude number shall be
less than 0.8 for grass lined channels, Grass lined
channels having a Froude number greater than
0.8 shall not be permitted. The minimum velocity,
wherever possible, shall be greater than 2.0 feet
per second for the minor storm runoff.

2. Longitudinal Channel Slopes
Grass lined channel slopes are dictated by
velocity and Froude number requirements.
Where the natural fopography is steeper than
desirable, drop structures shall be ufilized to
maintain design velocities and Froude numbers.

3. Freeboard
Except where localized overflow in certain areas
is desirable for additional ponding benefits or
other reasons, the freeboard for the 100-year flow
shall be as follows:

Hre = 0.5 + v2/2g (Equation 701)
where
Hrs = freeboard height (feet)
v = average channel velocity (fps)
g = acceleration of gravity = 32.2 ft/sec?
The minimum freeboard shall be 1.0 foot.
4. Curvature (Horizontal)
The center line curvature shall have a radius
twice the top width of the design flow but not less
than 100 feet.
5.  Roughness Coefficient
The variation of Manning’s “n” with the
refardance and the product of mean velocity
and hydraulic radius, as presented in Table 7.4,

shall be used in the capacity computation.

Retardance curve C shall be used to determine

the channel capacity, since a mature channel (i.e.
substantial vegetation with minimal previous
maintenance) will have a higher Manning’s “n”
value. However, arecently constructed channel
will have minimal vegetation and the retardance
will be less than the mature channel. Therefore,
retardance curve D shall be used to determine the
limiting velocity in a channel.

Cross Sections

The channel shape may be almost any type
suitable to the location and to the environmental
conditions. Often the shape can be chosen to suit
open space and recreational needs. The limitations
within which the design must fall for the major storm
design flow include:

a) Trickle Channel
The base flow shall be carried in a trickle
channel except for sandy soils (see Section-
7.2.2 for soil classifications). The minimum
capacity shall be 3.0 percent of the 100-year
flow but not less than 1 cfs. Trickle channels
shall be constructed of concrete or other
approved materials to minimize erosion, to
facilitate maintenance, and to aesthetically
blend with the adjacent vegetation and soils.
The minimum frickle channel width shall be four
feeft.

An alternative frickle channel freatment is of
greater capacity with natural bottom and
appropriate riparian vegetation types and mix
along the edges to reduce erosion and create
wetland area. Channel alignment should vary
in character with a meandering quality. Drop
structures should be included where necessary
and appear as natural features.



b) Main Channel
Main channel side slopes shall be 4
(horizontal) to 1 (vertical) or flatter.

c) Bottom Width
The minimum bottom width shall be
consistent with the maximum depth and
velocity criteria. The minimum bottom width
shall be four feet or the trickle channel width
when frickle channel is required.

d) Easement/Right-of-Way Width
The minimum easement/ROW width shall
include freeboard and a 15-foot wide
maintenance access road.

e) Flow Depth
The maximum design depth of flow (outside
the tfrickle channel area and main channel
area for sandy soils) for the 100-year flood
peak shall be limited to 5.0 feet in grass lined
channels.

f)  Maintenance Access Road
A maintenance access road shall be
provided along the entire length of all major
drainageways with a minimum width of 15
feet. The City may require the road to be
surfaced with six inches of Class 2 road base
or concrete slab. Refer to Section-3.3.7 of this
HYDROLOGY MANUAL.

Vegetation

Vegetation and land form variations are
encouraged to enhance the aesthetic quality
within channels as long as the functional factors
mentioned below are not compromised. It is
recognized that channel capacity will be
increased to accommodate an increase in plant
material types and densities and variation of land
form. Overstory canopy trees are allowed outside
of high hazard areacs.

If extensive modification or disruption is
necessary, rehabilitate the channel corridor to
conform to or improve upon predevelopment
conditions. The stream form and vegetative
character should appear as it would occur under
long-term natural processes. Alternative
techniques that can be used to achieve these
include: varying the slope and edge of channel;
the use of river rock for riprap; replanting
appropriately sized riparian vegetation; and
infroducing meandering character on float areas
and pools and rocks in steeper areas. A
concenfration of plant materials should be
included where drainages intersect arterial
streets, when feasible, fo maintain and enhance
visual access from roadways.

The distance on each side of any flowing or
intermittent stream channel should be large
enough to ensure its use as an active and passive
recreational and visual amenity.

8. Water Surface Profiles
Computation of the water surface profile shall be
presented for all open channels utilizing standard
backwater methods, taking into consideration
losses due to changes in velocity of channel cross
section, drops, waterway openings, or obstructions.
The energy gradient shall be shown on all drawings.
The standard method for determining the water
surface profile is the US Army Corps of Engineers
HEC-2 water surface profiles computer model.
HEC-RAS or any other modeling software package
may be used al long as it produces the required
data file to recreate the model in HEC-2.

7.3.3 Concrete Lined Channels

Concrete lined channels are defined as rectangular or
frapezoidal channels in which reinforced concrete is used to
line the channel banks and bottom. Concrete lined channels
are the most prevalent type of improved channel in
Washington City. This is mainly due to their ability to
accommodate super-critical flow conditions and thus can
be constructed to almost any natural occurring slope. In
addition, the cost of concrete channels is generally more
economical than other lining types due to their greater flow
carrying capacity resulting in less land area requirements.

7.3.3.1 Design Parameters

The following sections present the recommended design
parameters for concrete lined channels. These design
standards are found fo work in similar conditions and are
suggested for use in the Washington City area.

Alternative design parameters will be considered on a
case by case basis. The design parameters presented do
noft relieve the designer of performing the appropriate
engineering analysis.

7.3.3.2 Code Requirements



The concrete channel sections shall be designed in
accordance with ACI Standard, Building Code
Requirements for Reinforced Concrete Structures ACI
318 and other governing codes.

7.3.3.3 Concrete Lining Section

a. All concrete linings shall have a minimum
thickness of 6 inches for flow velocities less than
30 feet per second and a minimum thickness of 7
inches for flow velocities of 30 feet per second
and greater.

b. In areassubjected to overland flows, longitudinal
concrete cutoff walls shall be located at the top
of the concrete channel lining to prevent
undermining and surcharging of the channel side
slopes.

c. A concrete cutoff wall shall be provided at both
the upstream and downstream terminus of the
channel lining.

d. The side slopes shall be a maximum of 2H:1V, or a
structurally reinforced wall if steeper. All pipe or
other openings at channel sides and bottom shall
have additional reinforcement placed around
the opening.

e. Minimum required concrete compressive strength
at 28 days shall be 4,000 pounds per square inch
and maximum water fo cement ratio, by weight
shall be 0.50.

f.  Theinvert slab should be cross-sloped to
concenfrate nuisance flows and protect the
longitudinal joints between the invert slab and
side slopes.

7.3.3.4 Concrete Joints

Concrete linings may be designed using two
approaches in the Washington City area. The two
accepted methods are: panel type lining and
continuously reinforced lining. Panel type lining is
designed with regularly spaced expansion joints and
more frequently spaced confraction joints and with a
relatively small amount of reinforcing steel. Regularly
spaced joints accommodate movement due fo
material properties such as shrinkage, application of
hydraulic and soil loads, and environmental
conditions such as temperature changes. Panel type
construction in the Washington City area requires a
maximum expansion joint spacing with cut-off walls of
90 feet on center, with cut-off walls located at alll
expansion joints, with contraction joints from 15 to 30
feet on center spaced between the expansion joints.

Confinuously reinforced lining is designed with few
fransverse joints and a relatively large amount of
longitudinal reinforcing to distribute random cracking.
Continuously reinforced lining incorporates expansion
joint spacing of 100 fo 500 feet, with cut-off walls
located at all expansion joints. Transverse joint layout

consists of expansion joints used sparingly and located
during design at points of fixity and changes in channel
cross section or alignment, and construction joints
located during construction within a specified range of
spacings at the end of a day’s concrete placement.
Expansion joints must be carefully detailed with joint filler
and sealant materials specified appropriately,
constructed strictly in accordance with contract
documents, and inspected and maintained regularly.

a. Longitudinal joints, where required, shall be
constructed on the sidewalls at least 1 foot vertically
above the channel invert. They shall be protected from
confinuous confact with nuisance flows, raising them
above the flow line for flat-bottomed channels.

b. All joints shall be designed to prevent differential
movement.

c. Construction joints are required for all cold joints and
where the lining thickness changes. Reinforcement shalll
be continuous through the joint and the concrete lining
shall be thickened aft the joint as necessary.

d. Conftraction joints shall be tooled and sealed (saw
cutting of contraction joints shall not be permitted).

7.3.3.5 Concrete Finish

The surface of the concrete lining shall be provided with
a wood float finish, or light broom finish, unless the
design requires additional finishing tfreatment. Excessive
working or wetting of the finish shall be avoided if
additional finishing is required.

7.3.3.6 Concrete Curing

It is suggested that concrete lined channels be cured by
the application of a liquid membrane-forming curing
compound (white pigmented) upon completion of the
concrete finish. All curing shall be completed in
accordance with the WASHINGTON CITY STANDARD
SPECIFICATIONS.

7.3.3.7 Reinforcement Steel



a. Steel reinforcement shall be a minimum grade 60
deformed bars. Wire mesh shall not be used.

b. For continuously reinforced concrete channels, the
rafio of longitudinal steel area to the concrete cross-
sectional area shall be greater than 0.004 but not less
than a No. 4 bar at 8-inch spacing for channels with
expansion joints at 100 feet on center.

For channels with expansion joints greater than 100
feet on center, the ratio of longitudinal steel area to
the concrete cross-sectional area shall be greater
than 0.005 but not less than a No. 5 bar at 10-inch
spacing.

The longitudinal steel shall be placed on top of the
fransverse steel. The ratio of transverse steel area to
the concrete cross-sectional area shall be greater

than 0.0020 for channel bottom widths less than 25
feet and 0.0025, but not less than a No. 4 bar at 12-
inch spacing for wider channels.

The maximum ratio of the transverse steel area to the
concrete cross-sectional area shall be less than 50
percent of Dp.

c. For panel type construction, reinforcing ratios can
be reduced if the design engineer details the
contraction joints with disconfinuous longitudinal
reinforcing. The ratio of longitudinal steel area to the
concrete cross-sectional area shall be greater than
0.0025, with contraction joints located on 30-ft centers
and the longitudinal reinforcing discontinuous at the
joint.

If the steel at the contraction joint is not discontinuous,

the reinforcing ratio shall be increased to 0.0040.
Transverse reinforcing ratio should be identical fo the
value selected for continuously reinforced channel
linings.

d. Reinforcing steel shall be placed not farther apart
than two times the slab thickness, or 12 inches.
Reinforcing steel shall be placed near the center of
the section and shall have a minimum of 3 inches of
cover to the subgrade and 2 inches cover to the
exposed surface.

Dobies to support reinforcing on grade shall have an
integral wire tie. Wire fies shall be bent away from the
exterior surfaces of the concrete.

7.3.3.8 Earthwork

At a minimum, the following areas shall be
compacted to at least 90 percent of maximum
density as determined by ASTM 1557 (Modified
Proctor); the following addifional requirements may
be required by the geotechnical report:

a. The 12 inches of subgrade immediately beneath
concrete lining (both channel bottom and side
slopes)

b. Top 12 inches of maintenance road

c. Top 12 inches of earth surface within 10 feet of
concrete channel lip

d. All fill material
7.3.3.9 Bedding

A geotechnical report shall be submitted to the
Washington City Public Work Department which
addresses the need to provide bedding beneath the
concrete channel section.

7.3.3.10 Underdrain and Weepholes

The necessity for longitudinal underdrains and
weepholes shall be addressed in a geotechnical report
submitted to the Washington City Public Work
Department for the specific concrete channel section.

7.3.3.11 Roughness Coefficients

Manning's "n" values for concrete lined channels are as
listed in Table7.1.

7.3.3.12 Low Flow Channel

The bottom of the concrete channel shall not be
constructed with a defined low flow channel but shall
be adequately cross sloped to confine the low flows to
the middle or one side of the channel.

7.3.3.13 Concrete Cutoffs

For continuously reinforced concrete channels, a
fransverse concrete cutoff shall be installed at each
expansion joint and shall extend a minimum of 3 feet
below the bottom of the concrete slab. The cutoff shall
extend across the entire width of the channel lining. For
panel type concrete construction, a fransverse
concrete cutoff shall be installed at any expansion joint,
at a maximum spacing of 90 feet and shall extend a
minimum of 3 feet below the bottom of the concrete
slab. The cutoff shall extend across the entire width of
the channel lining.

For either type of concrete channel lining, longitudinal
cutoffs, a minimum of 2 feet in depth, at the top of lining
are required to ensure integrity of the concrete lining
where the channel intersects a natural wash or where
sheet flow can enter the channel.

7.3.3.14 Minor Drainage Channels



Six-inch thick concrete with No. 4 reinforcing steel bars
at 12 inches on center each way will normally be
utilized for these channels when they are to be
maintained by a public entity or constructed in a
public right-of-way or easement.

Alternative sections will be allowed where approved
by the responsible entity.

7.3.4 Riprap Lined Channels

Freeboard and maintenance access road requirements
shall be in accordance with the standards for grass lined
channels defined in this HYDROLOGY MANUAL.

7.3.5 Other Lining Types

The criteria for the design of major drainageway channels
with lining other than grass, rock, or concrete will be
dependent on the manufacturer's recommendations for
the specific product. The applicant will be required to
submit the technical data in support of the proposed
material. Additional information or calculations may be
requested by the Public Works Department to verify
assumptions or design criteria. The following minimum
criteria will also apply.

1. Flow Velocity
The maximum normal depth velocity will be
dependent on the construction material
utilized; however, the Froude number shall be
less than 0.8.

2. Freeboard
Defined by Equation 701.

3. Curvature
The center line curvature shall have a minimum
radius twice the top width of the design flow
but not less than 100 feet.

4. Roughness Coefficient
A Manning’s “n” value range shall be
established by the manufacturer's data, with
the high value used to determine
depth/capacity requirements and the low
value used to determine Froude number and

velocity restrictions.

5. Cross Sections
Same as for grass lined channels, Section
7.3.2.6.

7.3.6 Design Standards for Small Drainageways
These standards cover the design of channels that are not
classified as a major drainageway. Additional flexibility
and less stringent standards are sometimes allowed for
small drainageways. However, the same safety standards
apply no matter what the channel size.

7.3.6.1 Natural Channels

The design criteria and evaluation techniques for natural

channels are:
1. The channel and overbank areas shall have
adequate capacity for the 100-year storm runoff.

2. Natural channel segments which have a calculated
Froude number greater than 0.95 for the 100-year
flood peak shall be protected from erosion.

3.  Roughness factors (n), which are representative of
unmaintained channel conditions, shall be used for
the analysis of water surface profiles.

4. Roughness factors (n), which are representative of
maintained channel conditions, shall be used to
determine velocity limitations.

5. Erosion confrol structures, such as check drops or
check dams, may be required to control flow
velocities, including the minor storm runoff.

6. Plan and profile drawings shall be prepared showing
the 100-year water surface profile, floodplain, and
details of erosion protection, if required.



7.3.6.2 Grass Lined Channels

Key parameters in grass lined channel design include
velocity, slopes, roughness coefficients, depth,
freeboard, curvature, cross section shape, and lining
materials. Other factors such as water surface profile
computation, erosion control, drop structures, and
transitions also play an important role. A discussion of
these parameters is presented below.

1.

Flow Velocity

The maximum normal depth velocity for the 100-
year flood peak shall not exceed 7.0 feet per
second for grass lined channels, except in sandy soil
where the maximum velocity shall not exceed 5.0
feet per second (see Section-7.2.2). The Froude
number (turbulence factor) shall be less than 0.8 for
grass lined channels. Grass lined channels having a
Froude number greater than 0.8 shall not be
permitted. The minimum velocity, wherever
possible, shall be greater then 2.0 feet per second
for the minor storm runoff.

Longitudinal Channel Slopes

Grass lined channel slopes are dictated by velocity
and Froude number requirements. Where the
natural topography is steeper than desirable, drop
structures shall be utilized to maintain design
velocities and Froude numbers.

Freeboard

A minimum freeboard of 1-foot shall be included in
the design for the 100-year flow. For swales (i.e.
small drainageways with a 100-year flow less than
20 cfs), the minimum freeboard requirements are 6-
inches.

Curvature (Horizontal)

The center line curvature shall have a minimum
radius twice the top width of the design flow but
not less than 50-feet. The minimum radius for
channels with a 100-year runoff of 20 cfs or less shall
be 25 feet.

Roughness Coefficient

The variation of Manning’s “n" with the retardance
(curve “C") and the product of mean velocity and
hydraulic radius, as presented in Figure-701, shall be
used in the computation of capacity and velocity.

Cross Sections

The channel shape may be almost any type
suitable to the location and to the environmental
conditions. The section may be a simple V-Section
for swales (i.e. Q100 less than 20 cfs). The limitations
on the cross section are as follows:

a) Trickle Channel
The base flow (except for swales) shall be
carried in a trickle channel for non-sandy soils.
The minimum capacity shall be 3.0 percent of
the 100-year flow but not less than 1 cfs. The
frickle channel can be constructed of
concrete, rock, cobbles, or other suitable
materials. For sandy soil, @ main channel is
required in accordance with Section-7.4.2.6(b).

b)

c)

d)

Trickle channel details are shown in Figure 705.
Factors to be considered when establishing the
need for trickle channels are: drainage slope, soil
type, and upstream impervious area. For 100-
year runoff peaks of 20 cfs or less, frickle channel
requirements will e evaluated for each case.
Trickle channels help preserve swales crossing
residential property.

Easement/Right-of-Way Width

The minimum easement/ROW width shall include
freeboard and should include a maintenance
access.

Flow Depth

The maximum design depth of flow (outside the
trickle channel area and main channel area for
sandy soils) for the 100-year flood peak shall be
limited to 5.0 feet in grass lined channels.

Side Slopes

Main channel side slopes shall be 4 (horizontal) to
1 (verfical) or flatter. Side slopes for channels with
100-year runoff peaks of 20 cfs or less shall be 3
(horizontal) to 1 (vertical) or flatter.

7. Hydraulic Information
Calculations of the capacity, velocity, and Froude
numbers shall be submitted with the construction
drawings.

7.3.6.3 Riprap Lined Channels



Riprap should be installed as follows:

a)

b)

d)

Grade the bank fo a maximum slope of two feet of
horizontal distance for one foot of verfical rise.

Place a highly permeable and appropriately sized
geotextile filter fabric on the prepared slope
following the manufacturer’'s recommendations.
Take care noft to tear the filter fabric during
installation.

Place a layer (six inch minimum) of gravel or small
rock on the geotexfile filter fabric. The underlayer
stone needs to be sized appropriately so it will not
wash through any gaps between the riprap stones.

Place the layer of riprap, 1.5 times the thickness of

4. Roughness Coefficient
A Manning’s “n" value range shall be established by
the manufacturer’s data, with the high value used to
determine depth/capacity requirements and the low
value used to determine Froude number and velocity
restrictions.

5. Cross Sections
Same as for grass lined channels, Section 7.3.2.6

7.4 CHANNEL RUNDOWNS

A channel rundown is used to convey storm runoff form the
bank of a channel to the invert of an open channel or
drainageway. The purpose of the structure is to minimize
channel bank erosion from concentrated overland flow. The
design criteria for channel rundowns are as follows:

the largest stone, on top of the gravel. The heaviest
rocks should be placed along the boftom of the
bank. Riprap should be placed onto position, not
dumped over the bank edge.

e) Enfrench the bottom row of stone into the stream
bed to prevent undercutting.

f)  Extend the revetment beyond the area of erosion
to prevent erosion behind the ends of the structure.

Freeboard requirements shall be in accordance with the
standards for grass lined channels defined in Section-
7.3.2.3 of this HYDROLOGY MANUAL.

7.3.6.4 Other Lining Types

The criteria for the design of small channels with linings
other than grass, rock, or concrete will be dependent on
the manufacturer's recommendations for the specific
product. The applicant will be required to submit the
technical data in support of the proposed material.
Additional information or calculations may be requested
by the Public Works Department to verify assumptions or
design criteria. The following minimum criteria will also

apply.

1. Flow Velocity
The maximum normal velocity will be dependent on
the construction material utilized; however, the
Froude number shall be less than 0.8.

2. Freeboard
Refer to Section 7.3.2.3.

3. Curvature
The center line curvature shall have a minimum
radius twice the top of the design flow but not less
than 50 feet. The minimum radius curvature for
channels with a 100-year runoff of 20 cfs or less shall
be 25-feet.

7.4.1 Design Flow

The channel rundown shall be designed to carry a minimum
of the minor storm runoff or 1 cfs, whichever is greater.

7.4.2 Flow Depth

The maximum depth at the design flow shall be 12-inches.
Due to the typical profile of a channel rundown beginning
with a flat slope and then dropping steeply into the channel,
the design depth of flow shall be the computed critical
depth for the design flow.

7.4.3 Outlet Configuration

The channel rundown outlet shall enter the drainageway at
the trickle channel flowline. Erosion protection of the
opposite channel bank shall be provided by a 24-inch layer
of grouted riprap. The width of this riprap erosion protection
shall be at least three times the channel rundown width or
pipe diameter. Riprap protection shall extend up the
opposite bank to the minor storm flow depth in the
drainageway or 2-feet, whichever is greater.



7.5 CHECKLIST

To aid the designer and reviewer, the following checklist has been prepared.

1.

2.

Check flow velocity with low retardance factor and capacity with high retardance factor.

Check Froude number and critical flow conditions.

Grass channel side slopes must be 4:1 or flatter.

Show energy grade line and water surface profile on design drawings.

Consider all backwater conditions (i.e. at culverts) when determining channel capacity;
Check velocity for conditions without backwater effects.

Provide adequate freeboard.

Provide adequate ROW for the channel and continuous maintenance access.

Table 7.1 Manning’s Roughness Coefficient for Channel Lining Types

. Roughness Coefficient (n)
Channel Material
Normal Maximum

Corrugated Metal 0.025 0.030
Concrete

1) Trowel finish 0.013 0.015

2) Float finish 0.015 0.016

3) Unfinished 0.017 0.020

4) Shotcrete, Good section 0.019 0.023

5) Shotcrete, wavy section 0.122 0.025
Asphalt (use maximum value when cars are present 0.016 0.020
Soil-Cement 0.020 0.025
Constructed channels with earth or sand bottom, sides of

1) Clean earth; straight 0.022 0.025

2) Earth with grass and weeds 0.025 0.030

3) Earth with trees and shrubs 0.032 0.040

4) Shotcrete 0.022 0.025

5) Soil-Concrete 0.025 0.028

6) Concrete 0.020 0.024

7) Dry rubble or riprap 0.033 0.036
Natural channels with sand bottom, sides of

1) Trees and shrubs 0.035 0.045

2) Rock 0.032 0.040
Natural channels with rock bottom 0.060 0.090
Overbank floodplains

1) Desert brush, normal density 0.060 0.080

2) Dense vegetation 0.100 0.160




Table 7.2 Maximum Permissible Mean Channel Velocities

Material/Lining

Maximum Permissible Mean Velocity (fps)

Natural and Improved Unlined Channels

Fine sand, colloidal 1.50
Sandy loam, Noncolloidal 1.75
Silt loam , noncolloidal 2.00
Alluvial silts, noncolloidal 2.00
Ordinary firm loam 2.50
Volcanic ash 2.50
Siff clay, vary colloidal 3.75
Alluvial silts, colloidal 3.75
Shales and hardpans 6.00
Fine gravel 2.50
Graded loam fo cobbles when noncolloidal 3.75
Graded loam fo cobbles when colloidal 4.00
Coarse gravel, noncolloidal 4.00
Cobbles and shingles 5.00
Sandy silt 2.00
Silty clay 2.50
Clay 6.00
Poor sedimentary rock 10.0
Fully Lined Channels

Unreinforced vegetation 5.0
Loose riprap 10.0
Grouted riprap 15.0
Gabions 15.0
Soil-Cement 15.0
Concrete 35.0

Table 7.3 Minimum Allowable Riprap Diameter*

Velocity of Stream

Size Range Largest
Diameter of Rock

2 - 6 feet/second
6 - 8 feet/second
8- 10 feet/second
10 - 12 feet/second
12 - 15 feet/second

4"-12"; average 6"
6"- 18", average 12"
12" - 24"; average 18"
18" - 30"; average 24"
24" - 42"; average 36"

*Riprap should not be used when velocity is greater than 15 feet/second.

Table 7.4 Recommended Manning’s n-values for Grass Lined Channels

Grass Type Manning's n

Bermuda (regularly mowed) 0.040
St. Augustine (regularly mowed) 0.045
Native grasses and vegetation not mowed regularly 0.060




8.1 INTRODUCTION

Storm sewers are a part of the Minor Drainage System, and are
required when the other parts of the minor system, primarily
curb, gutter, and roadside ditches no longer have capacity for
additional runoff.

Except as modified herein, the design of storm sewers shall be
in accordance with the MANUAL Section on “Storm Sewers”.
Reference is made to follow specific sections in the MANUAL for
clarity. The user is referred to the MANUAL and other references
cited for additional discussion and basic design concepfs.

A computer program for the design of a storm sewer system will
be permitted provided the model is calibrated to three or more
design points using the procedures presented in these
HYDROLOGY MANUAL. Contact the Public Works Department
for specific information required.

8.2 CONSTRUCTION MATERIALS

Reinforced Concrete Pipe (RCP) in accordance with ASTM C-
76, C-506, C-507 or C-655 and High Density Polyethylene are
the only material generally acceptable for use in storm sewer
construction within City right-of-way at this time. The minimum
class of pipe shall be Class-lll; however, the actual depth of
cover, live load, and field conditions may require structurally
stronger pipe.

8.3 HYDRAULIC DESIGN

Storm sewers shall be designed to convey the minor storm flood
peaks while flowing at 80 percent of the full pipe capacity. To
ensure that this objective is achieved, the hydraulic and energy
grade line shall be calculated by accounting for pipe friction
losses and pipe form losses. Total hydraulic losses will include
friction, expansion, contraction, bend, and junction losses. The
methods for estimating these losses are presented in the
following sections. The final energy grade line shall be at or
below the proposed ground surface. The hydraulic grade line
calculated at full inlet capacity shall be below grade
throughout the storm sewer system.

8.3.1 Pipe Friction Losses

The Manning’s “n” values to be used in the calculation of
storm sewer capacity and velocity are presented in Table-
801.

8.3.2 Pipe Form Losses

Generally, between the inlet and outlet the flow encounters
a variety of configurations in the flow passageway such as
changes in pipe size, branches, bends, junctions, expansions,
and contractions. These shape variations impose losses in
addition to those resulting from pipe friction. Form losses are
the result of fully developed turbulence and can be

expressed as follows:

HL. =K V2/2g (Equation 801)

where H.=head loss (feet)
K = loss coefficient
V2/2g = velocity head (feet)
g = gravitational acceleration (32.2 ft/sec?)

The following is a discussion of a few of the common types of
form losses encountered in sewer design.

1. Expansion Losses
Expansion in a storm sewer conduit will result in a
shearing action between the incoming high velocity
jet and the surrounding sewer boundary. As a result,
much of the kinetic energy is dissipated by eddy
currents and turbulence. The loss of head can be
expressed as:
He = Ke [V12/29] [1 - (A1/A2)?]2 (Equation 802)
in which A is the cross section area, V is the average
flow velocity, and Ke is the loss coefficient. Subscripts
1 and 2 denote the upstream and downstream
sections, respectively. The value of Ke is about 1.0 for a
sudden expansion, and about 0.2 for a well designed
expansion fransition. Table-802 presents the expansion
loss coefficients for various flow conditions.

2. Confraction Losses
The form loss due to contraction is:
Hi = Ke [V22/29] [1 - (A2/A1)2]2 (Equation 803)
where Kc is the contraction coefficient. Kc is equal to
0.5 for a sudden contraction and about 0.1 for a well
design transition. Subscripts 1 and 2 denote the
upstream and downstream sections, respectively.

Table-802 presents the contraction loss coefficient for
various flow conditions.



3. Bend Losses
The head losses for bends, in excess of that caused
by an equivalent length of straight pipe, may be
expressed by the relatfion

H. = Kb V22/2g

in which Ky is the bend coefficient. The bend
coefficient has been found to be a function of, (a)
the ration of the radius of curvature of the bend to
the width of the conduit, (b) deflection angle of the
conduit, (c) geometry of the cross section of flow,
and (d) the Reynolds number and relative
roughness. A table showing the recommended
bend loss coefficients is presented in Table-802.

4. Junction and Manhole Losses
A junction occurs where one or more branch sewer
enters a main sewer, usually atf manholes. The
hydraulic design of a junction is in effect the design
of two or more transitions, one for each flow path.
Allowances should be made for head loss due to
the impact at junctions. The head loss for a straight
through manhole or at an inlet entering the sewer is
calculated from Equation 801. The head loss at a
junction can be calculated from:

HL = V22/2g - K; V12/2g

sanitary sewer main lies above a storm sewer, or within 18-
inches below, the sanitary sewer shall have an impervious
encasement or be constructed of approved sewer pipe with
the nearest joint nine-feet from the centerline of the crossing.

8.5 HORIZONTAL ALIGNMENT

Storm sewer alignment may be curvilinear for pipe with
diameters of 48-inches or greater but only when approved in
writing by the Public Works Department. The applicant must
demonstrate the need for a curvilinear alignment. The
limitations on the radius for pulled-joint pipe are dependent on
the pipe length and diameter, and amount of opening

permitted in the joint. The maximum allowable joint pull shall be

3/4-inches. The minimum parameters for radius type pipe are
shown in Table-801. The radius requirements for pipe bends are
dependent upon the manufacturer's specifications.
8.6 PIPE SIZE

The minimum allowable pipe size for storm sewers except for

detention outlets is dependent upon a practical diameter from

the maintenance standpoint. The length of the sewer also
affects the maintenance and, therefore, the minimum
diameter. Table-801 presents the minimum pipe size for public
storm sewers.

8.7 MANHOLES

where V. is the outfall flow velocity and Vi is the Manholes will be required whenever there is a change in size,
inlet velocity. The loss coefficient, K;, for various direction, elevation, grade, or where there is a junction of two
junctions is presented in Table-803. or more sewers. A manhole may be required at the beginning
and/or at the end of the curved section of storm sewer. The
8.3.3 Storm Sewer Outlets maximum spacing between manholes for various pipe sizes
shall be in accordance with Table-801. The required manhole
When the storm sewer system discharges into the Major size shall be as follows:
Drainageway System, additional losses occur at the outlet
in the form of expansion losses (refer to Section 8.3.2), for a MANHOLE SIZE
headwall and no wingwalls, the loss coefficient Ke = 1.0
SEWER DIAMETER MANHOLE DIAMETER
(refer to Table-802), and for a flared-end section the loss
coefficient is approximately 0.5 or less. 18" 4'
8.3.4 Partially Full Pipe Flow 21" to 36" 5'
When a storm sewer is not flowing full, the sewer acts like 42" to 48" 6

an open channel, and the hydraulic properties can be

i ; 60" 7

calculated using open channel techniques (refer to

Chapter 7). The data presented assumes that the friction >60" Requires Submittal

coefficient, Manning’s “n” value, does not vary throughout

the depth.
8.4 VERTICAL ALIGNMENT Larger manhole diameters or a junction structure may be

required when sewer alignments are angled or more than one

The sewer grade shall be such that a minimum cover is sewer line goes through the manhole.

maintained to withstand AASHTO HS-20 (or as designated by
the City) loading on the pipe. The minimum cover depends
upon the pipe size, type and class, and soil bedding
condition, but shall be noft less than 1-foot at any point along
the pipe unless approved by Washington City Public Works
Department. The minimum clearance between storm sewer
and water main, either above or below, shall be 18-inches.
(Approval of the Washington City Public Works Department
will be required for lesser clearances.) The minimum
clearance between storm sewer and sanitary sewer, either
above or below, shall be 12-inches. In addition, when a



8.8 CHECKLIST

To aid the designer and reviewer, the following checklist has been prepared:
1. Calculate energy grade line (EGL) and hydraulic grade line (HGL) for all sewers and show on the construction
drawings or on a separate copy of the plans submitted with the construction drawings. Also include the HGL for
the storm sewer at full inlet capacity.

2. Account for all losses in the EGL calculation including outlet, form, bend, manhole, and junction losses.
3. Provide adequate erosion protection at the outlet of all sewers into open channels.
4. Check for minimum pipe cover and clearance with utilities.

Table 801. Public Storm Sewer Alignment and Size Criteria

Maximum allowable Distance Between

Vertical Dimension of Pipe (inches) Manholes and/or Cleanouts

1510 36 ’ 400 feet

42 and Larger 500 feet

Minimum Radius for Radius Pipe

Diameter or Pipe Radius of Curvature
48" to 54" 28.50 ft.
57"to 72" 32.00 ft
78"to 108" 38.00 ft

Minimum Pipe Diameter

Minimum Equivalent Minimum Cross-

Type Pipe Diameter Sectional Area
Main Trunk 18in. 1.77 sq. ft.
Lateral from Inlet* 15in. 1.23 5q. ft.
Lateral from Inlet* 12in. 0.79 sq. ft.

* Minimum size of lateral shall also be based upon a water surface inside the inlet or a minimum distance of one (1) foot below the
grade or throat.



Table 802. Manning’s N-value for Conduit Materials

Conduit Type

Manning's N-value

Minimum ‘ Normal ‘ Maximum

Corrugated metal

Subdrain 0.017 0.019 0.021
Storm drain 0.021 0.024 0.03
Cement

Neat, surface 0.01 0.011 0.013
Mortar 0.011 0.013 0.015
Concrete

Culvert, straight and free of debris 0.01 0.011 0.013
Culvert with bends, connections, and

some debris 0.011 0.013 0.014
Finished 0.011 0.012 0.014
Sewer with manholes, inlet, etc., straight 0.013 0.015 0.017
Unfinished, steel form 0.012 0.013 0.014
Unfinished, smooth wood form 0.012 0.014 0.016
Unfinished, rough wood form 0.015 0.017 0.02
Plastic

PVC 0.007 0.010 0.011
HDPE (Smooth inner walls) 0.009 0.011 0.014
HDPE (Corrugated inner walls) 0.018 0.021 0.025




9.1 INTRODUCTION

There are three types of inlets: curb opening, grated, and
combination inlets. Inlets are further classified as being on a
“continuous grade” orin a sump. The term "“continuous
grade” refers to an inlet so located that the grade of the
street has a continuous slope past the inlet and, therefore,
ponding does not occur at the inlet. The sump condition
exists whenever water is restricted or ponds because the inlet
is located at a low point. A sump condition can occur at a
change in grade of the street from positive to negative, or at
an intersection due fo the crown slope of a cross street.

Presented in this chapter is the criteria and methodology for
design and evaluation of storm sewer inlefs in the City.
Except as modified herein, all storm sewer inlet criteria shall
be in accordance with the MANUAL.

9.2 STANDARD INLETS
The standard inlets permitted for use in the City is:

D&L Supply Inlet Grate I-3517 (or approved equal)
—  All otherinlets types must be pre-approved by
the Washington City Public Works Department.

9.3 INLET HYDRAULICS

The procedure and basic data used to define the capacities
of the standard inlets under various flow conditions are
contained for curb opening inlets must be included in the
drainage report. The resulting information must consist of
defining the amount and depth of flow in the gutter and
determining the theoretical flow interception by the inlet. To
account for effects which decrease the capacity of the
various types of inlets, such as debris plugging, pavement
overlaying, and variations in design assumptions, the
theoretical capacity calculated for the inlets is reduced to
the allowed capacity by the factors presented in the
MANUAL for the standard inlets.



10.1 INTRODUCTION

The criteria presented in this section shall be used in the
evaluation of the allowable drainage encroachment within
public streets. The review of all planning submittals (refer to
Chapter 2) will be based on the criteria herein. Examples
and design charts are given in the MANUAL. In addition to
the methodology given in the MANUAL, several computer
programs are available to calculate street flow. Contact the
Public Works Department to determine acceptable
computer programs. Copies of input and output listings
should be submitted on diskettes.

10.2 FUNCTION OF STREETS IN THE DRAINAGE SYSTEM

Urban and rural streets, specifically the curb and gutter or
the roadside ditches, are part of the Minor Drainage System.
When the drainage in the street exceeds allowable limits
(refer to Section 3.4.4), a storm sewer system (Chapter 9) or
an open channel (Chapter 7) is required to convey the
excess flows. The streets are also part of the Major Drainage
System when they carry floods in excess of the minor storm
(refer to Section 3.4.2), also subject to certain limitations
(refer to Section 3.4.4). However, the primary function of
urban streets is for traffic movement and, therefore, the
drainage function is subservient and must not interfere with
the traffic function of the street.

Design criteria for the collection and moving of runoff water
on public streets are based on a reasonable frequency and
magnitude of traffic interference. Traffic lanes cannot be
inundated during minor storms. No water should inferfere

with travel lanes during the 10-year and smaller storm events.

The primary function of the streets for the Minor Drainage
System is therefore to convey the nuisance flows quickly and
efficiently to the storm sewer or open channel drainage
without interference with traffic movement. For the Major
Drainage System, the function of the sfreets is fo provide an
emergency passageway for the flood flows with minimal
damage to urban environment.

10.3 STREET FLOW DEPTH FOR MINOR STORMS

No curb overtopping during the minor storm is allowed for
any street regardless of classification.

10.4 HYDRAULIC EVALUATION
10.4.1 Allowable Capacity - Minor Storm
Based upon the policy of Section 3.4.4 and the
requirement of Section 10.3, the allowable minor storm

capacity of each street section is calculated using the
modified Manning'’s formula.

Q = (0.56)(Z/n)s'/2d8r3 (Equation 1001)
Where Q = discharge in cfs
2= 1/ sx, Wwhere sy is the cross slope of the

pavement (ft/ft)

d = depth of water at face of curb (feet)
s = longitudinal grade of street (ft/ft)
n = Manning’s roughness coefficient

The allowable gutter capacity was computed using a
symmetrical street section. Therefore, the allowable gutter
capacity will need to be reduced for nonsymmetrical street
sections. Street capacity calculations shall be submitted to
the City at critical locations of the non-symmetrical streefts.
This computed street capacity must never exceed the
allowable street capacity presented in this HYDROLOGY
MANUAL. The use of computer programs is also acceptable.
Copies of input and output listings on diskette shall
accompany any submittals.

10.4.2 Allowable Capacity - Major Storm

The allowable street capacity for the major storm is
calculated using the Manning’s formula by first dividing the
street cross section into the pavement area and
sidewalk/grass area and then computing the individual flow
confributions. The capacity is subject to the limitations set
forth in the Policy Section 3.4.4. The maximum allowable
depth at the gutteris 10-inches (Section 3.4.4). For non-
symmetrical streets, street capacity calculations shall be
submitted to the City at critical locations. This computed
street capacity must never exceed the allowable street
capacity presented in this HYDROLOGY MANUAL.



11.1 INTRODUCTION

A culvert is defined as a conduit for the surface drainage water
under the highway, railroad, canal, or other embankment
(except detention outlets). Culverts may be consfructed with
many shapes and materials. Pipe is available in round,
elliptical, or arch cross sections, in sizes ranging in a broad
range of diameters and cross sections.

Reinforced Concrete Box Culverts (RCBC) can be constructed
with generally any rectangular cross section, the only limitations
being the physical site constraints and the structural
requirements. Precast box culverts are also available in several
standard dimensions.

11.2 CULVERT DESIGN STANDARDS
11.2.1 Construction Material and Pipe Size

Within the City, culverts shall be constructed from concrete,
high density polyethylene (HDPE), or corrugated metal pipe
(CMP). Corrugated metal pipe must be approved by the
Public Works Department. Other materials for construction
shall be subject to written approval by the Public Works
Director or his designee.

The minimum pipe size for culverts within a public ROW shall
be 18-inches diameter round culvert, or shall have a
minimum cross sectional area of 1.6 ft2 for arch shapes.
Roadside ditch culverts for driveways shall be 15-inches
diameter round culvert or shall have a minimum cross
sectional area of 1.1ff2.

11.2.2 Inlet and Outlet Configuration

Within the City, all culverts are to be designed with headwalls
and wingwalls, or with flared-end sections at the inlet and
outlet. Flared-end sections are only allowed on pipes with
diameters of 42-inches (or equivalent) or less. No multiple
barrel installations will be allowed unless specifically
authorized in writing.

Headwalls, wingwalls, and flared-end sections should be
designed and consfructed to use the existing land forms of
the site and blend with the natural landscape. Naturally
occurring stone or river rock used as a cover material is
preferred.

Additional orotection in the form of rioran will also be

11.2.3 Hydraulic Data

When evaluating the capacity of a culvert, the following
data shall be used:

Roughness Coefficient - Table-802
Entrance Loss Coefficient - Table-1101

11.2.4 Velocity Considerations

In design of culverts, both the minimum and maximum
velocities must be considered. A minimum velocity of flow
is required to assure a self-cleansing condition of the
culvert. A minimum velocity in the culvert of 3-fps at the
outlet is recommended.

The maximum velocity is dictated by the channel
conditions at the outlet. If the outlet velocities are less than
7-fps for grassed channels, then the minimum amount of
protection is required due o the eddy currents generated
by the flow transition. Higher outlet velocities will require
substantially more protection. A maximum outlet velocity
of 15-fps is recommended with erosion protection. If the
culvert outlet velocity is greater than 15-fps, an energy
dissipater will be required. Refer to Section-12.2 and -12.3
for protection requirements at culvert outlet.

11.2.5 Headwater Considerations

The maximum headwater for the 100-year design flows
shall be 1.5 times the culvert diameter, or 1.5 times the
culvert rise dimension for shapes other than round. Also,
the headwater depth may be limited by the street
overtopping policy in Section 3.4.4.

11.2.6 Structural Design

As a minimum, all culverts shall be designed to withstand
an HS-20 loading (unless designated differently by the City)
in accordance with the design procedures of AASHTO,
“Standard Specifications for Highway Bridges”, and with
the pipe manufacturer's recommendation.

11.2.7 Trashracks

Trashracks may be required at the entrance of culverts for
some installations as designated by the City. Installation of
trashracks prevents debris from entfering culverts. The
culverts are protected from blockage since the debris
accumulates at the trashracks. This centralized collection
point allows routine cleaning of frashracks and hauling
away of debris, which further protects culverts from
blockage during flood events. In the event that someone
is trapped in a channel during flood flows, a trashrack will
enable the individual to climb to safety and not be swept
info the culvert.



The following criteria shall be used for design of frashracks
for storm drainage applications:

1.

where:

Materials

All frashracks shall be constructed with smooth
steel pipe with a minimum 1.25 inches outside
diameter. The trashrack ends and bracing should
be constructed with steel angle sections. All
frashrack components shall have a corrosion
protective finish.

Trashrack Design

The trashracks shall be constructed without cross-
braces (if possible) in order to minimize debris
clogging. The trashrack shall be designed to
withstand the full hydraulic load of a completely
plugged trashrack based on the highest
anticipated depth of ponding at the trashrack.
The trashrack shall also be hinged and
removable for maintenance purposes.

Bar Spacing
The steel pipe bars shall be spaced with a

maximum clear opening of six inches. In addition,

the entire rack shall have a minimum clear
opening area (normal to the rack) at the design
flow depth of four times the culvert opening
area.

Trashrack Slope

The frashrack shall have a longitudinal slope of
no steeper than 3 horizontal to 1 vertical and 4
horizontal to one vertical is desirable.

Hydraulics

Hydraulic losses through trashracks shall be
computed using the following equation:
Hi=0.11 (TV/D)2 (Sin A) (Equation 1101)
Hi = Head Loss through Trashrack (feet)

T = Thickness of Trashrack Bar (inches)

V = Velocity Normal to Trashrack (fps)

D = Center-to-Center Spacing of Bars (in)

A = Angle of Inclination of Rack with
Horizontal

This equation shall apply to all racks constructed
normal to the approach flow direction. The
velocity normal to the trashrack shall be
computed considering the rack to be 50 percent
plugged.

11.4 CULVERT SIZING CRITERIA

The sizing of a culvert is dependent upon two factors, the
drainage classification (i.e. Type-A, Type-B or Type-C) and the
allowable street overtopping. The allowable street overtopping
for the various street classifications set forth in Section-3.4.4. In
addifion to this policy, a criteria requiring that no street
overtopping occur for a 10-year frequency storm has been
established. Therefore, as a minimum design standard for street
crossings, the following procedure shall be used:

Using the future developed conditions 100-year runoff, the
allowable street overtopping shall be determined from
overflow rating curves developed from the street profile
crossing the waterway.

The culvert is then sized for the difference between the 100-
year runoff and the allowable overtopping.

If the resulting culvert is smaller than that required to pass the
10-year flood peak without overtopping, the culvert shall be
increased in size to pass the 10-year flow.

The criteria is considered a minimum design standard and must
be modified where other factors are considered more
important. For instance, if the procedure still results in certain
structures remaining in the 100-year floodplain, the design
frequency may be increased fo lower the floodplain elevation.
Also, if only a small increase in culvert size is required to prevent
overtopping, then the larger culvert is recommended.

11.5 CHECKLIST

To aid the designer and reviewer, the following checklist has
been prepared:

1. Minimum culvert size within the public ROW is
18-inch diameter round or equivalent for other
shapes.

2. Minimum culvert size for roadside ditches at
driveways is 15-inch diameter round or
equivalent for other shapes.

3. Headwalls, wingwalls, or flared end sections
required for all culverts.

4. Check outlet velocity and provide adequate
protection.

5. Check maximum headwater for design
condition.

6. Check structural requirements.



Table 1101: HYDRAULIC DATA FOR CULVERTS

(D) Culvert Entrance Losses

Type of Entrance Entrance Coefficient, Ke
Pipe
Headwall
Grooved edge 0.20
Rounded edge (0.15D radius) 0.15
Rounded edge (0.25D radius) 0.10
Squared edge (cut concrete of CMP) 0.40
Headwall and 45 degree Wingwall
Grooved edge 0.20
Square edge 0.35
Projecting Entrance
Grooved edge (RCP) 0.30
Square edge (RCP) 0.50
Sharp edge, thin wall (RCP) 0.90
Sloping Entrance
Mitered to conform to slope 0.70
Flared-end Section 0.50

Box, Reinforced Concrete

Headwall Parallel to Embankment (no wingwalls)

Square edge on three edges 0.50

Rounded on three edges to radius of 1/2 barrel dimension 0.20
Wingwalls at 30 to 75 to barrel

Square edge at crown 0.40

Crown edge rounded to radius of 1/2 barrel dimension 0.20
Wingwalls at 10 to 30 to Barrel

Square edge at crown 0.50
Wingwalls Parallel (extension of sides)

Square edge at crown 0.70
NOTE: The entrance loss coefficients are used to evaluate the culvert or sewer capacity operating under outlet control.



12.1 EROSION CONTROL

Hydraulic structures are used in storm drainage work to
control the flow of the runoff. The energy associated with
flowing water has the potential to create damage to the
drainage works, especially in the form of erosion. Hydraulic
structures, which include riprap, energy dissipaters, check
structures, bridges, and irrigation ditch crossings, all control
the energy and minimize the damage potential of storm
runoff. All hydraulic structures should be designed and
constructed to appear as natural land forms with natural
colors.

12.2 RIPRAP

The design of the riprap protection for culverts, channel
bottom and banks, check drips, bridges, gabions or other
areas subject to erosion, shall be in accordance with Section
7.3.6.3 of these HYDROLOGY MANUAL. The design and
installation of riprap must also meet the requirements stated
in the Washington City BMP Manual.

12.3 VELOCITY DISSIPATERS

Where riprap structures are insufficient or uneconomical fo
control the storm runoff, concrete velocity dissipater
structures (stilling basins) shall be provided.

The design and installation of velocity dissipaters must also
meet the requirements stated in the Washington City BMP
Manual. Velocity dissipaters will be required whenever a
channel is not concrete lined or the velocity is greater than
the allowable velocity for arip rap lined channel.

12.4 CHECK STRUCTURES

As discussed in chapter, “Open Channels”, there is a
maximum permissible velocity for major design storm runoff in
grass lined channels. One of the more common methods of
controlling the flow velocity is fo reduce the channel invert
slope, which requires a check drop to make up for the
elevation difference occurring when the channel slope is
reduce.

12.5 BRIDGES

The hydraulic design of bridges within the City shall allow for
the 100-year flow to pass through the bridge with no
overtopping. Foundations must be constructed below the
100-year scour depth and all supports must be armored to
withstand the forces of a 100-year flow's velocity. Where
ever possible, the sizing of the armoring should be increased
to the next size above design size to account for the

turbulence and unpredictability of flow around bridges.
12.6 IRRIGATION DITCH CROSSINGS

Any proposed development in the vicinity of the ditches or
canals that crosses or utilizes the canal for surface drainage or
proposes to make any modifications to the existing fopography
which alters and/or affects water quality and drainage
patterns to the ditch shall have the plans approved by the
ditch company prior to approval by the City.



13.1 INTRODUCTION

The criteria presented in this section shall be used in the design
and evaluation of all detention facilities. The review of all
planning submittals (refer to Chapter 2) will be based on the
criteria presented in this section.

The main purpose of a detention facility is to store the excess
storm runoff associated with increased basin imperviousness
and discharge this excess at a rate similar to the rate
experienced from the basin without development. The value of
such detention facilities is discussed in Section 3.3.6. Any special
design conditions which cannot be defined by this
HYDROLOGY MANUAL shall be reviewed by the Public Works
Department before proceeding with design.

Dams and water diversion/detention areas should be designed
and constructed to appear as natural features, creating site
amenities. Techniques to achieve this include creation of
topographic changes that mimic natural conditions (including
a variety of slope changes), using natural materials such as
stone, blending with the textures and patterns of the
surrounding landscape, and using materials that match the
local environment. Preserve existing drainage patterns
whenever possible.

13.2 DETENTION METHODS

The various detention methods are defined on the basis of
where the facility is constructed, such as open space
detention, parking lot or underground.

13.3 DESIGN CRITERIA

13.3.1 Volume and Release Rates

The minimum required volume shall be determined using the
following equations. The equations are based on a
computer modeling study and represent average conditions.
One of the most difficult aspects of storm drainage is
obtaining consistent results between various methods for
estimating detention requirements. These equations will
provide consistent and more effective approaches to the
sizing of onsite detention ponds. For larger water sheds (i.e.
90+ acres), hydrograph routing procedures will be permitted
in the design of these ponds, provided the historic
imperviousness of two percent or less is used.

Minimum Detention Volume:
V =KA (Equation 1301)
For the 100-year,

Kioo = (1.78 | - 0.002[l]2 - 3.56)/1000 (Equation 1302)

For the 10-year,

Kio = (0.951 - 1.90)/1000 (Equation 1303)

Where V =required volume for the 100-year or 10-year
storm (acre-feet)

| = Developed basin imperviousness (%)
A = Tributary area (Acres)

The maximum release shall not exceed the peak discharge
rate experienced in the pre-developed condifion. The outlet
structure should be a staged outlet design allowing a greater
amount of water to escape as the elevation inside the pond
increases. In the situation where redevelopment of a parcel
of ground results in a lower peak flow than the previous land
use type and no storm drain infrastructure is existing the pre-
developed conditions should be modeled using native land
conditions.

13.3.2 Design Frequency

All detention facilities are to be designed for the 10- and 100-
year recurrence interval flood. The detention volume is
based on equation 1301 and the 100- and 10-year release
rates are determined from equations 1302 and 1303. An
emergency spillway must be provided to discharge twice
the 100-year undetained peak flow.

13.3.3 Hydraulic Design

Hydraulic design data for sizing of detention facilities outlet
works is as follows:



13.3.4 Weir flow

The general form of the equation for horizontal crested
weirs is:

Q = CLH?32 (Equation 1304)

where: Q = discharge (cfs)
C = weir coefficient (Table 1301)
L = horizontal length (feet)
H = total energy head (feet)

Another common weir is the v-notch, whose equation is as
follows:

Q = 2.5 tan(R/2)H%2 (Equation 1305)

where: R = angle of the notch at the apex (degrees)

When designing or evaluating weir flow, the effects of
submergence must be considered. A single check on
submergence can be made by comparing the tailwater
to the headwater depth.

13.3.5 Orifice Flow

The equation governing the orifice opening and plate is
the orifice flow equation:
Q = CuA (2gh)1/2 (Equation 1306)
where:  Q = Flow (cfs)
Ca = Orifice coefficient
A = Area (ff2)
g = gravitational constant = 32.2 ft/sec?

h = Head on orifice measured from
centerline of orifice (ft)

An orifice coefficient (Ca) value of 0.65 shall be used for
sizing of square edged orifice openings and plates.

13.4 DESIGN STANDARDS FOR OPEN SPACE DETENTION
13.4.1 State Engineer’s Office

Any dam constructed for the purpose of storing water,
with a surface area, volume, or dam height as specified in
Utah Statue as amended, shall require the approval of the
plans by the State Engineer’s Office. All detention storage
areas shall be designed and constfructed in accordance
with this HYDROLOGY MANUAL. Those facilities subject to
state statutes shall be designed and constructed in
accordance with the criteria of the state.

When stormwater is stored temporarily behind road or
railroad embankments, it is termed inadvertent detention.
Inadvertent detention is acceptable provided the
embankment (road or railroad) can be shown fo resist
lateral forces and no permanent water storage is
proposed. A permanent pool is allowable if excavated

below the toe of the embankment and water rights are
satisfied. The outlet structure must be free flowing with no
gates or control structures.

13.4.2 Grading Requirements

Slopes on earthen embankments 5-feet in height or less shall
not be steeper than 4 (horizontal) to 1 (vertical). For
embankment heights between 5-feet and 10-feet, the slopes
shall not be steeper than 3 (horizontal) and 1 (vertical), but
horizontal slope distance shall not be less than 20-feet. For
embankments greater than 10-feet in height, the slopes shall
be such to maintain slope stability, but horizontal slope
distance shall not be less than 30-feet. Contact the Public
Works Department for additional requirements. All earthen
slopes shall be covered with topsoil and revegetated with
grass. Slopes on rip rapped earthen embankments shall not
be steeper than 3 (horizontal) to 1 (vertical). For grassed
detention facilities, the minimum bottom slope shall be 2.0
percent measured perpendicular to the trickle channel.

13.4.3 Freeboard Requirements

The minimum required freeboard for open space detention
facilities is 1.0 feet above the computed 100-year water
surface elevation.

13.4.4 Outlet Configuration

Presented on Figure-13.1 is an example for a detention pond
outlet configuration. The confrol for the 10-year discharge
shall be at the bottom of the outlet structure as defined on
Figure-13.1. Other outlet configurations will be allowed
provided they meet the requirements of the permitted
release rate at the required volume and include proper
provisions for maintenance and reliability.

The outlet shall be designed to minimize unauthorized
modifications which effect proper function. A sign with a
minimum area of 0.75 square feet shall be attached to the
outlet or posted nearby with the following message:

WARNING
Unauthorized modification of
this outlet is a code violation.

The difference between the 100-year discharge and the
surcharged discharge on the 10-year outlet is released by an
overflow weir, spillway or pipe. If by a depressed inlet with a
headwall and trashrack, depression of the inlet is required to
reduce nuisance backup of flow info the pond during frickle
flows. The maximum trashrack opening dimension shall be
equal fo the minimum opening in the orifice plant.

A Type 2 outlet consists of a drop inlet with an orifice
conftrolled inlet for the 10-year discharge and a crest
overflow and pipe inlet control for the 100-year discharge.
The confrol for the 10-year discharge occurs at the orifice
opening for the head as shown on the figure. The confrol for
the 100-year discharge occurs at the throat of the outlet
pipe as shown on the figure. However, the difference
between the 100-year and 10-year discharge must pass over
the weir and therefore the weir must be of adequate length.
The effective weir length (L) occurs for three sides of the box..
To ensure the 10-year control occurs at the throat of the



outlet pipe, a 50 percent increase in the required weir
length is required. In addition, the outlet pipe must have
an adequate slope to ensure throat control.

13.4.5 Embankment Protection

Whenever a detention pond uses an embankment to
contain water, the embankment shall be protected from
catastrophic failure due to overtopping. Overtopping can
occur when the pond outlets become obstructed or when
a larger than 100-year storm occurs. Failure protection for
the embankment may be provided in the form of a buried
heavy riprap layer on the entire downstream face of the
embankment or a separate emergency spillway having a
minimum capacity of twice the maximum release rate for
the 100-year storm. Structures shall not be permitted in the
path of the emergency spillway or overflow. The invert of
the emergency spillway should be set equal to or above
the 100-year water surface elevation.

13.4.6 Vegetation Requirements

All open space detention ponds shall be revegetated by
either irigated sod or natural dry-land grasses.

13.5 DESIGN STANDARDS FOR PARKING LOT DETENTION
The requirements for parking lot detention are as follows:
13.5.1 Depth Limitation

The maximum allowable design depth of the ponding for
the 100-year flood is 18-inches.

13.5.2 Outlet Configuration

The minimum pipe size for the outlet is 18-inch diameter
where a drop inlet is used to discharge to a storm sewer or
drainageway. Where a weir and a small diameter outlet
through a curb are used, the size and shape are
dependent on the discharge/storage requirements. A
minimum pipe size of 4-inch diameter is recommended.

13.5.3 Performance

To assure that the detention facility performs as designed,
maintenance access shall be provided in accordance
with Section 3.3.7. The outlet shall be designed to minimize
unauthorized modifications which effect function. Any
repaving of the parking lot shall be evaluated for impact
on volume and release rates and is subject to approval by
Public Works Department. A sign shall be attached or
posted in accordance with Section 13.4.5.

13.5.4 Flood Hazard Warning

All parking lot detention areas shall gave a minimum of
two signs posted identifying the detention pond area. The
signs shall have a minimum area of 1.5 square feet and
containing the following message:

WARNING
This area is a detention pond and is subject
to periodic flooding to a depth of (provide design depth).

Any suitable materials and geometry of the sign are
permissible, subject to approval by the Public Works
Department.

13.6 DESIGN STANDARDS FOR UNDERGROUND DETENTION

The requirements of underground detention are as follows:

13.6.1 Materials

Underground detention shall be constructed using
corrugated aluminum pipe (CAP), high density polyethylene
(HDPE), or reinforced concrete pipe (RCP). The pipe
thickness, cover, bedding, and backfill shall be designed to
withstand HS-20 loading or as required by the City.

13.6.2 Configuration

Pipe segments shall be sufficient in number, diameter, and
length to provide the required minimum storage volume for
the 100-year design. The minimum diameter of the pipe
segments shall be 3é-inches.

The pipe segments shall be placed side by side and
connected at both ends by elbow fee fittings and across the
fitting at the outlet (see Figure-13.2). The pipe segments shall
be continuously sloped at a minimum of 0.25% to the outlet.
Manholes for maintenance access (see Section-13.6.4) shall
be placed in the tee fittings and in the straight segments of
the pipe, when required.

Permanent buildings or structures shall not be placed directly
above the underground detention.

13.6.3 Inlet and Outlet Design

The outlet from the detention shall consist of a short
(maximum 25 ft.) length(s) of CAP, HDPE, or RCP with an 18-
inch minimum diameter. A two-pipe outlet may be required
to control both design frequencies. The invert of the lowest
outlet pipe shall be set at the lowest point in the detention
pipes. The outlet pipe(s) shall discharge into a standard
manhole or info a drainageway with erosion profection
provided per Sections 11.3.2, 12.2, and 12.3. If an orifice plate
is required to control the release rates, the plate(s) shall be
hinged to open into the detention pipes to facilitate back
flushing of the outlet pipe(s)..

13.6.4 Maintenance Access

Access easements to the detention site shall be provided in
accordance with Section 3.3.7. To facilitate cleaning of the
pipe segments, 3-feet diameter maintenance access ports
shall be placed according to the following schedule:



Maintenance Access Requirements

Detention Pipe Size Maximum Spacing Minimum Frequency
36" to 54" 150' Every Pipe Segment
60" to 66" 200' Every Other Pipe Segment
>66" 200 One at each end of the battery of pipes
Table 1301 Weir Flow Coefficients
Shape | Coefficient | Comments
Sharp Crested (H in Feet)
Projection Ratio (H/P = 0.4) 3.0 H<1.0 H = the water level

elevation with respect to

Projection Ratio (H/P = 2.0) 0.0 H>1.0 the top of the weir.
Broad Crested

w/Sharp Upstream Corner 2.6 Minimum Value

w/Rounded Upstream Corner 3.1 Critical Depth

Triangular Section
A) Vertical Upstream Slope

1:1 Downstream Slope 3.8 H>0.7
4:1 Downstream Slope 3.2 H>0.7
10:1 Downstream Slope 2.9 H>0.7

B) 1:1 Upstream Slope

1:1 Downstream Slope 3.8 H>0.5
3:1 Downstream Slope 35 H>0.5
Trapezoidal Section
1:1 U/S Slope; 2:1 D/S Slope 34 H>1.0
2:1 U/S Slope; 2:1 D/S Slope 3.4 H>1.0
13.7 DESIGN EXAMPLES =0.0883
Example 7: Detention Design Step 2: Determine minimum required 10- and 100-year
. . ) storage volume.
Given: A basin that has the following
characteristics: 100-year
Basin Area (A) = 23 acres V = KA
Basin Imperviousness (I) = 55% =0.0883 x 23
Predominate Soil Group = D = 2.03 acre-feet (88,500 f13)
Required: 100- and 10-year storage volume and 10-year
release rate.
) V =KA
Solution:
=0.504 x 23
Step 1: Determine Kio and Kioeo using Equations 1302
and 1303. = 1.16 acre-feet (50,500 ff3)
Ko = (0.951 - 1.90)/1000 Step 3: Determine maximum allowed 10- and 100-year

P release rate.

Qio=0.3A
Kioo = (1.78 1 - 0.002(1)2 - 3.56)/1000



=0.30x 23
=6.9 cfs
Qio0 = 1.00A =1.00x23

=23 cfs

Example 8:  Detention Outlet Structure Design

Given: Detention pond with the following characteristics
(see Example 7)

-Maximum 100-year peak release rate = 23.0 cfs
-Maximum 10-year release rate = 6.9 cfs

-Outlet Structure (refer to Figure-13.1)

-10-year water surface elevation = 103.0
-100-year water surface elevation = 105.0
-100-year outlet pipe invert elevation = 100.0
-10-year outlet orifice invert elevation = 100.0
-18-inch diameter outlet pipe

Required: 10-year and 100-year outlet sizing
Solution: (see Figure-13.2)
Step 1: Determine 10-year orifice opening size,

depth to centerline of orifice = 2.5 feet
A =Q/(Cuq (2gh)'/2) (rearranged Equation 1303)
=6.9/(0.65 (2%(32.2)(2.5))'72)
=0.84 ft2
Step 2: Determine 10-year orifice diameter
Diameter = (4A/f)172
= (4(0.84)/f)12
= 1.0 feet (12-inches)

Therefore, an orifice opening with a 12-inch diameter hole
is required at the entrance to the outlet box.

Step 3: Determine discharge through 10-year outlet
for 100-year headwater (h - 4.5 feet).
Q =CdA (2gh)1/2 (Equation 1303)

= 0.65(0.84) (2(32.2)(4.5))1”2

=93cfs
Step 4: Defermine discharge for sizing of 100-year
weir
Quer = Q100 - Q (from Step 3)
=23.0-9.3

=13.7 cfs (for sizing weir only)

Step 5: Size orifice area for 100-year outlet (18" RCP, h
= 4.25 feet)

A =Q/Cd(2gh)”?) (Equation 1303)
= 23.0/(0.65*2%(32.2)(4.25))1/2)
=2.14ff2
Step 6: Determine 100-year orifice diameter
Diameter = (4A /)12
= (((4) (2.14)/m) 2

=1.65 feet = 20 inches

Since orifice diameter is approximately equal to the pipe
diameter (within 15%), then no orifice plate is required.

Step 7: Determine minimum box dimensions (i.e. weir length)
to assure control of the pipe inlet.

L = Queir/ (CH372) (Equation 1301)
C=34 (from Table 1301)
L=13.7/(3.4(2.0)%72)

L =1.4 feet - Required Length = 1.4(1.5) L=2.1"

Since required weir length is only 2.1 feet, select box

dimensions to suit consfruction and maintenance access. A

minimum size of 3’ x 3’ is recommended.

Step 8: Check minimum size for 10-year trashrack total
open areaq.

Min. area = 9 x 10-year orifice area (from Figure 1302)
=9x0.84

Min. Area = 7.56 ft2

13.8 CHECKLIST

To aid the designer and reviewer, the following checklist has
been prepared:

1. Earth slopes are to be 4:1 or flatter.

2. Minimum freeboard of 1 foot above 100-year detention
level is required.

3. Open space detention areas to include trickle channels.

4. Protect embankment for overtopping condition by
adding riprap.

5. Provide trashracks at all outlet structures.
6. Provide signs as required.

7. Provide maintenance access.
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Owner: Reviewer: Bob Butler
Contactor: Date:
Project: Review No:

Cover Sheet

[JYes [JINo 1. Project Name

[lYes [JNo 2. Project Address

[lYes [JNo 3. Owner Address

[lYes [JNo 4. Design firm’s name and address

[lYes [JNo 5. Plan Sheet Index

[1Yes [JNo 6. Designers Signature Block

[lYes [JNo 7. The following note:
The Grading Plan included herein has been placed in the Washington City
file for this project and appears to fulfill applicable Washington City
Grading Criteria. Additional grading, erosion and sediment control
measures may be required of the permitee(s) due to unforeseen erosion
problems or if the submitted plan does not function as intended. The
Requirements of this plan shall run with the land and be the obligation of
the permitee(s), until such time as the plan is properly completed, modified
or voided.

[ Yes 1 No 8. Grading Plan Designer’s signature block with name, date, and Professional
Engineer registration number. Signature block shall include the following
note:

The Grading Plan included herein has been prepared under my direct
supervision in accordance with the requirements of the Grading Manual of
Washington City.
[lyes [INo 9. City acceptance block
[lYyes [INo 10. General location map at a scale of 1:1000-8000 feet indicating
e General vicinity of the site location
e Major road names
e North arrow and scale

Grading Drawing Index Sheet

For projects that require multiple plan-view sheets to adequately show the project area (based on the
specified scale ranges), a single plan-view sheet shall be provided at a scale appropriate to show the entire
site on one sheet. Areas of coverage of the multiple blow-up sheets are to be indicated as rectangles on the
index sheet.
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This plan sheet shall provide grading, erosion and sediment controls for the initial clearing, grubbing and
grading of a project. Ata minimum, it shall contain:

[]Yes
[]Yes
[ ]Yes
[ ]Yes

[ ]Yes
[ ]Yes

] Yes
[ ]Yes
[ ]Yes
[ ]Yes
[ ]Yes
[ ]Yes
] Yes

[ ]Yes
[ ]Yes

[]No
[]No
[ ]No
[ ]No

[ ]No
[ ]No

] No
[ ]No
[ ]No
[ ]No
[ ]No
[ ]No
] No

[ ]No
[ ]No

1.
2.
3.

o

7.

8.

9.

10.
11.

12.

13.

14.
15.

INTERIM GESC PLAN
This plan sheet shows BMPs to control grading, erosion and sediment during the initial overlot grading, site
construction and site revegetation process. At a minimum, it shall contain the following information:

[]Yes

[ ]Yes

] No

[ ]No

Property lines

Existing and proposed easements

Existing topography at one- or two-foot contour intervals, extending a
minimum of 100 feet beyond the property line

Location of any existing structures or hydrologic features within the
mapping limits

USGS Benchmark used for project

Limits of construction encompassing all areas of work, access points,
storage and staging areas, borrow areas, stockpiles, and utility tie-in
locations in on-site and off-site locations. Stream corridors and other
resource areas to be preserved and all other areas outside the limits of
construction shall be lightly shaded to clearly show area not to be
disturbed

Location of stockpiles, including topsoil, imported aggregates, and excess
material

Location of storage and staging areas for equipment, fuel, lubricant,
chemical (and other materials) and waste storage

Location of borrow or disposal areas

Location of temporary roads

Location, map symbol, and letter callouts of all initial erosion and
sediment control BMPs

Information to be specified for each BMP, such as type and dimensions, as
called for in the Standard Notes and Details

The following note:

See Washington City Standard Notes and Details for Legend of BMP
Names and Symbols

Washington City approval block

Other information as may be reasonably required by Washington City

The Interim Grading Plan shall show all the information included on the
Initial Grading Plan, as noted below:

Existing topography at one- or two-foot contour intervals extending a
minimum of 100 feet beyond the property line, as shown on Initial
Grading Plan. These contours shall be screened.

Location of all existing erosion and sediment control measures on site, as
shown on the Initial Grading Plan Sheet. These control measures shall be
screened. Dimension information for intital stage BMPs shall not be
shown
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g
[lyes [INo 3. Items 1, 2, and 4 through 10 from the Initial Grading Plan (see Section
3.17.3)
In addition, the Interim Grading Plan shall include the following:
[lyes [INo 4. Proposed topography at one- or two-foot contour intervals, showing
elevations, dimensions, locations, and slope of all proposed grading
[l]Yes [JNo 5. Outlines of cut and fill areas
[ ]Yes [ ]No 6. Location of all interim erosion and sediment controls, designed in

conjunction with the proposed site topography, but also considering the
controls designed for the existing  topography.

[ Yes 1 No 7. Locations of all buildings, drainage features and facilities, paved areas,
retaining walls, cribbing, water quality facilities, or other permanent
features to be constructed in connection with, or as a part of, the proposed
work, per approved plat, or other improvement plan

[1Yes [JNo 8. The following notes:

e See Washington City Standard Notes and Details for Legend of
BMP Names and Symbols.

e Shaded BMPs were installed in initital stage and shall be left in
place in interim stage.

e All interim BMPs, including seeding and mulching of disturbed
areas, must be completed prior to any curb and gutter.

e See construction plans for details of permanent drainage facilites
such as detention facilitites, culverts, storm drains, and inlet and
outlet protection.

[lYes [JNo o9 Summary of cut and fill volumes

[lYes [INo 10. Washington City acceptance block

[ Yes 1 No 11. Other information or data as may be reasonably required by Washington
City

Final Grading Plan.
This plan sheet shows controls for final completion of the site. At a minimum, this plan sheet shall contain
the indicated information.

The Final Grading Plan shall include all information shown on the Initial and Interim Plans, as noted
below:

[ Yes [1No Existing topography in areas of proposed contours need not be shown
[lYes [INo 2 Existing Initial and Interim BMPs shall be shown, (screened). Dimension
information shall not be shown.
In addition, the following information shall be shown:

=

[ ]Yes [ ]No 3. Directional flow arrows on all drainage features

[ Yes 1 No 4, Any Initial or Interim BMPs that are to be removed and any resulting
disturbed area to be stabilized

[lYes [INo 5. Location of all Final erosion and sediment control BMPs (including

seeding and mulching of any areas not stabilized in the Interim Plan),
permanent landscaping, and measures necessary to minimize the
movement of sediment off site until permanent post-construction controls
can be established
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[ Yes 1 No 6. Show area of buildings, pavement, sod, and permanent landscaping (define
types) per accepted plat, or other improvement plan
[lYes [INo 7. Show seeding and mulching (SM) or other post-construction control

everywhere except buildings and pavement areas.

[ClYes [INo Show other BMPs considered by the designer to be appropriate

[ ]Yes [ ]No 9. Show the following BMPs to be removed prior to end of construction:
Indicate dewatering (DW) to be removed.
Indicate temporary stream crossings (TSC) to be removed.
Indicate stabilized staging area (SSA) to be removed.
Indicate street inlet protection (IP) to be removed.
Indicate vehicle tracking control (VTC) to be removed.
Indicate construction fence (CF) to be removed.

[JYes [JNo 10. The following notes:

e See Washington City Standard Notes and Details for Legend of
BMP Names and Symbols.

e Shaded BMPs were installed in initital or interim grading stage
and unless otherwise indicated, shall be left in place until post-
construction controls are approved by Washington City..

e  See construction plans for details of permanent drainage facilites
such as detention facilitites, culverts, storm drains, and inlet and
outlet protection.

©

[ Yes [1No 10. Washington City acceptance block
[ Yes 1 No 11. Other information or data as may be reasonably required by Washington
City
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REVIEWER: Bob Butler
DATE:
REVIEW NO:

The narrative report shall contain the following:

[ ]Yes

[ ]Yes

[]Yes

[ ]Yes

[ ]Yes

[]Yes

[ ]Yes

[ ]Yes

[]Yes

[ ]Yes
[ ]Yes
[ ]Yes

[ ]No

[ ]No

] No

[ ]No

[ ]No

] No

[ ]No

[ ]No

] No

[ ]No
[ ]No
[ ]No

1.

10.

11.

12.

Name, address, and telephone number of the applicants —

The name, address, and telephone number of the Professional Engineer
preparing (or supervising the preparation of) the Grading Plan shall also be
included, if different from the Applicants.

Project description — A brief description of the nature and purpose of the
land-disturbing activity, the total area of the site, the area of disturbance
involved, and project location including township, range, section and
quarter- section, or the latitude and longitude, of the approximate center of
the project.

Existing site conditions — A description of the existing topography,
vegetation, and drainage; a description of any wetlands on the site; and
any other unique features of the property.

Adjacent areas — A description of neighboring areas such as streams,
lakes, residential areas, roads, etc., which might be affected by the land
disturbance.

Soils — A brief description of the soils on the site including information on
soil type and names, mapping unit, erodibility, permeability, hydrologic
soil group, depth, texture, and soil structure (this information may be
obtained from the soil report for the site or the applicable Soil Survey
prepared by the Natural Resources Conservation Service).

Areas and VVolumes — An estimate of the quantity (in cubic yards) of
excavation and fill involved (indicating a balance onsite), and the surface
area (in acres) of the proposed disturbance.

Erosion and sedimentcontrol measures — A description of the methods
presented in the Grading Manual that will be used to control erosion and
sediment on the site.

Timing/Phasing schedule — A schedule indicating the anticipated starting
and completion time periods of the site grading and/or construction
sequence, including the installation and removal of erosion and sediment
control BMPs. Indicate the anticipated starting and completion time
periods of individual project phases.

Permanent stabilization — A brief description, including applicable
specifications, of how the site will be stabilized after construction is
completed.

Stormwater management considerations — Explain how stormwater runoff
from and through the site will be handled during construction.
Maintenance — Any special maintenance requirements over and above
what is identified in the standard notes and details.

Opinion of probable cost for installation and maintenance of controls — An
opinion of probable costs for erosion and sediment control, including
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anticipated maintenance during the construction phase, shall be submitted
with the Grading Plan. This will be reviewed by City staff and used as a
basis for fiscal security.

Calculations — Any calculations made for the design of such items as
sediment basins or erosion control blanket selection.

Other information or data — As may be reasonably required by Washington
City.

The following note — “This Grading Plan has been placed in the
Washington City file for this project and appears to fulfill the applicable
Washington City Grading Criteria. | understand that additional grading,
erosion and sediment control measures may be required of the Permittees,
due to unforeseen erosion problems or if the submitted plan does not
function as intended. The requirements of this plan shall run with the land
and be the obligation of the Permittees until such time as the plan is
properly completed, modified or voided.”

Signature Page For Permittees acknowledging the review and acceptance
of responsibility, and a statement by the Professional Engineer
acknowledging responsibility for the preparation of the GESC Plan.
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CALL BEFORE YOU DIG!

AT LEAST TW0 WORKING
DAYS BEFORE YOU DIG CALL:
1-800-662-4111

NOTICE!

EXISTING UTILITIES ARE SHOWN ON PLANS FOR THE
CONVENIENCE OF THE CONTRACTOR ONLY. THE CONTRACTOR
IS RESPONSIBLE FOR THE LOCATION AND PROTECTION OF ALL
UTILITIES. THE ENGINEER BEARS NO RESPONSIBILITY FOR
UTILITIES NOT SHOWN OR SHOWN INCORRECTLY.

THE GRADING PLAN INCLUDED HEREIN HAS BEEN PLACED IN THE WASHINGTON CITY FILE
FOR THIS PROJECT AND APPEARS TO FULFILL APPLICABLE WASHINGTON CITY GRADING
CRITERIA. ADDITIONAL GRADING MEASURES MAY BE REQUIRED OF THE OWNER OR HIS/HER
AGENTS DUE TO UNFORESEEN EROSION PROBLEMS OR IF THE SUBMITTED PLAN DOES NOT
FUNCTION AS INTENDED. THE REQUIREMENTS OF THIS PLAN SHALL RUN WITH THE LAND AND
SHALL BE THE OBLIGATION OF THE LANDOWNER, OR HIS/HER DESIGNATED REPRESENTATIVE,
UNTIL SUCH TIME AS THE PLAN IS PROPERLY COMPLETED, MODIFIED OR VOIDED.

THE GRADING PLAN INCLUDED HEREIN HAS BEEN PREPARED UNDER MY DIRECT SUPERVISION IN
ACCORDANCE WITH THE REQUIREMENTS OF THE WASHINGTON CITY GRADING MANUAL .

GRADING PLANS PREPARED BY:
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PROJECT LOCATION: SOUTHWEST QUARTER OF SECTION 25
TOWNSHIP 42 SOUTH, RANGE 14 WEST, SALT LAKE BASE &
MERIDIAN, WASHINGTON COUNTY, UTAH.
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1.) SEE COVER SHEET OF WASHINGTON CITY
I STANDARD NOTES AND DETAILS (SHEET 1 OF
Il 14) FOR LEGEND OF BMP NAMES AND

Il SYMBOLS.
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"l 6.) SEE CONSTRUCTION PLANS FOR DETAILS OF
| PERMANENT DRAINAGE FACILITIES SUCH AS

!~ DETENTION FACILITIES, CULVERTS, STORM

/I DRAINS, AND INLET AND OUTLET PROTECTION.

7.) CONTROL POINTS NO. 1: 3" BRASS CAP ON
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ELEVATION 5628.23.
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NOTES:

1.) SEE COVER SHEET OF WASHINGTON CITY
STANDARD NOTES AND DETAILS (SHEET 1 OF 14)
FOR LEGEND OF BMP NAMES AND SYMBOLS

2.) SHADED AREAS OUTSIDE LIMITS OF
CONSTRUCTION SHALL NOT BE DISTURBED.
CONSTRUCTION FENCE OR CONSTRUCTION MARKERS
TO DELINEATE LIMITS OF CONSTRUCTION SHALL BE
INSTALLED PRIOR TO ANY OTHER WORK ON SITE.

3.) CONTROL POINT NO. 1: 3” BRASS CAP ON
SOUTH CORNER OF WEST HEADWALL, USGS
ELEVATION 5628.23.
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CALL BEFORE YOU DIG!

AT LEAST TW0 WORKING
DAYS BEFORE YOU DIG CALL:
1-800-662-4111

NOTICE!
EXISTING UTILITIES ARE SHOWN ON PLANS FOR THE
CONVENIENCE OF THE CONTRACTOR ONLY. THE CONTRACTOR
IS RESPONSIBLE FOR THE LOCATION AND PROTECTION OF ALL
UTILITIES. THE ENGINEER BEARS NO RESPONSIBILITY FOR
UTILITIES NOT SHOWN OR SHOWN INCORRECTLY.

THE GRADING PLAN INCLUDED HEREIN HAS BEEN PLACED IN THE WASHINGTON CITY FILE
FOR THIS PROJECT AND APPEARS TO FULFILL APPLICABLE WASHINGTON CITY GRADING
CRITERIA. ADDITIONAL GRADING MEASURES MAY BE REQUIRED OF THE OWNER OR HIS/HER
AGENTS DUE TO UNFORESEEN EROSION PROBLEMS OR IF THE SUBMITTED PLAN DOES NOT
FUNCTION AS INTENDED. THE REQUIREMENTS OF THIS PLAN SHALL RUN WITH THE LAND AND
SHALL BE THE OBLIGATION OF THE LANDOWNER, OR HIS/HER DESIGNATED REPRESENTATIVE,
UNTIL SUCH TIME AS THE PLAN IS PROPERLY COMPLETED, MODIFIED OR VOIDED.

THE GRADING PLAN INCLUDED HEREIN HAS BEEN PREPARED UNDER MY DIRECT SUPERVISION IN
ACCORDANCE WITH THE REQUIREMENTS OF THE WASHINGTON CITY GRADING MANUAL .

GRADING PLANS PREPARED BY:
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SHEET INDEX
1 | COVER SHEET
2 | UTILITY GRADING PLAN
3 | UTILITY GRADING PLAN
4 |BMP GENERAL NOTES AND LEGEND
5-16| BMP DETAIL AND INSTALLATION/MANTAINANCE NOTES
17 | ROCK AND RIP RAP GRADATIONS

PROJECT LOCATION: SOUTHWEST QUARTER OF SECTION 25
TOWNSHIP 42 SOUTH, RANGE 14 WEST, SALT LAKE BASE &
MERIDIAN, WASHINGTON COUNTY, UTAH.
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2303 N Coral Canyon Blvd., Suite 201
Washington, Utah 84780-0577
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IMPROVEMENTS ONLY.
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CALL BEFORE YOU DIG!

AT LEAST TW0 WORKING
DAYS BEFORE YOU DIG CALL:
1-800-662-4111

NOTICE!
EXISTING UTILITIES ARE SHOWN ON PLANS FOR THE
CONVENIENCE OF THE CONTRACTOR ONLY. THE CONTRACTOR
IS RESPONSIBLE FOR THE LOCATION AND PROTECTION OF ALL
UTILITIES. THE ENGINEER BEARS NO RESPONSIBILITY FOR
UTILITIES NOT SHOWN OR SHOWN INCORRECTLY.

—————— EXISTING 2’ CONTOUR
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NOTES:
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CITY STANDARD NOTES AND DETAILS
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NAMES AND SYMBOLS.

2.) CONTROL POINT NO. 1: 3” BRASS
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2303 N Coral Canyon Blvd., Suite 201
Washington, Utah 84780-0577
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PUBLIC WORKS DEPARTMENT

CAP ON SOUTH CORNER OF WEST DATE

HEADWALL, USGS ELEVATION 5628.23.

THESE CONSTRUCTION DRAWINGS HAVE BEEN

3.) SEE CONSTRUCTION PLANS FOR Vs ORLQ{GTON CITY FOR GRADING,
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COUNTY STANDARD NOTES AND DETAILS
(SHEET 1 OF 14) FOR LEGEND OF BMP
NAMES AND  SYMBOLS.
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CONTRACT DRAWINGS FOR CONSTRUCTION OF

BUSINESS SITE A
GRADING PLAN

CALL BEFORE YOU DIG!

AT LEAST TW0 WORKING ?S) g
DAYS BEFORE YOU DIG CALL: p\N\
1-800-662-4111 &0
¢

NOTICE!
EXISTING UTILITIES ARE SHOWN ON PLANS FOR THE
CONVENIENCE OF THE CONTRACTOR ONLY. THE CONTRACTOR
IS RESPONSIBLE FOR THE LOCATION AND PROTECTION OF ALL
UTILITIES. THE ENGINEER BEARS NO RESPONSIBILITY FOR
UTILITIES NOT SHOWN OR SHOWN INCORRECTLY.
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SHEET INDEX
1 COVER SHEET
2 | SMALL SITE GRADING PLAN
3 | BMP GENERAL NOTES AND LEGEND
4—15| BMP DETAILS AND INSTALLATION/MATINANCE NOTES

16

ROCK AND RIP RAP GRADATIONS

PROJECT LOCATION: SOUTHWEST QUARTER OF SECTION 25
TOWNSHIP 42 SOUTH, RANGE 14 WEST, SALT LAKE BASE &
MERIDIAN, WASHINGTON COUNTY, UTAH.

LOCATION MAP

THE GRADING PLAN INCLUDED HEREIN HAS BEEN PLACED IN THE WASHINGTON CITY FILE
FOR THIS PROJECT AND APPEARS TO FULFILL APPLICABLE WASHINGTON CITY GRADING
CRITERIA. ADDITIONAL GRADING MEASURES MAY BE REQUIRED OF THE OWNER OR HIS/HER
AGENTS DUE TO UNFORESEEN EROSION PROBLEMS OR IF THE SUBMITTED PLAN DOES NOT
FUNCTION AS INTENDED. THE REQUIREMENTS OF THIS PLAN SHALL RUN WITH THE LAND AND
SHALL BE THE OBLIGATION OF THE LANDOWNER, OR HIS/HER DESIGNATED REPRESENTATIVE,
UNTIL SUCH TIME AS THE PLAN IS PROPERLY COMPLETED, MODIFIED OR VOIDED.

THE GRADING PLAN INCLUDED HEREIN HAS BEEN PREPARED UNDER MY DIRECT SUPERVISION IN
ACCORDANCE WITH THE REQUIREMENTS OF THE WASHINGTON CITY GRADING MANUAL .

GRADING PLANS PREPARED BY:
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GRADII:& PLAN
SMALL SITE

1.) SEE COVER WASHINGTON CITY
STANDARD NOTES AND DETAILS (SHEET

1 OF 14) FOR LEGEND OF BMP NAMES
AND  SYMBOLS. PUBLIC WORKS DEPARTMENT

2.) CONTROL POINT NO. 1: 3" BRASS DATE
CAP ON SOUTH CORNER OF WEST
HEADWALL, USGS ELEVATION 5628.23.

THESE CONSTRUCTION DRAWINGS HAVE BEEN
REVIEWED BY WASHINGTON CITY FOR GRADING,

3.) SEE CONSTRUCTION PLANS FOR IMPROVEMENTS ONLY.

DETAILS OF PERMANENT DRAINAGE
FACILITIES SUCH AS DETENTION
FACILITIES, CULVERTS, STORM DRAINAGE
AND INLET AND OUTLET PROTECTION.
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Grading Report
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Project Description

The Desert Sage Subdivision is located adjacent to Washington Dam Road on the southeast side of Shinob
Kibe. The Desert Sage Subdivision encompasses approximately 27-acres and is located in Section 24 &
25, T42S, R15W, Salt Lake Base and Meridian, Washington City, Washington County, Utah. Desert Sage
Subdivision is an industrial development and will include a combination of office, warehouse, and storage.
Due to the location and nature of the existing raw ground the entire area will be disturbed.

Existing Site Conditions

The existing site conditions of the Desert Sage Subdivision are native ground covered with sparse amounts
of desert vegetation. The average slope prior to grading is approximately 18.5%.

Existing Drainage

The existing drainage patterns on the site run through several small washes and concentrate along the north
boundary of the proposed site. The runoff flows east to an area adjacent to the Indian Knolls Subdivision.
A small portion of the proposed development drains toward Washington Dam Road.

Proposed Drainage

Drainage from the site will generally be directed to the southwest corner of the property. A small portion
of the property will drain towards Washington Dam Road. The site will feature full retention of both onsite
runoff and offsite run-on. A large retention pond will be constructed in the southwest corner of the project.
A small retention pond will be constructed adjacent to Washington Dam Road to capture runoff from the
entrance of the site.

Existing Jurisdictional Wetlands

The proposed Desert Sage Subdivision does not have jurisdictional wetlands within the project boundary.

Adjacent Areas

The area directly adjacent to the proposed Desert Sage Subdivision is currently undeveloped. The grading
of the site will not negatively affect the adjacent properties. The drainage break occurs near the east
boundary of the project. Stormwater runoff will not exit the site to the east and all onsite and offsite runoff
will be captured in a retention basin located near the west boundary of the project. Emergency access will
be provided to the property adjacent to west boundary.

Soils

The soil type existing within the proposed Desert Sage Subdivision is Badlands with a hydrologic group
designation “D”. Clay soils are not present on the site. The soils onsite are not collapsible. A report with
greater detail concerning the soils existing within the project will be prepared by an independent
geotechnical engineering firm and will be provided with the grading report. A considerable amount of rock
may exist a short depth under the surface.

Areas and Volumes

Due to the steep slopes prevalent with the Desert Sage Development a significant amount of grading will be
required to create a usable space. The site is a considerable elevation above the access point located on
Washington Dam Road. A significant amount of export will be required to lower the sight elevation to a
level where access can be achieved. The total volume of material moved is calculated to be approximately
233,458 cubic yards. 77,306 cubic yards of the material will be used to fill low points located on the



project and to level building pads. A material volume of 156,152 cubic yards will be exported from the
site. The exported material will be hauled to projects within a ten mile radius requiring fill material to raise
existing elevations. The total area to be disturbed is approximately 27-acres.

Erosion and Sediment Control Measures

The existing site location offers unique challenges to prevent erosion and sediment control. All controls
listed below will be installed in accordance to the BMP Manual and Washington City Standards.

Initial Controls

Initially the boundary along Washington Dam Road will have a silt fence installed adjacent to the right-of-
way to prevent sediment from exiting the site. A stabilized construction access will be provided at the
project entrance off of Washington Dam Road. Before mass grading begins a dike will be constructed
around the site to prevent sediment laden runoff from exiting the site. A sediment basin will be provided at
the low point to collect the runoff and discharge the stormwater after the majority of the sediment has
settled to the bottom of the basin. Construction fence will be installed around the perimeter of the project
to prevent unnecessary disturbance of areas not to be graded.

Interim Controls

As mass grading begins and material must be exported from the site a stabilized construction road will be
constructed to the area where loading will be performed. Due to the volume of material being exported a
wheel wash will be installed at the entrance of the site. Dust control will be accomplished by watering of
the soil on a regular basis as conditions require. As the site is lowered the dike around the site will be
lowered to ensure runoff will not leave the site at any time during grading. Street sweeping and vacuuming
will be provided as conditions require or on an every other day schedule.

Final Controls

After grading is complete hydroseeding of slopes that will not be disturbed during the construction of
structures will be performed. The retention ponds will be completed and runoff will concentrate at the
ponds. Drainage channels will be lined with rock to prevent erosion. Where stormwater will cross roads
culverts will be installed to prevent the road from being washed out. The entrance will be paved as soon
after grading finalization has been achieved and weather conditions allow. A stabilized staging area will be
provided for the contractor constructing the onsite structures. Landscaping will be provided to reduce
surface erosion. All disturbed areas not landscaped will have a soil binder applied and reapplied as
conditions require or site is built on.

Time/Phasing Schedule

The total time allotted for the grading portion of the project is six months. The construction of structures
will begin when grading is finished and will continue at a rate determined by market conditions until the
site is fully built out. A Microsoft Project Gant chart is provided to illustrate the schedule of the project

and the times at which BMPs will be installed and removed.

Permanant Stabilization

After grading is complete hydroseeding of slopes that will not be disturbed during the construction of
structures will be performed. The retention ponds will be completed and runoff will concentrate at the
ponds. Drainage channels will be lined with rock to prevent erosion. Where stormwater will cross roads
culverts will be installed to prevent the road from being washed out. The entrance and roadways will be
paved as soon after grading finalization has been achieved and weather conditions allow. A stabilized
staging area will be provided for the contractor constructing the onsite structures. Landscaping will be



provided to reduce surface erosion. All disturbed areas not landscaped will have a soil binder applied and
reapplied as conditions require or site is built on.

Stormwater Management Considerations

During a storm event occurring during the grading of the project the offsite stormwater will be captured by
the drainage channel constructed along the boundary of the project and directed to the sediment basin
located at the low point of the project. This will prevent the site from becoming a quagmire due to areas
not being graded. Onsite storm water will be directed to sediment basin. A small portion of the site drains
to Washington Dam Road. This runoff must pass through silt fence adjacent to Washington Dam Road
before being able to enter the storm drain system. The silt fence will filter out the majority of the sediment
before it exits the site. The stabilized entrance and wheel wash will help prevent mud from the site from
exiting the project. Street sweeping and vacuuming will clean up whatever sediment is able to leave the
site and is deposited on the road.

Maintanence

Plant incorporated in the landscape plan must be watered and maintained. All other BMPs will be provided
as detailed in the BMP Manual.

Engineers Estimate

Below is a table showing the engineers estimate of installing, maintaining, and removing proposed BMPs.

Item | Description \ Quantity \ Unit \ Unit Price \ Extended Price
Initial Controls
1 Silt Fence 1,100 | LN.FT. $2.75 $3,025.00
2 Stabilized Construction Entrance 1| EACH $1,250.00 $1,250.00
3 Drainage Dike 2,475 | LN.FT. $1.75 $4,331.25
4 Sediment Basin 1 | EACH $2,250.00 $2,250.00
5 Construction Fence 7,500 | LN.FT. $1.75 $13,125.00
Interim Controls
6 Stabilized Construction Road 350 | LN.FT. $50.00 $17,500.00
7 Wheel Wash 1| EACH $2,000.00 $2,000.00
8 Watering 1|LS $5,000.00 $5,000.00
9 | Street Sweeping/Vacuuming 1|LS $4,500.00 $4,500.00
Final Controls
10 | Hydroseeding 6,500 | SQ.FT. $0.17 $1,105.00
11 Rip Rap 1,400 | LN.FT. $3.50 $4,900.00
12 Stabilized Staging Area 1| EACH $1,500.00 $1,500.00
13 | Landscaping 1|LS $7,500.00 $7,500.00
14 | Soil Binder 7,500 | SQ.FT. $0.92 $6,900.00
| Total | $21,905.00

*the above engineers estimate is meant to illustrate the format Washington City desires and is not meant to
be utilized to prepare actual engineers estimates.

Calculations

No calculations were required to determine the required BMP sizing.



Other Information or Data

Section intended to be included in the event Washington City requires additional information or additional
information is included but not required.



This Grading Plan has been placed in the Washington City file for this project and appears to fulfill the
applicable Washington City Grading Criteria. Additional grading erosion and sediment control measures
may be required of the owner or his/her agents, due to unforeseen erosion problems or if the submitted
plan does not function as intended. The requirements of this plan shall run with the land owner, or his/her
designated representative(s) until such time as the plan is properly completed modified or voided.

Owner Name (print) Engineers Name (print)

Owner Signature Engineers Signature
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1 Initial Controls 150 days Tue 9/19/06 Mon 4/16/07

2 Interim Controls 136 days Mon 10/9/06 Mon 4/16/07 1SS+14 days hl

3 Final Controls 40 days Tue 4/17/07 Mon 6/11/07 2

4

5

6 Initial Controls 0 days Tue 9/19/06 Tue 9/19/06 4} 9/19

7 Silt Fence 2 days Tue 9/19/06 Wed 9/20/06 ‘:}

8 Stabilized Construction Entranc 3 days Tue 9/19/06 Thu 9/21/06 ‘:|_

9 Drainage Dike 7 days Fri 9/22/06 Mon 10/2/06 8 ‘ |_

10 Sediment Basin 4 days Fri9/22/06  Wed 9/27/06 8 E—

11 Construction Fence 2 days Fri 9/22/06 Mon 9/25/06 8 E:|

12 Maintenance 140 days Tue 10/3/06 Mon 4/16/07 9

13

14

15 Interim Controls 0 days Mon 10/2/06 Mon 10/2/06 9 _‘v 10/2

16 Stabilized Construction Road 4 days Tue 10/3/06 Fri 10/6/06 15SS __—

17 Wheel Wash 2 days Tue 10/3/06 Wed 10/4/06 15SS _D

18 Watering 140 days Tue 10/3/06 Mon 4/16/07 15SS _»

19 Street Sweeping/Vacuuming 140 days Tue 10/3/06 Mon 4/16/07 15SS _ﬂ

20 Maintenance 136 days Mon 10/9/06 Mon 4/16/07 16

21

22

23 Final Controls 0 days Mon 4/16/07 Mon 4/16/07 20

24 Hydroseeding 2 days Tue 4/17/07 Wed 4/18/07 23

25 Rip Rap 14 days Tue 4/17/07 Fri 5/4/07 23

26 Stabilized Staging Area 3 days Tue 4/17/07 Thu 4/19/07 23

27 Landscaping 7 days Tue 4/17/07 Wed 4/25/07 23

28 Soil Binder 3 days Tue 4/17/07 Thu 4/19/07 23

29 Maintenance 26 days Mon 5/7/07 Mon 6/11/07 25
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Financial institute

To:  Washington City Date Issued
Honorable Mayor and City Council Letter of Credit No:
111 North 100 East
Washington City, UT 84780

RE: Project
To whom it may concern:
We hereby establish an irrevocable letter of credit for the benefit of Washington City in

the amount of $ which reflects 110% of the total cost associated
with the restoration of disturbed land as determined by Washington City.

The undersigned hereby agrees that the foregoing sum shall be used exclusively for the
purpose of paying the cost of any repairs in workmanship and material for the restoration
of disturbed land as deemed necessary by the city for a period of twelve (12) months.
The undersigned further agrees that the money held in the escrow account shall be paid
out to Washington City upon written request by an authorized officer of Washington City
for the necessary repairs as required ordinance.
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