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Disclaimer

Guidelines for Drainage Studies and Hydraulic Design is not intended to be a comprehensive design
reference. It should be used in accordance with the following criteria:

1. These Guidelines are for use in design, analysis, and maintenance of drainage structures and
systems designed and constructed by or in association with NCDOT-funded projects.

2. These Guidelines are not intended for use on non-NCDOT roads or projects. Any use by n b
NCDOT entities is the responsibility of the user and is done at the user’s risk. @

3. Unless otherwise noted, the design criteria contained herein are guidelines, not poli %
project may have unigue circumstances, requiring the design engineer to deviate éﬁ

Should a specific situation require deviation from specified methods, procedurgs, crlterK
presented in these Guidelines, approval for a variance is required from the ydraull
Engineer.

4. The user assumes the full responsibility in determining applicability Se purp Iow

e Planning, design and construction of %amage structur, é&d systems&

e Compliance with Federal and State ory r &r
e Use of NCDOT design standar non N oads ects
The user shall indemnify and hold harml OT an ts emp rom any claim, demand, suit,

liability and/or expense (including a ’s fees cost atlon) arising out of, or relating
to injury, damage, or death of person esultlng e use Gmdelmes
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1 INTRODUCTION

The 2016 version of the Guidelines for Drainage Studies and Hydraulic Design, hereinafter
referred to as the “Guidelines™, is the result of consolidation of the 1999 version of the
Guidelines and the 1973 Handbook of Design for Highway Drainage. It provides design
engineers (in-house and consultants) with new guidance to meet emerging environmental,
regulatory and design challenges. It includes design policies, procedures, methods, forms, and
tools needed to develop the hydrologic and hydraulic designs for NCDOT projects.

This document includes major changes and additions below:

Legal Aspects, Policies, and Practices in Highway Drainage (revised) @Q
Preliminary Hydraulic Studies for Planning Document (new)

Hydrology (revised) C) \
Stormwater Management (revised) @' 0
Bridge Scour (new) %

Permit Drawings (revised) OK Q&
S\

Floodplain Management (new)

Table of Contents and References (revise \ zo Q

Electronic version (single PDF) with in and e links

It is the responsibility of the design engi veri and I erlng data that are
provided by others before using these devel hy; design. The responsible
engineer is required to affix his o e@ eSSIO er to the following documents
and reports: v \

e Construction Plans

e Bridge Survey and Hydraulic s%Reportg

e Culvert Survey and Hydraul& ort
e Hydraulic Design Docu ntatlon S@ (Appendix A)

e FEMA documentation!
. No -rise ﬁ@nonQ

[ ]
° t Plans ification Form

This docum not h@ to be comprehensive on the practice of hydraulic engineering.
The desigg en meer erence other materials and should exercise sound engineering
j its app to ensure that the design is complete and appropriate. The design

is¥eco ed to reference the AASHTO 2007 Highway Drainage Guidelines (1) and
ainag al (2) for the practice of hydraulic engineering.

T de5|g r should follow all policies, specified methods, procedures and tools outlined
in this dotg nt in developing the drainage plans. However, the design engineer may request
approval for variance from the State Hydraulics Engineer for alternative designs.
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This document is being published in both hardcopy and electronic (PDF) formats. The electronic
version of this document can be accessed and downloaded from the Hydraulics Unit website.
The hardcopy version is available for purchase from NCDOT Publications. (See information at
https://connect.ncdot.gov/letting/pages/order-publications.aspx.)

A supplementary errata section will be included at the beginning of the electronic version of this
document to track minor error corrections, new rules, changes to forms, addenda, etc. which wi
be rectified in future editions of this publication. To maintain consistency between the hardco
and electronic versions, no actual changes will be made to the electronic version of the doc

until such time as a new edition is published. Any updates to forms, appendix items, or a

will be referenced in the errata section and posted on the Hydraulics Unit website until re
incorporated into a new edition. New editions incorporating full review, update, W @ ¢

incorporation of all revisions and addenda will be issued on a five year cycle and wil .
coordinated through the FHWA Division Office by the State Hydraulics Engineq) \}
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2 LEGAL ASPECTS, POLICIES, AND PRACTICES IN HIGHWAY DRAINAGE

2.1 Introduction

The purpose of this chapter is twofold:

1. Summarize the relevant federal and state laws which govern NCDOT highway drainage designb
2. Discuss general NCDOT policies and practices pertinent to typical highway drainage de5|g

2.2 Federal Laws @Q

2.2.1 Clean Water Act

In 1977, the U. S. Congress amended the Federal Water Pollution Control Act (FV\@) to r?&’

the discharge of pollution into waters of the U.S. and it was officially demgnat&e Clean
33 USC 1344 (CWA) (33). It serves as the cornerstone of federal law for al quali rams.
It directs the Environmental Protection Agency (EPA) and other regulat agencies t @lsh
standards of water quality for states to follow.

Section 401 of the CWA states that no federal per cense C |ssued that result ina
discharge to waters of the United States unlesstéa certifi t the d is consistent with
standards and other water quality goals, or ertlflca 0

Section 404 of the CWA prohibits the u ed dlsc}€?e of dre 0 f||| material into waters
of the United States, including navi aters. Sucidischar a permit. The United States
Army Corps of Engineers (USACE%anted |de G éPermits for several categories of
certain minor activities involving discharge the provisions of 33 CFR
330.5(a)(15), fill associated with constructi idges awgable waters of the United States,
including cofferdams, abutments, founda als, plers orary construction, and access fills, are
authorized under the Nationwide Sectlo% Permlt S ction 404 also requires any federal permit

a

applicant to obtain a Section 401 w I|ty c n from the appropriate state regulatory
agency if the proposed act|V|ty ect tK waters of the United States (2).

2.2.2 National PoIIutaQ%rge ation System

In 1987, Congress pa n am et to the Clean Water Act which added stormwater permits to
the National Wt Dlscha |nat|on System (NPDES) program under Section 402.

Section 319, ddress; pomt source pollution, requires each state to better integrate the
Coastal NQnpdignt Progr the Statewide Nonpoint Program. In 1997, the NC Legislature passed
House BQ&CS me ted development of a statewide stormwater permit under the National

i

Pollu Ination System (NPDES).

harq@
T wa@ statewide agency in the nation to be issued an individual statewide

transporta S Stormwater Permit (NCS000250) on June 8, 1998 by the United States
EnvironmS&al Protection Agency (EPA) through NC Department of Environment and Natural
Resources (DENR), which is now NC Department of Environmental Quality (DEQ). This permit is
jointly managed by the Hydraulics and Roadside Environmental Units. Requirements contained in
the permit address a broad range of NCDOT activities, including the following programs:
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Ilicit Discharge Detection and Elimination

Stormwater System Inventory and Prioritization

Best Management Practices (BMP) Retrofit

BMP Toolbox for Post-Construction Runoff

BMP Inspection and Maintenance

Post-Construction Runoff Control

Vegetation Management

Construction b
Industrial Activities

Education and Involvement @

Research Q
Total Maximum Daily Load (TMDL) @

For more details, please see discussion in Chapter 13. O

2.2.3 National Environmental Policy Act K K®

The National Environmental Policy Act of 1969 (NEPA) (42 U.S.C. 4 Sectjon requires
éﬁr

that all Federal agencies shall ensure that envrronment amenities an be giv, propriate
consideration in decision making, along with econo techm@ sideratio

For Federal Aid projects, NCDOT is required t‘ wrt ﬁ@ral Hi Administration
(FHWA) regulations, which are tailored fo ransp proje: are consistent with
NEPA implementation. NCDOT 5|gne eragen greem 977 with the FHWA
and the U.S. Army Corps of Eng USAC hich in Section 404 permit
requirements with the NEPA proc S, const he origi erger Process for
transportation projects in North Carolin % , modified most recently in a
2012 Memorandum of Understandrngy& tos ine the project development and
permitting processes (67). More in ion on,t er Process is provided in Chapter 3,

Section 3.3. FHWA guidance o m tion is provided at
https://www.environment. fhwae qov/p v\”p 2implement.asp.

2.2.4 Executive Order O

Executive Order 13 ued NovemQ 2013, requires federal agencies to prepare the nation for the
impacts of climat 6Xge by pr ifig (1) engaged and strong partnerships as well as information
sharing at all Iev@f govern »(2) risk-informed decision making, (3) adaptive learning, and (4)
preparedness@wng ntly, FHWA issued Order 5520 on December 15, 2014, to establish
policy on ared ness |I|ence to climate change and extreme weather events. In this directive,
clrmat e refer srgnrfrcant change in the measures of climate, such as temperature,
ns, etc. lasting for an extended period of time. Changes in climate may manifest
in sea I% s well as increase the frequency and magnitude of extreme weather events (75).

2.2.5 Nz§bna| Flood Insurance Program

The National Flood Insurance Program (NFIP) was established by the National Flood Insurance Act of
1968 (36). NFIP requirements could impose restrictions on the construction of highways in floodplains
and floodways in communities that have qualified for flood insurance. It is possible to comply with the
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federal requirements regarding the encroachment of a highway on a floodplain and still be faced with
future legal liabilities because of the impact of the highway on the floodplain and the stream (1).
Hydraulics engineers should review the potential for these future liabilities to ensure that they are
properly addressed in the development of the proposed hydraulic design. Regulations pertaining to
federal flood insurance are contained in 44 CFR 59-80, National Flood Insurance Policy (29).

For information on floodplain management, see Chapter 15.

2.2.5.1 Executive Order 11988 6
Executive Order 11988, issued in 1977, requires federal agencies to avoid to the extent possibl \

long and short-term adverse impacts associated with the occupancy and modification of floo

and to avoid direct and indirect support of floodplain development wherever there is a prtl) C)®
alternative (31, 32). () ,\\
2.2.5.2 Executive Order 13690 % C)

Executive Order 13690, issued January 30, 2015 amends Executive Order 1 @ Yy esta g a Federal
Flood Risk Management Standard, a flexible framework to increase remKTce against Q\g and help
preserve the natural value of floodplains, as part of a n%\nal pollcy ilience 6 k reduction
consistent with President Barack Obama’s Climate Plan. (

0

2.2.5.3 Guidance from FHWA Q

In June 1982, the Federal Highway Ad tion ( V&?and el el al Emergency Management
Agency (FEMA) established a Mem m of UgerStanding r {gayding a procedural document
entitled “Procedures for CoordinatingHighway,

loodplains with the Federal
Emergency Management Agency”. This a

chments ®
onal d Déxtatlon has subsequently been
formally issued in Non-regulatory Suppl -3 for P%O, Subpart A of Title 23 CFR in the
Federal Aid Policy Guide (FAPG) (8)

supplements diScuss, among other things,
recommendations regarding state al “and m pblltles responsibility for proposed storm
drain installations, design standa floo pla c achments and coordinating proposed
highway encroachments on fl ns W|th to ensure regulatory compliance. It should be
emphasized that Federal Aj ts are r red to be in compliance with FHWA regulations or
: i FEI@equwements (including Executive Orders). FHWA
regulation applies tm ral Aid actioRs in a base floodplain (not just FEMA-regulated

floodplains). Detailed'guidance BMA National Flood Insurance Program compliance as it
pertains to speci CD(&@ e practices is provided in Chapter 15 of these Guidelines and in

other chapter plical

igation Grant Program Properties Impacts

A issue of concern relative to highway projects is impact to Hazard

ram (HMGP) properties (a.k.a. FEMA buyout properties), which may exist
pursuant t&c isition under authorization of Section 404 of the Robert T. Stafford Disaster Relief
and Emergency Assistance Act, as amended (the Stafford Act), Title 42, United States Code (U.S.C.)
5170c. The Stafford Act requires that such property acquisitions comply with 44 CFR Part 80 FEMA
Property Acquisition and Relocation for Open Space. As such, ownership of the acquired property is
transferred to the local community government or eligible conservation organization to be maintained
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for open space purposes in perpetuity in order to restore and/or conserve the natural floodplain
functions. Deed restrictions are placed on the property, which prohibit, among other things:

e Addition of any new pavement for roads, highways, bridges and paved parking areas
(including asphalt, concrete, oil-treated soil, or other material that inhibits floodplain
functions).

o Placement of fill, except where necessary to avoid affecting onsite archeological resources.

Reuse of existing paved surfaces for recreational uses on the acquired property consistent with

allowable uses is generally acceptable. g
In the development of design alternatives for consideration for a given highway project, i %e re

imperative that HMGP properties be identified early in the planning stage so that ever can bg\}
made to avoid impacts. Identification of HMGP properties and determination of th able
restrictions associated with them should be coordinated through the NC Departme Ub|IC

Division of Emergency Management, Hazard Mitigation Section. Further detai egardlng

properties are discussed in the FEMA publication Hazard Mitigation ASSIS'[ U|danc

Mitigation Grant Program, Pre-Disaster Mitigation Program, and Flo tlon I

Program (February 27, 2015) (46). {

Afz} &@
2.3 State Laws and Programs 0 Q

2.3.1 State Environmental Polic c

@

Under the State Environmental Policy c PA) \413A Article 1], State agencies are
required to review and report on a propose 's env tal effect in the form of either an
Environmental Assessment (EA) or an E ental Im tatement (EIS) document unless the
project is covered by minimum criteria® e docu en are meant to disclose the direct, secondary,
cumulative, long-range, and short-tefm impacts V% roposed project. An EA is prepared if the
project is not anticipated to prod nific rse€ environmental impacts, if the impacts can be

mitigated to a non-significan
impacts will be significant
provide a more extensi

written in greater deb'\

2.3.2 Coas QMa tAct

itude of impacts is uncertain. If the project's

ble t ly mitigated, an EIS should be prepared. An EIS will
luation o%dvantages and disadvantages of project alternatives and is
an EA (32).

In 1974, t eneral @y passed the Coastal Area Management Act (CAMA) [G.S. 113A,
Artlcl alanc mic development and environmental protection in North Carolina’s twenty
unties. counties are subject to the rules and policies of the Coastal Resources
ssion C%whlch administers CAMA regulatory compliance. The Division of Coastal
Manageme @ , a division of NCDEQ (formerly NCDENR), serves as staff to the CRC and
works to pratect, conserve and manage North Carolina's coastal resources through an integrated
program of planning, permitting, education and research pursuant to CRC rules and policies.

Areas of Environmental Concern (AEC) are the foundation of the CRC's permitting program for
coastal development. An AEC is an area of natural importance: It may be easily destroyed by erosion
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or flooding; or it may have environmental, social, economic or aesthetic values that make it valuable
to our state (39).

The CRC classifies areas as AECs to protect them from uncontrolled development, which may cause
irreversible damage to property, public health or the environment. AECs cover almost all coastal waters
and about 3 percent of the land in the 20 coastal counties.

The CRC has established four categories of AECs: t

e The Estuarine and Ocean System
e The Ocean Hazard System
[ )
[ )

Public Water Supplies
Natural and Cultural Resource Areas. @
2.3.3 NC Water Supply Watershed Protection Act O cﬁ)\'\C)

In 1989, the Water Supply Watershed Protection Act was passed by the State L @

(G.S. 143-214.5) to protect drinking water supplies. It directed the Environ Managen&1
Commission (EMC) to adopt minimum statewide water supply protectign st rds and ﬁ@le ent
water quality protection programs (40). It also required classification waters of’th te based

on their quality and significance to the municipalities @

2.3.4 Stormwater Management Rules

@

State highway (NCDOT) development pro e permi sed ondc y case evaluation of
each individual project, which are con5| o be de 1 AC 02H .1003,
subparagraph (d)(3)(C) “Other Proj hich st % s the provisions of this Section
and has water dependent structures, public roa&’public which minimize built-upon
surfaces, divert stormwater away from surf rs as possible and employ other best

management practices to minimize water
have been established for determining us spill protection measures must be
provided to protect critical water su;§ atershe aa(see Appendix O). Furthermore, NCDOT is

regulated under a separate NPD rmwater er see 2.2.2), which covers all NCDOT activities
statewide.

2.3.5 Riparian Buffer Rqu QO

Beginning in 1999, E adoptewa{lan Buffer Rules (G.S. 143-214.20-26; 15A NCAC 02B) to
protect existing ripasian buffe trient sensitive waters (NSW) and certain water supply
watersheds ( Cha e\ tormwater Management for additional discussion.

2.3 6@%6(3““] \@5 Pollution Control Act

te Sedi n%lon Pollution Control Act was adopted in 1973. This promulgated rules and
regulation accelerated erosion and sedimentation resulting from land disturbing activities.
The Departwent of Transportation has been delegated the authority to administer an erosion and
sedimentation control program within the Department. NCDOT’s Roadside Environmental Unit is
primarily responsible for development of the erosion and sedimentation control plans for state
highway projects. Guidance regarding culvert construction phasing considerations with respect to
hydraulic design is provided in Chapter 12 of these guidelines.
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highway projects. Guidance regarding culvert construction phasing considerations with respect to
hydraulic design is provided in Chapter 12 of these guidelines.

2.3.7 State Floodplain Management Policy

Governor James G. Martin issued State Executive Order 123 in July 1990 requiring all state agencies
to follow a uniform floodplain management policy and providing guidance for compliance with
federal regulations (59). Section 3 of the EO states: 6

The Department of Administration shall administer a Uniform Floodplain Management POI%
for State Agencies. By agreement between the Department of Transportation and the De !Q' t
of Administration, the Department of Transportation shall work directly with the Fede

Department of Transportation and the Federal Emergency Management Agency to

appropriate standards and management to comply with the Floodplain Managen@ olicy « 0
relevant to highway construction within floodplains.

This Executive Order provides the legal basis for NCDOT to enter into a Memoran@fof Agr,
with the NC Floodplain Mapping Program, as discussed in Chapter 15 (58).

Q&
2.3.8 Reasonable Use Rule \ K

North Carolina long adhered to the Civil Law Rule '@ard tos water drainagé€. This rule
obligates owners of lower land to receive the na A w of s e water fr igher lands. It subjects
a landowner to liability whenever he or she4 S with ural flow{of surface waters to the
detriment of another in the use and enjoy f his or hetland. Sinc St any use of land involves
some change in drainage and water flo rTG«’ct applicatior’of the cj principles was impracticable
in a developing society. Thus, a mo rate ap, ion of,thé o0 allow a landowner reasonable
use of his or her property evolved. @ \

In 1977, the North Carolina Supreme Cou ally adogteththe Rule of Reasonable Use with respect to
surface water drainage and abandoned ivil Law Rule 5o dergrast v. Aiken, 236 S.E.2d 787, 293
N.C. 201). The adopted Reasonable U&?ule all ash landowner to make reasonable use of his or
her land even though by doing so {Qr she alte sgme way the flow of surface water thereby harming
other landowners, with Iiabiliti' incurr when this harmful interference is found to be

unreasonable and causing subfstaitial dam here are still some unanswered questions in the
application of the adopted%@ pable e to specific areas of state agency activities. However, this
rule is more compatipl and adaptablg to the realities of modern life and will provide just, fair and
consistent treatment. efore, NQDOT general drainage policies and practices follow this rule.

The Reasona@Rul @esponsibility on the landowner to make reasonable use of his or her

land. While sonableuse’ ¥s open for interpretation on a case by case basis, the implication for

inage is visions for, and treatments of, surface waters on properties are to be made in
ith squ easonable, and acceptable engineering practices. Therefore, it is incumbent on
to % e potential effects of surface water activities on both upstream and downstream

ude provisions in their design to hold these effects to reasonable levels.
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2.4 General Drainage Policies and Practices

2.4.1 Augmentation or Acceleration of Peak Rate of Flow

Development of property can cause an increase in the quantity and peak rate of flow by increasing
impervious areas and providing more hydraulically efficient channels and overland flow. It is NCDOT
policy to develop and make reasonable use of its lands and rights-of-way through sound, reasonable an
acceptable engineering practices and to deny responsibility for effects of augmented or accelerated flo
caused by its improvements unless determined to cause unreasonable and substantial damages. Lik

it is NCDOT policy to expect the same practice and acceptance of responsibility of owners and
developers of properties adjacent to state highways.

2.4.2 Diversions @ @

Diversions are defined as the act of altering the path of surface waters from one dr utlet t

It is NCDOT policy to design and maintain its road systems, so that no diversio eated

insofar as is practicable from sound engineering practice. Anyone desmng t te a d|ver 0 any
highway rights-of-way shall not be allowed to do so unless written perm|55| btalne the State

Hydraulics Engineer. Permission will be granted only after it has been rm|ned th
o the additional flow can be properly accomm \1 wﬂhx@ ng damagQ the highway,
o the cost for any required adjustmenw |ghwa®‘e

e appropriate consideration and res have be ken to % ify and save harmless NCDOT
from potential downstream claims K

will b e by the requester, and

It is NCDOT policy not to become a party @’ons unI@hsal would create a considerable and
real hardship to the requesting party.

2.4.3 Improvements and Mamter‘&)f Drai within the Right-of-Way

Drainage structures and dltch be ma \e such that they do not present an unreasonable level of
damage potential for the 6 r adjac roperties.
ow

Where the eIevatlo line of a X|st|ng culvert under a highway is not low enough to

adequately prowde atural d NCDOT will assume full responsibility for lowering the culvert
or otherwise pro@]g neede ovement.

Wherear d cuI rt adjustment is a result of a property owner lowering the flow line of the
inlet a et ditch rto improve drainage of his or her property, the following considerations

sh to t n taken:
The culvert must have a reasonable expectancy of being functional and maintainable.

o NCDOT participation (up to full cost) must be based on benefit gained by the roadway drainage
system as a result of the lowering.

o Where the new installation is of doubtful, or no benefit to highway drainage, the requesting party
must bear the entire cost of installation.
2-7
11/21/2016



Where the size of an existing highway culvert is inadequate as a result of a general overall development
of the watershed, it is NCDOT’s responsibility to replace the structure or otherwise take appropriate
action.

Where such a culvert’s inadequacy is the result of a single action or development, it is considered
"unreasonable and substantially damaging™ under the State’s adopted drainage ruling (see 2.3.8).
Therefore, the party responsible for the action or development should bear the cost of replacement.

Where a new culvert crossing is requested, if the culvert is required for proper highway drainage or
sufficient benefits to the highway drainage system would occur, the full cost will be borne by NC
providing there is no diversion of flow involved. Where the new installation is of doubtful or n

to highway drainage, the property owner will bear the entire cost. When both parties receivi

joint effort may be negotiated. @

Established culvert crossings will be maintained. Requests to eliminate any culvert qU|re a
of the State Hydraulics Engineer. %

When new private drives for single-family residential property are construct ring t hway, the
property owner can furnish, delivered to the site, the amount, type and si e3|gnat NCDOT,
to be installed by maintenance forces. This is not ap icable for com propert For additional
guidance on this matter, refer to NCDOT’s Pollcy on t and Dr y"Access th Carolina

Highways (60).

No alteration, attachment, extension, nor a fappur n \ rt shaII be allowed on
highway rights-of-way without written per, n from te H Englneer

2.4.4 Improvements and Mamten% Draln tsrde@ t-of-Way

While it is the responsibility of NCDOT to %@adequ nage for constructing and maintaining
the State Highway System, it is not its po I respons to provide improved drainage for the
general area traversed by such roads u C|dent | to the"lrainage of the road or highway itself.
Drainage involvement outside the rlghts- a? is limited to two general areas of justification:

med \bh action to warrant the cost. These benefits would be in
oadwa d frequency or extent, facilitation of maintenance, or a

e Sufficient benefit co
such areas as reducti

o Work is reguirée to corr mObIem or condition created by some action of NCDOT.

It is not the r I |I|t OT to eliminate flooding on private property that is not attributable to

e for th ay facility. On large outlets serving considerable areas outside the right-of-way, the

nance% e done on a cooperative basis, with the benefited properties bearing their
proportionﬁ re. Shares will, in general, be based on proportioning of runoff from the areas served by
the outlet.

It is not the policy of NCDOT to pipe inlet or outlet drains, natural or artificial, outside the right-of-way,
which existed as open drains prior to existence of the highway. Where the property owner wishes to
enclose an inlet or outlet, NCDOT may install the pipe adjacent to the right-of-way if justified by reason
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acts of tt% y or |t ntative.
In r@ tlet ditc wiII be maintained for a sufficient distance downstream to provide adequate
e
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of reduced maintenance, safety or aesthetics if the pipe is furnished at the site by the property owner.
This does not apply to the development of commercial property.

2.4.5 Obstructions

It is the policy of NCDOT that when a drain is blocked downstream of the highway, which is detrimental
to highway drainage, if from natural causes, NCDOT will take necessary measures to remove the
blockage or obstruction. Where the blockage is caused by wrongful acts of others, it is the policy of
NCDOT to take whatever recourse deemed advisable and necessary to cause the party responsible to
remove the blockage. Where a blockage occurs downstream of a highway, whether natural or art?{@
and is of no consequence to NCDOT, it is the policy to remain neutral in causing its removal. Q

State Statute (G. S. 136-92) provides that anyone obstructing any drains along or Ieading

road is guilty of a misdemeanor. C) c’)\s

2.4.6 Drainage Easements

It is generally preferable that any structural feature such as a drop inlet, catc@&w or p ﬁd

contained within a permanent easement. Where runoff is discharged fro ht-of- a point
where there is no natural drain or existing ditch, a per nent drarnag ent is red to allow
construction of a ditch or channel to convey the disc 0 an ac le natural et. Where
permanent easements are required, sufficient |rlf will %@the limits, grade, and
cross section may be determined. The easeme be of s t size in the spoil and provide
working room for equipment.

When the discharge is into a natural Xistin tch and th se in flow would exceed the
capacity or otherwise create a probl %\empora d nage t can be obtained to allow enlarging
or otherwise improving the drain to a point mcrea charge will not cause damage.

Where diversion of water is made to a na rain or ex% ditch which could increase the discharge

considerably above its capacity, an easﬁ is required to €nlarge and improve the drain to a point where
the increased discharge can be releaged without @ amage.

*
Where improvement to an existi ain is te \ed for proper drainage and not covered in the paragraph

ﬂ‘ pquired. Even though the drain may be enlarged and

of what is to be done and agrees in writing to allow entry
onto his or her prop this work, it iNall that is required. This should not be construed to mean that
in all cases of this patufe that on &rmit of entry should be obtained. There will be instances where a

permanent eas is desua@

above, a permanent draina

nts

to discourage the location of roadways on dams due to the increase in potential
ance and replacement cost. In those instances where a defined advantage may be
a(@ | savings in funds may be realized, the use of a dam for a roadway may be

considere

Where it is determined that a dam will be utilized as a roadway the following criteria must be met:
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e It must have approval certification from NCDEQ (formerly NCDENR) pursuant to the State Dam
Safety Law of 1967 (G.S. 143-215.23-37), when applicable.

o All pertinent data regarding the design of the embankment and impoundment structure must be
presented to NCDOT for review.

e Top section of the dam must be equal to the approach roadway section width (shoulder to
shoulder) plus a minimum of 4 feet.

e At a minimum, guardrail will be required on the impoundment side of the roadway. b
e The spillway will be designed to provide a minimum freeboard at the roadway shoulder di@

for a 50-year impoundment level Q
e Means of draining the lake completely will be provided. @ @ ‘
*
Design acceptance or approval by NCDOT is limited to the use of the dam as a roadw@, and i &

way intended as approval of the embankment as an impoundment structure. @

When a section of roadway that also serves as a dam is accepted, responsibili curred by@T
limited to maintenance of the roadway for highway purposes from shoulder oulder

Responsibility for the impoundment, any damage that may result therefréin, and mai rm of the

embankment or appurtenances as may be required to erve its inte ani ment structure
will be ct to the

Impoundment of water on highway rights-o Xay be d unde,ﬁ llowing criteria:

shall remain with the owner of the impoundment. A intenan
e The impoundment does not?\e y affec rlghts of@r highway purposes.
g. fatt

provisions of G.S. 136-93.
e Adjustments as required (e @)es rip . e protection, structure modifications,
etc.) shall be the responsibility of t% achin

e Provision shall be made for dr %the n@rx@ment to facilitate highway maintenance.

2.4.8 Subdivision Streets é \\

ers pted onto the State Highway System for maintenance,
e system, arge pattern and outlet locations is to maintain them as they
ce ar&'s‘limit d to the rights-of-way. In general, stormwater treatment

When roads and streets bui
responsibility for the d
exist at the time of a

the dedicated rights-of-way.

facilities should cated out
*
Information d@sign, re@@ approval requirements is provided in the NCDOT publication
Subdivis'o Roads ini onstruction Standards (3).

ep mg for maintenance, where drainage review is required by Hydraulics Unit, the
ng inforfatjen should be furnished for the review:

. St #a out and grades, and if applicable, include proposed catch basins, manholes, stormwater
treatment facilities, etc. along with grades (top and invert elevations) of the storm drain system

e Typical Section
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e Contour map (if available)
e Pipe sizes and grades
o Drainage areas at each pipe or inlet

o Inlet computations showing gutter spread and bypass for curb and gutter systems.

e Proposed easements @6

e Vicinity map \
The above information should be submitted prior to the beginning of construction of the @’smn S @
that if any changes are recommended, these could be incorporated in the original cons rath%
having to make post-construction adjustments.
Where storm drain systems are used, the minimum design for the collector syskﬂshould b
10-year storm frequency; however, for cross-drainage, design for the appro torm f cy for the
functional classification of the highway facility (usually 25-year or 50 )sS uld b
Where roads and streets built by others now exist ong&ystem, N S respo % ity for the drainage
system installed by the developer does not extend the right~ ay or gasement limits accepted by
NCDOT. The acceptance of the streets onto th Highw tem doga nclude drainage

Il

easements outside the right-of-way unless s y stated, that those nts so designated by
NCDOT are included in the acceptance. @

Where requests for additions to the s%w arise oré?s and s uilt by others, the requests shall not
be granted until the drainage installatidns haye specte approved by a representative of
NCDOT. The representative shall be the i ngin pointed delegate. If desired, or if
special treatment is needed, a review by t raulics L@ould be requested. If structures other than
pipe installations are included, they shak pprove by théState Hydraulics Engineer.

2.4.9 Adjustments to Pipe CuI\@K 0

No alteration, extension n n of ap @ enance to any pipe culvert shall be allowed on highway
right-of-way without t@n conse ﬁ the Division Engineer or his or her authorized representative.

All requests for atl , extengiomphaddition of appurtenance to any pipe culvert shall be made in
writing to th n Engun ints shall be furnished showing the location and detail of the proposed
work. The pr t all incl ws indicating the direction of flow, and approximate acreage drained by

the plpe size and. ty, e existing pipe. If appurtenances are involved, the type of construction
shaII n The Imate depth from inlet rim to invert shall be shown when catch basins or drop
inl os ere only minor drainage alterations are involved, the Division Engineer will have
y to ap e encroachment. If other than minor drainage alterations are involved, the Division
ineer s Gille a drawing and recommendations to the Hydraulics Unit for review and approval.
Upon appﬂg y the State Hydraulics Engineer, the request shall be returned to the Division Engineer
for preparation and execution of the Encroachment Contract. Any request for alteration to pipe culverts

may be submitted to the State Hydraulics Engineer, if the Division Engineer deems it appropriate.
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2.4.10 Adjustments to Box Culverts

No alterations of, nor additions to any box culvert on the highway system shall be allowed without
written permission from the State Hydraulics Engineer.

All requests for alteration of, or additions to, box culverts shall be made in writing to the Division
Engineer. Prints shall be furnished showing in detail the location and nature of the proposed work. The
prints shall show sufficient detail such that they may be used as construction drawings. The proposed
alteration shall be accomplished within the parameters of good engineering construction and hydraulj
design. The Division Engineer shall forward one of these drawings to the State Hydraulics Engm% h
his or her recommendations. After any required revisions and upon approval of the plans by th
Hydraulics Engineer, the request shall be returned to the Division Engineer for preparation a@ utlon

of the Encroachment Contract. 0
24.11 Highway Drainage within the Railroad Right-of-Way O ,\\
When a highway project involves drainage work at a railroad crossing within Jacent to ad
right-of-way, every effort should be made to avoid adverse impacts to the ra @ its dr facilities,
and right-of-way. If the impacts to a railroad are unavoidable, any activ right-of-

in the
way must be coordinated with the owner of the railroath, Resources i CDO |ch may be
consulted regarding railroad coordination include th IVISIO e local ay Division

offices. Railroad companies CSX Transportatlpn rfolk n Corpgration, provide specific
guidance regarding their requirements for acti volvm ts and es within their
rights-of-way. This guidance is available o \é@r viewj downl (seerefs. 51 & 52). For
new highway bridges over railroads, de ra hould ischar ctly over the railroad tracks.

2.4.12  Stormwater BMP Facnlltz Ithln nght Qy

The following must be observed with res@o tormwa%st management practices (BMP) facilities
within NCDOT rights-of-way:

o No private stormwater B |t|es ed within NCDOT rights-of-way.
o No private stormwater, or oth &ggge conveyances are allowed to connect to NCDOT

BMP facilities. Q
. Encroachmentb ct NQ BMP facilities (e.g. construction of a driveway that would

reduce a le an establls ngth of grass swale treatment) should be appropriately
accountegkfor NCD fbrmwater Controls Management System (SCMS).

A
0
@c,,@
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3 PRELIMINARY HYDRAULIC STUDIES FOR PLANNING DOCUMENT

3.1 Overview

The work performed during the project development (planning) phase is intended to provide needed
information required for the selected alternatives in the preparation of the planning document. In the
subsequent design phase, much of the data gathered in the earlier phase may need to be verified, updat
and refined. Additional details may be needed prior to the final hydraulic design that were not requi
the project development phase.

3.2 Project Development (Planning) Phase @ 2

o

In the planning phase of project development, the design engineer performs preliminary/ siidies anoﬁ\\

makes recommendations to facilitate and guide decisions made in the project devel proce
During this planning phase, a Preliminary Design Report (PDR), Appendix D Item ould leted
for each major stream crossing (as defined below in Section 3.3). O

For bridge replacement projects, the PDR is typically completed prior ’ﬁ@schedul FieRScoping
Meeting (FSM). The preliminary bridge replacement design recomm@ions arm mined at the FSM

by a consensus of the multi-disciplinary team of pa ts. Iss ered at th M typically include
hydraulic design, geotechnical concerns, road n, proj evelopme vironmental analysis,

traffic safety, structure design, constructabili intenance s, and lacalyDivision concerns.
Appendix D Item 2 is a listing of some of aulic @oncer may need to be discussed
at the FSM. @,

For State Transportation Improveme rogra G@ prOJec than bridge replacement projects, a
preliminary field review should be conduct t of the nary hydraulics study, and it would be
helpful to complete the PDR for each maj m cross or to the preliminary field review.
Consult the Natural Resources Technl ort (NRTR) e has been completed, for consideration of
avoidance and minimization of i |mp |gh quali eqwronmental resources. A checklist is also

reconnaissance. At this time, | |ghwa ance personnel should be contacted for input on

provided in Appendix D Item 3 0 s Whld\ §:’ e reviewed during preliminary field
flood history, problem areas t er per rainage information.

Using data collected,in R and p@nary field review, the preliminary hydraulic recommendations
for STIP projects ar?\ devel d for every major stream crossing site. The primary purpose of the
preliminary hydr recomme - t| n'is to determine the hydraulic conveyance of the drainage structure
that will be n ordef elop preliminary project cost and estimate of environmental impacts for
comparing,theé\aroject’s ternatives. Existing structures should be evaluated for hydraulic
adequac d structucal integrity, and a determination should be made regarding whether they need
r can ined and feasibly modified to accommodate the proposed highway

ents. pplemental information regarding the preliminary hydraulic recommendation may

ument? notes section of the PDR. In the event more space is needed for additional notes,

additional be attached. For NCDOT roadway projects, the PDR form is intended to serve as
the necessahy documentation of the preliminary hydraulic recommendations for use in preparation of the
project’s planning document. Instructions and an example are included in Appendix D to assist in
preparing the PDR form.
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3.3 Determination of Major Stream Crossing

For preliminary drainage studies, it is neither practicable nor necessary to study small stream crossings
involved with a project; only major stream crossings need be studied. A major stream crossing is defined
as one which would require a waterway opening providing hydraulic conveyance greater than that of a
single 72-inch diameter pipe (i.e. waterway opening of 30 square feet or more). Any existing crossing
with a structure size which may be below, but close to this size and potentially may be undersized, should
be included in the preliminary drainage study. Preliminary hydraulic recommendations for major strea
crossings should be documented on the form in Appendix D Item 4. It should be noted that overflo
drainage structures in the floodplain adjacent to a stream, while not technically conveying a strea V@
should be considered part of a system of structures comprising a major stream crossing, where bIe
and should thus be accounted for in the hydraulic analyses and documentation. @

For NCDOT roadway projects which require concurrence of federal and state agenmesgh;“'C h the@)
404 Merger Process, the design engineer is responsible for providing preliminary h

recommendations (37, 67). During Concurrence Point 2 (Detailed Study Alternati arried

the design engineer offers input regarding any proposed study alternatives which may be pr ic for
FEMA compliance or difficult for facilitation of drainage. During Concurr int 2 ging
Decision and Alignment Review), the hydraulic engineer should providégreliminary bydraglic
recommendations for the drainage structures required t@ provide ade drauli veyance to
accommodate the major stream crossings under stud&he projegtineluding poSsibly accompanying
the Merger team during a field review of the prOj App Item m should be used for
Concurrence Point 2A documentation. {

3.4 Determination of Minimum Len Q& (for lnary ates)

Preliminary recommendations for br?’eplacemﬁ? or ne bridges are often based on
NCDOT’s definition of a minimum length hi |s ted in Appendix E Item 6. This
criterion generally provides for a m|n|mum t wide rom anywhere along the stream bank to
the below-ground projection of the road bankmen@e (typically 1.5:1 normal to the end bent).
This does not necessarily preclude spe ion of aye gca abutment bridge in the final design stage,
which could further reduce bridge | gth prow ould meet project requirements. While this is a

general rule for preliminary brid ing, t \ y be unique site constraints which may otherwise
affect the recommendation.

3.5 Project Commntr@QRegardlr@MA Coordination
Planning docg@ﬁNCDO@&ts usually include formal project commitments (a.k.a. “green
t

sheets”). Wh MA-reg stream is involved, the Hydraulics Unit requires that project
commitment ents s he following be included to address FEMA compliance coordination:
Hydr ics Wnit cc@@
aulics ill coordinate with the NC Floodplain Mapping Program (FMP) to determine
of pro regard to applicability of NCDOT’s Memorandum of Agreement, or approval of a

Condmon( r of Map Revision (CLOMR)* and subsequent final Letter of Map Revision (LOMR).

* If project is in Mecklenburg County, CLOMR submittals should be coordinated with Charlotte-Mecklenburg
Storm Water Services.
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Highway Division commitment:

This project involves construction activities on or adjacent to FEMA-regulated stream(s). Therefore, the
Division shall submit sealed As-built construction plans to the Hydraulics Unit upon completion of
structure construction, certifying that the drainage structure(s) and roadway embankment that are
located within the 100-year floodplain were built as shown in the construction plans, both horizontally
and vertically.

3.6 Project Commitment Regarding Climate Change and Extreme Weather Events b

Planning documents for NCDOT projects that may be vulnerable to extreme weather and floodi
as sea level rise, should also include the following commitment statement in the green sheets: .
Hydraulics Unit and Roadway Design Unit commitment: S Z

O
NCDOT will follow FHWA’s policy as set forth in FHWA Order 5520, “Transport gstem q,)\'
Preparedness and Resilience to Climate Change and Extreme Weather Events’ @nd‘glidanc forth
in FHWA'’s publications *““Highways in the River Environment-Floodplains, Q e Eve {I ,and
Resilience” June 2016, (FHWA-HIF-16-018) and “Highways in Coastab&nvironment; AQ:ing
Extreme Events” October 2014, (FHWA-NHI-14-006)%0 minimize cli nd ext@wea er risks and

protect transportation infrastructure. @
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4 PRELIMINARY ROADWAY PLANS REVIEW AND PRE-DESIGN STUDY

4.1 Preliminary Roadway Plans Review

For transportation improvement projects, NCDOT hydraulic design staff initially receive a set of
preliminary roadway plans for review from the Roadway Design Unit. The purpose of the preliminary
review is to allow the design engineer to determine any potential drainage problems with the design an
to provide comment on changes which may be needed. Items which should be evaluated include, b
not limited to, the following:

overtopping elevation (relative to 100-yr and design event elevations, as applicable Q .
effects to floodplain (e.g. lateral floodway encroachment, fill in floodway, etc. ) @
project commitments made in planning / project development phase ‘

potential problems with spread/hydroplaning C) \
locations of high undercut areas where berm ditches are needed @ C)
superelevation: at rollover locations, on bridge deck(s), at mtersectlo at sags an((@
roadway grades, intersection grades

alignment review for avoidance/minimization efforts \ Q

drainage outlet locations

effects to existing drainage systems/outlets \ Q O
potential diversions $ KQ @
sag (low point) on bridge or in cu@ S Wlth&u ef O

minimum cover over culverts

existing level of service for th ortat
physical condition and hy dequa |st|ng e structures
preliminary bridge superstrugture gra pan arr. ent

typical roadway sections

embankment slope in wetland a

navigational channel requwe

under-clearance requirem green nﬁal crossing

access/vertical clearan r br| ection/maintenance
sidewalks, bike Ian 1-use

4.2 Pre-Design S

reviewed to INarize t engineer with the project requirements. Archived field survey records,
includin idge and.C urvey and Hydraulic Design Reports (BSRs and CSRs, Appendix E), and

Prior to comm@ detaﬂed@?emgn and associated final field reconnaissance, the project should be

@désign to update and confirm information on flood history, problem areas and other
pertinent drginage information. Specific design methods, procedures and criteria are also addressed at
this stage. Design engineers should complete this phase by having a Pre-design Review meeting with the
appropriate NCDOT hydraulic design staff. The design engineer is to prepare a list of topics and
information, including hydraulic design assumptions, for discussion at the meeting. Any actions and
decisions agreed to at the review meeting should be summarized in meeting minutes and included in the
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final project documentation. Also review project commitments (“green sheets) made in the project
development stage to ensure they can be implemented. The first page of Appendix B should be
completed and approved by the appropriate NCDOT hydraulic design staff prior to field reconnaissance.
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5  FIELD RECONNAISSANCE AND SURVEY

5.1 Overview

The Location and Surveys Unit, in conjunction with the Photogrammetry Unit, provides survey data that are
required for the development of hydraulic design plans. The type and presentation format of these data
provided in the Location and Surveys Unit’s document NCDOT Field Surveys for Hydrographic Da

Typical survey data required for hydrologic and hydraulic studies include:

e existing bridge superstructure and substructure locations and elevations @

e existing culvert dimensions (including invert elevations, top slab depth, multi-w ¢ C)
thickness, condition, etc.) ’\\

e pipe sizes and condition, invert elevations @ C)

e existing drainage channels (including, size, slope, stability, etc.) K &
e drainage structure invert elevations O Q

e streams and ponds (location, geometry, hydraulic characteristi
e storm drain system components, etc. \ <\

e curb and gutter locations

e topographic features (e.g. paved ar ngs w & areas, etQ)
o digital terrain model (DTM) and

Wetlands and jurisdictional streams?&lneated Natura onment Section (NES) and
verified by the US Army Corps of Engineer and/ C Department of Environmental
Quality (NCDEQ) staff. Survey data for tr tion | ent projects are compiled and stored in

a single Final Survey Microstation file. @p cialty or aI survey needs, such as bathymetric
surveys in sounds, large rivers, pond ﬁa es, the Lacation Engineer may need to coordinate with the
design engineer to define the sur@)veragear data requirements during the initial stage of the
survey.

It is the primary design e ity to verify and supplement the survey data in the field
prior to commencm% ed deS|gn to efsure that these survey data are accurate for use in developing
the hydraulic model an3lyses, Bridde dnd Culvert Survey and Hydraulic Design Reports, and drainage
plans. The desi ginees @ dconsider the level of data needed for the hydrologic and hydraulic
analyses to bﬁe*forme %& should be compared with the survey data provided by Location and
Surveys Photogrs y Units to determine what additional data must be obtained, such as stream

nnel,geametry (at locations where detailed stream cross sections may be needed), etc. If the

y of the gy data is in question or if additional field surveys are warranted, assistance from
ion an staff may be requested. Appendix D, Item 4 includes a list of field information that
should be ted in the preliminary design phase of the project (which may later be supplemented with

more detalled survey information in the final design stage).
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5.2 Purpose of a Drainage Survey

The purpose of a drainage survey is to determine how to best convey stormwater runoff, associated with
the roadway, to a natural drainage outlet safely, efficiently, aesthetically, and with environmental
stewardship. Opportunities to observe live storm runoff events are seldom available. Therefore, the
design engineer must rely on expertise, experience and judgment in evaluating site conditions and making

appropriate recommendations. t

5.3 High Water Marks Q

Moving water usually leaves marks along the watercourse. Anyone will notice the effects{of @Qreat sto
on a large stream if it is seen before cleanup operations have been completed and marks removed.

takes a trained eye to perceive the marks caused by the smaller storms, which Ieav isible

damage, but which, nevertheless, might wash out a roadway fill or flood the ro %

Indications of the flow of water could include: \O Q

o drift (fences are good collectors of drift)
e erosion, such as:

» O
e cultivated field scoured down ﬁ@@;y or géu in thelﬁ)@
e eroded stream banks Q
e scour hole at the outlet Qa age str Q
e roadway shoulder e &elow th ment Wi % fines washed out
e deposition of streaks of san(%rave i Id or
e presence of excessive sediment desi@ a cha@

S

e high water marks on trees and str@
o flow patterns in matted grass

Additionally, it is important to o &ocal flo

personnel and local re3|dents ce per
familiar with the prOJect i

e
@ information from the local Division maintenance

(mail carrier, school bus drivers, etc.) who may be
are found which indicate potential damage to the road,
these should be addres he developgaent of the final design recommendations on how to safely
convey storm runoff ble hi ter ark elevations should be recorded on Bridge and Culvert
Survey and Hydr DeS|gn rts (BSRs and CSRs, Appendix E).

5.4 Paj&e Fiel nalssance

onduc %leld survey for a roadway drainage structure such as a bridge or culvert, it is
im ortant er that the highway drainage structure must be designed to satisfy the following
constramt r the duration of its structural life:

o must safely convey the design flow so as to prevent inundation of the travel way without creating
excessive flooding on upstream or downstream properties
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e must not create flow velocities causing excessive scour erosion in the outlet channel or on the
roadway fill at the inlet

e must structurally support the roadway and traffic loading

e must provide adequate means for terrestrial and aquatic passage

The challenge for the design engineer is to design the most economical structure which will satisfy all

of these constraints. More detailed guidance on these topics is provided in Chapters 8 and 9.

However, with respect to allowable backwater and scour velocities, certain field data must be b

collected to establish these parameters. Elevation data on upstream development in the vicini

should be obtained to determine if structures are near the observed or known high water ele %

order to estimate scouring velocities in a channel, it is necessary to describe the type of in the .

stream bed and determine whether scour occurs in the natural channel. O C)@
\\

O

o visually acquaint the design engineer with conditions and constralnt’ e 5|te S obtalnlng
overtopping elevation to determine existing level of service, as ngpo tent cts of grade
adjustments, etc.)

e identify topographic features missed in pr|o

e verify data obtained from other source§ ase or oth rvey data
e identify ponds, lakes, reservoirs and o rmwat ion ar ch may affect discharge

In addition to the above, the field reconnaissance should serve to:

rates
e review existing drainage feature tain |nf t|on on mance
e review potential outlet facilits gw downs onvey r performance, adequacy,

stability, and condition

e identify sediment-sensitive ar as S es pon channels
e review contributing watershed ch istics (e. re, wooded, industrial, residential, etc.)
e identify new or planned constr or proposed lopment
o locate and/or verify wetlan other envirgnmentally sensitive areas (to note any obvious
discrepancies which may, rewew b tural Environment Section)
e obtain by survey or ve m stru ection reports or Location and Surveys data details
of size, location, le aterial t T d condltlon of existing drainage structures
o for eX|st| Ive v extended: top slab and vertical interior wall thickness
o for ridges: p| idths, footers, abutments, mud sills

ting the Structures Management Unit and/or Materials and Tests Unit,

structural integrity evaluation
e Chapter 11)

in hlsto od and other stream flow information such as:

;@' %um and other large flood levels at, upstream, and downstream of the study site

e  assess existin truct@qndmon and if it is in question (e.g. cracks, perched, spalling, etc.),

of these occurrences and frequency
ore frequent flooding levels (examples: annual, 2 year, 5 year)
note any channel scour and migration
note drift potential, debris size and quantity
e obtain descriptive photographs of site (e.g. upstream and downstream view from road, face of
structure upstream and downstream, evidence of scour, floodplain characteristics, structures in
floodplain, etc.), noting location and direction of view
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5.5 Drainage Data Collection

Examples of additional drainage survey data and supplemental topographical information which should
be collected:

o elevations of flooding (high water marks, historical flood levels)

o elevation of upstream and downstream features which could control the design, such as buildings,
roads, yards, fields, and other drainage structures 8

e stream bed elevations a sufficient distance upstream and downstream to establish the nor @
stream gradient T{.

o floodplain and channel cross-sections for backwater analysis and channel realignme @ .

e structure geometry and related data needed for hydraulic model analysis (e.g. raileg' pier 0
widths, guardrail, sediment accumulation, etc.) \

o development and land cover in floodplain for determination of flow resista@and distrib@n
(e.g. roughness coefficients for hydraulic model analysis)

e general description of stream bed and bank materials (clay, silt, san avel, cob ck, etc.)

e depth to rock - if extensive rock is visible, explore extent by pro bed onc¢ Iv ize streams
for possible footing depth. (If warranted, Geofb&nlcal Un|t be co for more
detailed investigation.)

e locations of high undercut areas where dltches a ded

e locations of top of bank along upstr down e chann fficient distance to
establish riparian buffer limits f ss ment of acts in %&rﬁs
e location of springs, seeps, 0 able hi er table
e potential locations for hazarﬁskspill basins.if reqm
e verification of wetlands and jurisdi treams |n base mapping on Roadway plans, to
ensure accuracy for permit applizﬁ oordinate With NES as soon as possible if any
0

significant discrepancies are e ered. )
Additionally in urban areas, wh and way typical section is proposed:
e Locate and obtain ele @ ons of dr s and low areas behind proposed curb where drainage

inlets may be neeﬁ\
e Locate and vations of Offsite drainage system behind proposed curb

e Locate 36 Iow sys ch as roof and basement drains.

Review and OQﬂ the fo %@mformatlon for use in bridge scour analysis:

o ﬁription ain
o Qh nel b erial (e.g. sand, silt, etc.) and gradation (e.g. fine, medium, coarse)
@ viden our at existing structure, particularly at the abutments and interior bents
e Cha
e

s-sections at bridge face and at locations of the upstream and downstream toe of the
e Photos to support the selection of roughness coefficient values, hydraulic control features, etc.
e Elevation and location of deepest point in channel (thalweg — not necessarily at center of stream)

e If visible, note type and condition of existing foundation

o Note any visible repairs / bank stabilization.
5-4
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All pertinent data gathered through this field reconnaissance and survey should be recorded on work
plans, field notes, and filed with project documentation. Important hardcopy project documentation
should also be preserved in a digital format, such as a MicroStation CADD file or scanned PDF file.
Pages 2-4 of Appendix B should be completed while conducting the field study.

5.6 Field Safety

All personnel performing field reconnaissance work for NCDOT must follow the policies and guida e@
NCDOT’s Safety Policy and Procedure (SPP) Manual (53) and Workplace Safety (Operations Pr @

— SOP) Manual (54) Q

There is no specific published guidance or policy pertaining exclusively to NCDOT roadsj @ by @

field survey crews. Roadway Standard Drawings (16) Division 11 contains NCDOT s s for ()

zone traffic control, which may be consulted as a reference for general information nce

things as flagging traffic and placement of roadside warning signs, cones, and othe ic cor&
D& trained tified

devices, as may be applicable. It should be noted that NCDOT requires per
by an approved source to perform traffic flagging, so if required, coordi
office may be warranted to ensure that appropriate personnel are assig

h the lo IVISIOI’]
serve mﬁs capacity.

If surveys are needed within a railroad right-of-way, it of e st be arra@d through
coordination with the Location and Surveys Umt e Rall ision. This may likely be
outsourced to qualified and certified contraa@proved allroad @rs Under no circumstance
should a hydraulic survey field crew enter oad righf- ay %Qn authorized permit of entry.

?SQ\
&
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6 DRAINAGE PLANS DEVELOPMENT

6.1 Overview of Development Process

Using the preliminary roadway plans as a base, the development of the drainage plans should be done in
the MicroStation Drainage (DRN) file, and generally proceeds as follows:

1. Verify and supplement as necessary all existing drainage features (structure type, size, 5@
elevations). Contact the Location and Surveys Unit for clarification or revision if majg
discrepancies or errors are discovered in the field, or if significant supplemental sur@

@0

needed beyond typical scope of a Hydraulics field review. 0 . 0
2. Note all existing drainage divides, flow directions, ditches, channels, etc. ( nt not \
hardcopy plans should be transferred to the digital MicroStation plan d on tr{) prlate

information levels, such as notes about existing pipe conditions, ero@ oblemQ

3. Verify and supplement information addressmxtlltles that m ’Sﬁct drama{gfea res.

4. Sketch any special ditches or other topggﬂ@ffeatw{&@ﬁiﬁed d@'g%ld surveys and not

included on the preliminary plans. O

5. Make notes of design controls i @uring @collect%ﬁﬁeld survey stage, such as
elevation of lowest adjacent f buildipgs\i floodp ich could potentially be
adversely affected. \

6. Determine and evaluate the patter, sSﬁ.lrface fl affected and developed by the project

construction. (Note flow dlreo( d areas, of floweConcentration as may be needed for clarity.)
4

7. Develop a schematic lay drai @ayr s (bridges, box culverts, pipes, storm drain

systems, ditches, cha =€tc.) to ly convey surface flow within and adjacent to the
project. Note the S 0N

8. Perform the ud| qt\ure to detail each drainage feature (type, size, location, material,
etc.) and ument th@v detail of each individual feature as directed in the related section of
thes mes

compl hydraullc design, a final set Redline Drainage Plans (electronic PDF and

§ @ASD ve are to be prepared, and should include, as a minimum, the following items:

age areas (label size and show boundary depictions)
Existing drainage patterns (see item 6 above)
e Storm drain system inlets, pipes, etc. with top and invert elevations, structure numbers
e Ditches and outlet channels (with details, plan/profile views, and computations, as
appropriate)
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e Topological contours (and flow arrows where needed for clarity)

e Important design notes, including information from field investigation, utility conflicts,
commitments, retaining or removing items, etc.

e Sag and crest locations on roadway with flow direction arrows

e  Stream tops of banks

e Quantities of excavation, rip rap, geotextile fabric, etc.

e Culvert and cross-pipe hydraulic data b

e Permanent and temporary drainage easements

e Limits of shoulder berm gutter at bridges

10. The Checklist for Drainage Study and Hydraulic Design (Appendix B) must also @t 2
included with the project documentation upon completion of design. 0 ,\3

6.2 Sealing of Drainage Plans and Design Reports by Professional Englneer @

Once right-of-way plans are completed by the Roadway Design Unit, they a bmltted iew by the
Contract Standards and Development Unit, which checks the plans a t|f|es any,eo Qons needed.
After the plans are corrected, the final plans are then sj ed and seal he resp e North Carolina
professional engineers who performed or supervise ngmee@ork s for electronically
sealed plans have recently been implemented WitfaINCDOT, cally, t gn engineer will need to
seal the title sheet, any special detail sheets detail Il plan and profile sheets.
If Bridge or Culvert Survey and Hydrau@ @SRS or§Append|x E) are included
with the project, the design engineer i i n in these reports and the plans
are accurate, as they also are to be s&d\and S rth Carolina Professional Engineer
as part of the official legal design documentgi dditionally, as noted in Chapter 1
Introduction, the Hydraulic Design Docu Appendix A), corresponding to the
project’s documentation package, mus m

6-2
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7 HYDROLOGY

7.1 Introduction

The hydrologic analysis phase involves the determination of discharge rates and volumes of runoff that
drainage facilities will be required to convey. Acceptable hydrologic methods for highway drainage
studies and applicable criteria for their use are discussed in this chapter. When the project site |nvoI
FEMA-regulated stream, discharge methods and values provided in the effective published Floo
Insurance Study (FIS) report should be used for determining compliance with National Floo %
Program (NFIP) regulations (29). (This may result in the need for additional hydrauli

NCDOT design criteria, so there may be both a model for NFIP compliance as well as&

the NCDOT project.) The results from any hydrological procedure should be calib ith

n mo
hist
site information. The design engineer should also consider potential future Iands:se anges

watershed over the life of a roadway structure and include this effect when e ing desr arges
7.2 Drainage Area Determination Q

There are a variety of sources for abtaining dra¢n a a data ng us pographic contour
maps, published lists of drainage areas fro eports ( u FEMA I Insurance Studies and
USGS water data reports), archived NCD idge and tSurv a Hydraulic Design Reports
(BSR, CSR; Appendix E), digital el ta (su ght and Ranging, or LiDAR, data),
and the relatively new USGS Stream eb ba app for North Carolina, which utilizes
Digital Elevation Models (DEMs) bas don a an% bination of local resolution stream
data and National Hydrography Datasets auto% omputation of drainage areas (and other
basin characteristics). Drainage areas be verified g project field review. The design engineer
of record is responsible for verrfyrn curacy e‘drarnage area regardless of the method used to
obtain it.

7.2.1USGS StreamStatsQ b Q

StreamStats is a wemed GIS ication (http://water.usgs.gov/osw/streamstats/north carolina.html)
that was releas d@JSGSr . It allows users to easily obtain streamflow statistics, basin
characteristi ., for U&e data collection stations and for user-selected ungaged locations. The
applrcat%ll deli drainage area at user-selected stream locations. The website includes

e mstrx s and associated help files (including Getting Started and Quick Tour links).
% advis iew and familiarize themselves with this information before attempting to use the
a

tion. @
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7.2.2USGS Quadrangle Maps

USGS topographic mapping is available through the National Map Viewer website
http://nationalmap.gov. Additionally, a GIS web map service (WMS) called USA_Topo_Maps provides
a base map of national coverage of USGS topographic contour mapping.

7.2.3Digital Elevation Data b

Several sources of digital elevation data are available. The primary and most current, accurate,
readily available data is in the MicroStation TIN (triangular irregular network) file (supplied DOT
Location & Surveys and Photogrammetry Units) for the specific project area. However, thi
often inadequate for hydrologic studies, so it may need to be supplemented with other g
data sources, such as LiDAR coverage or USGS Digital Elevation Models. Further‘ﬁ' on ea

these are discussed below. &
3&@ Qte to pr(@e the final survey

rrain mod DTMs) and associated

7.2.3.1  MicroStation TIN Files

NCDOT’s Location and Surveys Unit and Photogra Unit
files for NCDOT projects, including planlmetnc g, digi

TIN files. The DTM file is first generated f cessmg h surve @ then, the DTM file is
used to generate a TIN file to represent th ing grou ace % the original TIN files
ydrologic analyses (e.g. offsite

provided for a project do not provid ad@ geographical cov
drainage), so supplemental digital e%ﬁn data n@ used t\ ate additional TIN file coverage

that can be merged with the original % 0

7.2.3.2  LiDAR Data

<9,

ga' able in North Carolina is the statewide Light

as developed for the NC Floodplain Mapping Program
g LiDAR techniques to collect digital elevation data.
available for download, and can be accessed from FMP’s

One supplemental source of digi atio
Detection and Ranging (L|D verage
(FMP). The entire state map.
These data and corr metadata
website (http://www.n&§loodma my.

O .O
7.2.3.3 U&)igita@!ion Models and Local Government Topographic Data
Digi @ion @DEM) data are available from the USGS National Elevation Dataset (NED).
e

res on se data can be downloaded are provided on the National Map Viewer website (See
7.2%2). Th may prove most useful for areas in bordering states; however, within the state, NC
FMP’s Li& coverage will likely be more current, higher resolution, and accurate than that available
from the NED. Additionally, large municipalities and some counties have developed topographic and
elevation data which may be publically available for use in drainage area determination.
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7.2.4 Archived NCDOT Bridge and Culvert Survey and Hydraulic Design Reports

There are thousands of bridge and culvert design reports archived at the Hydraulics Unit (hardcopies and
PDF electronic copies). They provide valuable hydrologic and hydraulic information, such as drainage
area size, as well as discharge rates and associated computed water surface elevations, methods used for
computations, flood history records, etc. Information provided on these reports are only as accurate as
methods and technology available as of the date of the report. It is the design engineer's responsibility t
verify the information on the report before relying on it. b

FEMA Flood Insurance Study (FIS) reports’ Summary of Discharges Tables are a urce foq)
drainage areas and associated computed discharges for the FEMA hydraullc m ee Se 4.1

for more information.) Q

7.3 Peak Discharge Design Frequency O

7.2.5 FEMA Flood Insurance Studies

Design frequency for NCDOT drainage structut etermln &ed on way classification,
traffic volume, level of service, flooding po prope alnte @ost etc. A summary of
design frequencies that are typically use DOTr d ay drai %llmes is provided in

Table 7-1. Consideration for site- s ondltlo ch as up r downstream potential property
impacts, existing level of service pro leng ea te detour will be in place, etc. may
warrant exceptions to these and should be %&\@! and a on, preferably during the pre-design

review.

.\K . \XR EQUENCY (years)

ROADWAY . lﬁ\r/gjrg, Storm Drain Sﬁt:g]gs Ditches
CLASSIFICATIO
OO\ ipes | OnGrade | ihout relief)
Major Arterials (e.g: tates,

US, NC ,Rquted) + 50 10 50 10

Minor Arteri Ilect
%Oa " g\"\ 25 10 25 10
rary/ \p’ 10 - - 10

e7-1 i@quency
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7.4 Peak Discharge Estimates

The design engineer should select from a number of acceptable peak discharge methods, depending upon
the site’s watershed characteristics. Table 7-2 lists peak discharge methods which are acceptable for
NCDOT hydrologic studies. It also references the NCDOT Highway Hydrologic Charts (digitally
corrected reproduction of the 1973 State Highway Commission Charts), which are applicable for limited
use as discussed in Section 7.4.4 and Appendix C. It is the hydraulic engineer’s responsibility to apply
sound engineering judgment and to provide documented justification of methods used. Reported b
discharges should be expressed to two significant figures for 0.1 cfs to 10,000 cfs, and if higher, ag
significant figures (examples: round 135.22 to 140; round 13,522 to 13,500), unless spemfymg rges
cited identically from a published FEMA Flood Insurance Study report. O 0@
QN

Hydrologic FIS Rational NCDOT HWRCS \'
Methods | (for NFIp | OSCS HydrolggicC} M O

Method drolggic
Feature compliance) Methods (up to 20 ac) C}a&
Bridges X X \J
Culverts X X \

N\ .
Storm Drain Systems N X nt‘Q' x () X
N

Cross Pipes (< 72 in. dia.) X <J . X

Gutter Spread AN o Y

Ditches and Channels X ‘c\)'( G} LN

BMP Devices M X . NS X

Natural Stream Design ‘5&_ X 6 X

Storage Facilities X ~ RN\ X
X

Floodplain Impacts X X :\)
Table 7-2 Peak Discharge Method Sele&@
cﬁ ”

7.4.1FEMA Flood Insuranc

If a project study site is -re stream that is included in a published effective FEMA FIS,
then the discharges in the FI mary of Discharges table should be used in the hydraulic
model to demons MA re fy compliance. Those streams which were studied by detailed
methods will Ilstc d discharges for the 10-, 50 -, 100-, and 500-year recurrence
intervals. t% mlted detailed methods will only |IS'[ the 100-year discharge.

Copie ective R rts can be viewed and downloaded online from NC Floodplain Mapping

Pr (NCE ebsite (http://www.ncfloodmaps.com).

7.4.2 USG‘&am Gage Analysis

Precedence should be given to analysis of the published stream gage data records when a USGS gage
exists at or near the study site. Published North Carolina flood frequency statistics from continuous
record USGS gages are available from the Flood-Frequency Statistics USGS Gaged Sites web link
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(http://nc.water.usgs.gov/flood/floodstats/gaged/index.html) on the NCDOT Hydraulics Unit website
(https://connect.ncdot.gov/resources/hydro/pages/default.aspx).

7.4.2.1 Peak Discharge Estimation at Gaged Site

The above USGS website provides three types of statistical peak discharge estimates. The first is

computed by fitting the recorded annual regulated peak flows to the log-Pearson Type 111 distribution b
using a localized computed sample skew. A second estimate that is provided is computed from the @
appropriate regionalized regression equation developed for the hydrologic area of the gage statig

location. The third, and presumably most accurate and reliable estimate provided combines Its of .
the first two into a weighted estimate for that gage station. Details on how these estimate Ete @

discharge estimates at gaged sites can be adjusted (by transposition) to ungaged sit mmari@

the following guidance.
L QO

7.4.2.2 Peak Discharge Estimation at Ungaged Site near Gaged Slte Q

@ ation on Qame stream, and
h

that of eference gage station, it

If the study site is not located at the location of a ref \strea
the drainage area at the study location is Wlthlntf cent (
ge staho@compute discharge

is acceptable to adjust (or transposition) the ge fro
estimates at the study location. The recon@?d meth eak diseharge transposition is detailed in
USGS report SIR 2009-5158 (4). This n& d is nobgecommended difference in drainage areas
between the two locations is greater%Mfty perc&%%) ngaged site is located between two
gaged stations on the same stream, twa pea \h ge estm@ n be made using the above procedure
and hydrologic judgment applied to deter ich is tf@ appropriate of the two.

‘s

In 2012, USGS launched the arolmﬂ'&msms application website. In addition to the
recommended use of thls ication f \atftomated drainage area delineation capabilities (see 7.2.1),
this application is al q mended f e in computing discharges from USGS regression equations at
ungaged sites. Rur arge ates are computed from the rural regional regression equations
presented in Sl 9-5158 rban and small rural basin discharge estimates are computed from the
regression eqéﬂs pres é@reports SIR 2014-5030 (62), WRI 96-4084 (5), or USGS Fact

Sheet 00Z-Q0 (63), a le. Inthe event that the StreamStats website is unavailable, refer to

guida e ref reports.

7.83Rati @I%od

The Ratlonal Method estimates the peak discharge (Q) in cubic feet per second (cfs) as a function of
drainage area (A) in acres, mean rainfall intensity (1) in inches per hour (for a duration equal to the time
of concentration, t¢), and a dimensionless runoff coefficient (C). The Rational Formula is Q = CIA.

7.4.2.3 Peak Discharge Estlmatlo nga e
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NRCS methods (49) for calculating t; should be used. Minimum value for t. should be 10 minutes. An
upper limit of 20 acres drainage area is recommended for applicability of this method.

7.4.3.1 Rational Runoff Coefficient

The value of the runoff coefficient (C) increases with the imperviousness of the surface cover. Table 7-3
provides some commonly used values for various surface types (7). The higher values in the ranges
shown should be used when the terrain slope is steep. Less permeable soils warrant higher range C
values. Likewise, areas such as grassed medians and berms behind curb and gutter may also war

higher C value because of reduced permeability due to soil compaction performed during con @ .

TYPE OF SURFACE C 0

Pavement 0.7-0.9 @

Gravel surfaces 0.4 -0.6( Q
Industrial areas O& é
Residential (Single/f2mity) .
S \e@n

Residential (

unoff Coefficients

Table 7- %ical R%’oukal

N
7.4.3.2 Rainfall Intensity @ \\

Rainfall intensity (I) d %e obtain om the NOAA Atlas 14 published report (47) and
corresponding PreC|p Freq c Data Server (PFDS) website, where “I” values are tabulated for a

range of duratio d storm quenC|es at user-selected locations. In the PFDS table, the duration
which is clos e co |me of concentration (tc) value will be used to obtain the corresponding
“1” value tQ usemn the Formula. A minimum t. of ten (10) minutes should be used.

ite to e PFDS is: http://hdsc.nws.noaa.gov/hdsc/pfds/pfds _map_cont.html
pend n example of how to use the PFDS to find rainfall intensity values for a given
project Io

Intensity values in GEOPAK Drainage (68) are hard coded into the Drainage Library and may not exactly
match the NOAA Atlas 14 values for a given location, but should be relatively close. For routine storm
drain system design, use the intensity values generated within GEOPAK Drainage.
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7.4.4 NCDOT Highway Hydrologic Charts

The NCDOT Highway Hydrologic Charts, corrected and digitally reproduced from the 1973 State
Highway Commission charts, are provided in Appendix C. They should primarily be used for sizing of
small pipes.

7.4.5 NRCS Method —Storage Routing @b

Natural Resources Conservation Service (NRCS, formerly Soil Conservation Service) method
in TR-55 (49) and TR-20 (48), are recommended for hydrographic storage routing. The TR-
presents simplified hydrologic procedures for estimating flood hydrographs and peak dis¢ha
watersheds. The model begins with a rainfall uniformly imposed on the watershed ov@peoifie

Mass rainfall is then converted to mass runoff by using a runoff curve number (CN@ich isb &9\
soil type, land cover, impervious area, surface storage, infiltration rate, etc. Ru@‘f is then o@e
hydrograph to develop peak discharges applying hydrograph routing proced

unoff e, etc
TR-20 provides computer-aided hydrologic analyses for estimating floowdrograph §emscharges in

dtoa

both small and large watersheds. For current soils datNe NRCS il Survi site is
recommended (http://websoilsurvey.nrcs.usda.gov/ mePa ). Public domdin software

programs available from the Army Corps of Erfginedrs Hydraulic gineer'
acceptable to perform hydrograph calculati routin hydr
approvaéf) e Stat

FHWA and AASHTO (1,2,7) may be US{@
7.5 Accuracy of Hydrologic EstimaZs \QO 0

ter (HEC) or NRCS are
methods supported by
raulics Engineer.

The USGS scientists used various statisti thods to hydrologic analysis to develop

regression equations for estimating pea& arges for b‘oth gaged and ungaged sites. It takes into
account the complex geomorphic system of precipitatign, evaporation, evapotranspiration, infiltration,

overland flow, impoundments, e flom,hglts e hydrologic analysis is not an exact science. The
accuracy of the estimated dijsé es may ignificantly depending on location and other contributing
factors. For example, t gé stanQerror for the 10-year peak discharge in the Piedmont region is
25%; whereas, it is the 500-year peak discharge in the Sand Hills region (62).

It can be argxﬁ@som% gic methods are more accurate than others; however, estimated
discharges¢shobid be ca to locally observed or measured events. Methods should be applied within
their li fappllc nd with understanding of the underlying assumptions and hydrologic
inei E . While detailed hydrologic analysis is not practicable and would be beyond

S

normal NCDOT hydraulic engineering practice, the design engineer is encouraged
from any hydrologic procedure to historical data. For bridge hydraulic analysis
(see Chapteng), these NCDOT Guidelines recommend that comparison be made to at least one historical
occurrence.
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8 BRIDGES

8.1 Overview

The primary goal of hydraulic design for a bridge is to provide sufficient hydraulic conveyance to safely
and efficiently convey the floodwater without adversely affecting channel stability, the floodplain, the

roadway facility, or adjoining properties. The design engineer is recommended to reference Chapte@
(Hydraulic Analysis for the Location and Design of Bridges) of the AASHTO - Highway Draina
Guidelines (1), NCDOT Bridge Policy (44), FHWA Hydraulic Design of Safe Bridges (27), .
floodplain policy statement in Federal Aid Policy Guide, 23 CFR 650A (8), and FHWA @

Guidance on 23 CFR 650A (30). ‘\C)

The design of a bridge at a stream crossing requires a comprehensive engineering a@nach that |@Jes
data collection and documentation, hydrologic analysis, hydraulic analysis, scoyt evaluation

environmental impact evaluation, economic consideration, and documentati he fina n. The
design procedures presented herein will ensure a systematic process tha equa €ss most
bridge crossing situations. \

Q)

8.2 Priority for Consideration of HydraullcStﬂ& Typ ommend

The recommended hydraulic structure typ@j be co@j in the(hgv)mg priority order:

1. Pipe culvert, circular or arc
2. Box culvert, conventional fo -srded r Wd s or alummum box
3. Bottomless (three-sided) culvert, fi n scour nt rock
4. Bridge
8.3 Data Collection and Docum %
Information gathered during v&desrg and field survey is to be assembled for the study site.

This process will includ
(@) Review of th@rmrna e§\gn eport (Appendix D), as well as available survey information.

(b) Devw e Survey and Hydraulic Design Report (BSR, Appendix E). Prior to
lo ento\f al design, the following information and guidance should be followed:

he drayving scales are normally set at 1 in. = 50 ft. horizontal, 1 in. = 10 ft. vertical. The
hardcopy BSR is a standard letter size document (typically 25.5 in. by 11 in. tri-folded). Ifa
r shieet exceeding the typical BSR size is required, it may be trimmed and folded to the
dard letter size. Hardcopy original reports, signed and sealed by the responsible
professronal engineer, are maintained in the Hydraulics Unit files, in addition to a digital
archive of scanned copies of the reports.

8-1
11/21/2016



2. Information to be shown on the profile view includes, but is not limited to, the following:

o Centerline station, skew, structure (existing and proposed), span arrangement, lowest low
chord, and natural ground (upstream and downstream) to accurately depict the floodplain
and channel. In event of dual parallel bridges, separate profiles for each bridge may be
needed. Inclusion of a typical section detail relating design grade point to centerline
elevation is recommended.

e Design and 100-year water surface elevations. b

o Historical floods data, such as the high water mark (elevation) and date of flood, etc

e Existing and proposed features, such as utilities, road grades, drainage structures
superstructure, bent locations, riprap armoring, etc. (Existing bridge and piers s@id be
shown with black dashed lines.) @

e Adjacent structure elevation(s), such as the lowest adjacent grade and fi d floos\\
elevation of buildings, etc

e Water surface elevation at date of survey and normal water su %getatl Q
a.k.a. ordinary high water) elevation {

e Theoretical scour depths O Q

e Design scour depths (added later fromaGeotechnical r; ’\when re e‘(ed)

e Elevation of rock line (if applicable}&geotech %bsurfac@estigation

e For coastal tidally influenced hri so sh (mea h water), MTL (mean
tide level), and MLW (mea. er) elevi Tidal mformatlon can be
obtained from the Nation nic andéﬁpherlc inistration (NOAA) website:

WWWw.Nnoaa.gov

e Excavation in flood?!'(note ele s) if a@b
o Sufficient vertical cle anc% ridge f tenance and inspection activities

3. Information to be shown 0& iew mcludgit is not limited to, the following:
e Natural features, s tream chsﬁehshowmg water’s edge and top of bank, the

existing land us ype(s??@st ive cover in floodplain, jurisdictional streams,
iparia rs.

atures in plain, such as buildings, houses, roads, utilities, levees, etc.

e Ma J‘E:?

o Exim ridge jgack dashed lines
way su ation

.Qimits o{@or spill-through end bents

o

For 'v@ ow, show direction of flow and stream name

@S Inc tidal areas, show direction of flood tide (landward/rising) and ebb tide
@ ward/falling)

e Surveyb

arrow, stationing and alignment
& Floodway Boundaries (for FEMA Detailed Study streams only)
e Pertinent finished floor elevations on adjacent properties
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8.4 Hydrologic Analysis

This phase involves the development of a number of discharges on which the performance of alternate
designs will be evaluated. While the guidance in this chapter is intended to be specifically related to
bridge design, much of the hydrologic analysis information presented here may be applicable to culvert

design as well.

The hydrologic analysis for bridge and culvert designs should entail: 5@

(a) Determination of a drainage area, land use, hydrologic region, etc. for the site.

(b) Developing flood discharges for a range of flood events. (See Chapter 7 Hydr
ﬁgﬂ

(c) For the stream crossing that is in a FEMA Flood Insurance Study (FIS), the de ginee
use the FIS discharges to evaluate compliance with FEMA regulations. Th

ng
should determine whether the FEMA discharges may be used for devel e hydr&
design. If there is considerable disparity between the FEMA study %d results S
er shou termine the

hydrological procedures presented in these Guidelines, the desi
more appropriate method to use for developinM\he hydraulic&g

justification for it on the BSR. @» @
8.5 Hydraulic Analysis &

and dom@ nt'the

©

This phase involves hydraulic analysis ew aneksele on o more alternatives. The bridge
hydraulic design is typically based o e dlmen i0 flow’r step backwater analysis.
HEC-RAS is the most commonly used’and ccepted lic modeling software (22-24) to
perform this type of analysis and is there preferre are for most NCDOT bridge hydraulic
design applications.
The design engineer should de\qx\e HE model with consideration of the following:
e The cross sect figur \s shown in Figure 5-1 of the HEC-RAS Hydraulic
be utilized.

Reference (23)
e Akno rting wateéface elevation is preferred to be used as the downstream
for a subcritical run. Slope conveyance may be used if there is not a
l@vn startin er surface elevation.

e begi N ownstream section of the model should be located an adequate distance

fron\r'@i y expanded flow section (Section 1, exit) to allow the step-backwater
Ions to converge to a correct water surface elevation before reaching Section 1.

@ o %mlttent sections may be added to the model to ensure model stability.

Q All HEC-RAS hydraulic models should be analyzed as subcritical flow regardless of the
channel gradient, unless use of alternate analysis method (e.g. supercritical flow or mixed
flow) is approved by the State Hydraulics Engineer.

e Reliable historical flood data, if available, should be used to calibrate the model.
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e Publications FHWA TS-84-204 (9) and USGS WSP 1849 (66) are good references for
selecting Manning's roughness coefficient (n) values.

o Utilize the HEC-RAS project file system to document all geometric, flow, and hydraulic
design data configurations (plans) analyzed, including all water surface profiles, cross
section plots, structures, and various output tables. HEC-RAS files submitted for
approval should follow established naming and content conventions as specified on the
Hydraulics Unit website. Final design recommendations and supporting data from b
HEC-RAS should be appropriately documented on the BSR. @

Bridges in hydrodynamic, complex flow environments or tidally influenced areas may warr. atlon
of unsteady or two-dimensional flow analyses methods, which are not discussed here. T

engineer is advised to reference FHWA (27) for guidance and to obtain approval from

Hydraulics Engineer before commencing design and analysis work using these me

8.5.1 General Design Criteria Q
The selection of an optimal final design alternative is compllshed b;Q@ atlng y esults with
respect to acceptable design constraints, which are % ed by b eral and ific criteria.

e Auvoid creating adverse impact of i mcre oodw @(h on prc)@!s upstream and

downstream.
o Flow velocities through the hydr ic ct re(s uld no %n channel instability or flood
damage to the highway faci djacent %Sﬂgrty ?8
o Existing channel and floodplain flow p

re mai to the extent practicable.

e To the extent practicable, the level servi ided should be consistent with the
functional classification of the hi and proj traffic volumes unless a design variance is
warranted. K N

e Project should result in %al disrwt@cosystems and values unique to the floodplain and
stream. \\

e Assess the floodplai cts to p @ rties during project construction, such as utilization of

temporary caus -site detour and staging areas.
ocatio spaC| g, and orientation are designed to minimize flow disruption,
debris ¢ tion an

ds tential.
e Ensu liancé @latlonal Flood Insurance Program regulations.

8.5. 1 Reglor\ Design

NCD% FHWA approved guidelines establishing controlling design elements for new and
recenstruct on the state roads designated as minor collectors, local and secondary roads, which
were pubI| n the NCDOT document Sub Regional Tier Design Guidelines for Bridge Projects (57).
If a bridge pro;ect is designed to the standards set forth in that document, no formal design exception
approval is required. The design engineer should read and become familiarized with these sub regional
tier guidelines to ensure that an appropriate design process is followed.
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8.5.2  Specific Design Criteria

8.5.2.1 Climate Change and Extreme Weather Events

Transportation infrastructure is designed to handle impacts of a changing climate, such as sea level rise,
increased frequency and magnitude of heavy precipitation and tropical storms, etc. Preparing for extreme
weather events is critical to protecting the integrity of transportation and ecological (floodplain and
wetland) systems and prudent investment of taxpayer dollars. The NCDOT staff will seek to follow 6
FHWA'’s policy and guidance to develop cost-effective strategies to minimize climate and extrerrggb1
weather risks and protect transportation infrastructure. For example, the design engineer will f e

FHWA publication Highways in the River Environment — Floodplains, Extreme Events, Ris @ .
Resilience, HEC-17 (FHWA-HIF-16-018), June 2016 (26). O .
8.5.2.2 Design Flood Frequency % C)

This is the specific return period (frequency) flood that has been established @elng an ble level
for roadway overtopping, or when roadway overtoppmg is not involved, “mwill be thaﬁ\.je f flood used
for establishment of freeboard and/or backwater I|m s OvertopPing™i q nsidered to be
the point at which the computed water surface elevs vertop i ow elevation;

eir f

however, for bridge scour computations using omputed when the
t|0n he energy grade line
when eftopping s, this should be noted in the

energy grade line elevation exceeds the min

elevation is used as the basis for determipati

BSR and in the modeling narrative, i icable. ble 7‘1 rable design discharge standards
based on accepted inundation levels rélative to r, functi assification. Variation from these or
other specific standard values must be justi% n asse process which reflects consideration for
risk of damage to the roadway facility an@ propertl@fﬁc interruption, cost, environmental
impacts and hazard to the public. %

8.5.2.3 Backwater é \\

Backwater is defined as thé dh ncei stream water surface elevations between the
non-encroached an r@ ed conditiogimposed upon the floodplain by the highway embankment and
proposed structure. | d\ easuregrat the upstream toe of the roadway embankment. Backwater for the
100-year event s be Ilmm no more than 1.0 foot. If an existing structure already creates a
100-year bac r in ex 0 foot, the design engineer may seek to replace it with a structure that

reduces th at r, pa‘ ed it will not result in adverse impacts to the receiving channel and
down ropert N\ Phe backwater for the design year flood event for the proposed bridge should not

%@ at of t ng bridge.
FowNation surance Program (NFIP) regulated floodplains where no regulatory floodway has
been establghed, the cumulative effect of the proposed highway encroachment combined with all other
existing and anticipated development shall not result in backwater in excess of 1.0 foot above the
established 100-year elevation shown on the effective FEMA Flood Insurance Rate Map (FIRM). It is the
policy of NCDOT to compensate the adjoining property owners for the loss of their property value as the
result of the proposed transportation facility. For example, an increase in floodway width would reduce a
8-5

11/21/2016



property owner’s developable land value. To clarify, “compensate” means to purchase or relocate the
property, purchase floodplain (drainage) easement on the property, etc. NCDOT follows the guidance
provided in the 1982 Federal Highway Administration (FHWA) Memorandum of Understanding with the
Federal Emergency Management Agency entitled "Procedures for Coordinating Highway Encroachments
on Floodplains within the Federal Emergency Management Agency (FEMA)", and the September 1992
FHWA NS 23 CFR Part 650A, Transmittal 5 (30). When a detailed flood study area is involved and its
regulatory floodway is established, typically no increase in backwater is allowed for the proposed
conditions unless a Conditional Letter of Map Revision (CLOMR) proposal is developed and submi

to the community and FEMA for approval. A CLOMR proposal involves a revision in the flood
boundaries to accommodate the proposed transportation facilities without increasing the 100- y@
elevation above the established floodway elevation. All potential CLOMR submittals for N@)

projects must be reviewed by the State Hydraulics Engineer before submittal will be a ém

respective regulatory agencies for approval. See Chapter 15 for guidance concerni A NFIP
compliance. (b %
8.5.2.4 Minimum Length Bridge OK &

For a bridge with spill-through abutments, the ends of brldge sho ically &ted such that,
anywhere along the abutment, a linear projection o II thro ope face normaél to the direction of
flow would provide a minimum of ten feet set m any xﬂ nthec bank or bed. The
minimum length bridge is graphically dep| pend| setback may be required
due to the potential channel mlgratlon an predlctl nor other s,’such as greenway or animal
passage accommodation. This doe cessarll clude spe n of a vertical abutment bridge,
which could further reduce bridge Ie which eI|m|n p|II through slope distance, but

would still require the ten foot setback %

8.5.2.5 Bridge End Bent Cap

Generally, 4 ft. end bent cap dep use 0 dge designs; however, 2 ft. 6 in. depth end bent
caps may be a viable design here ed by site conditions, such as low roadway fill height.
Two diagrams are include endi 5 which depict the dimensions for bridge waterway
opening for both en b depths Qe diagrams should also be utilized to correctly specify the
bridge waterway ope nd bridge rail (and guardrail) flow obstruction in a HEC-RAS
hydraulic modeI the asso b |dge profile drawing in the BSR.

8.5.2.6 ing Bru}%%l and Appurtenances

nances thatway obstruct conveyance of flow (such as attached storm drain system or utilities).
The fol Io iddnce is typically followed by convention for NCDOT projects, but may not be
appllcable every situation. The design engineer should document decisions to justify use of different
methods or criteria than these in the modeling narrative:

o Model existing bridge rail based on height and length, and show as blocked.

e Model proposed bridge rail based on height and bridge length, and show as blocked.

Th @n mi Id exercise judgment when coding in the bridge rail, guardrail, and any other
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e Model, at minimum, the first 12 ft. of guardrail anchor unit at each end of the bridge and
show as blocked (see Roadway Standard Drawings 862.03) (16).

e Model other appurtenances, such as an attached storm drain system or utility which may hang
below the low chord of the bridge, thus reducing the waterway opening, using the bottom of
the obstruction as the effective low chord. Note this clearly in the modeling narrative to
specify the adjustments made to the low chord elevations to account for the obstruction.

8.5.2.7 Substructure and Superstructure Determination b

<

The bridge substructure components (drilled piers, piles, spread footings) are determined by the
Geotechnical and Structures Management Units based on several factors such as subsurface sei
loading requirements, navigational clearance, environmental constraints, etc. Early coordi
Structures Management Unit is recommended at the beginning of the hydraulic design
pertaining to the proposed bridge, such as superstructure type and depth, span arra
longitudinal and cross slopes of deck, deck drainage, etc. Consideration shoul

overtopping flood level, freeboard, and potential impacts of raising the road qgiade Pi
generally be aligned in the direction of flood flow. Span lengths and pi ? d be de5| to

minimize flow disturbance and drift traps as is c0n5|st t to good desij constr, n principles.

Prior to finalizing the design of a bridge, a draft cop BSR S be subml o0 Structures

Management Unit’s staff for comment. .\

8.5.2.8 Freeboard @ E %

Standard freeboard design for brldges hal @ws \

e New location: Provide two (2) fe um ve clearance for bridge superstructure (low

chord elevation) above the des d elevation f rimary route structures or secondary route
Ccrossings over major rivers Pr ide one o’E minimum vertical clearance for all other new

location bridges (includi
o Existing location rep
crossings. Other

Greater freeboard mx eeded for uni issues, such as heavy debris, climate change consideration,
extreme weather wind,*storm su@ ﬁawgational clearance, etc. If the bridge deck is in superelevation,
the freeboard ured

h

w side of the low chord. Furthermore, it is preferable, where
practicable, that the low
Varian e%:the fr
@ﬂ the design.

the superelevated bridge deck be set on the upstream side of the bridge.
requirement must be approved by the State Hydraulics Engineer prior to
; 2.9 i@%ecﬁon
As a minimum, Class Il rip rap should be placed on the spill-through abutment slopes through the
waterway opening, extending beyond the bridge end bents along the roadway embankment 20 feet and

10 feet on the upstream and downstream sides, respectively. Along the roadway embankment, the top
elevation of the rip rap should be placed either one foot above that of the design flood or up to the
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pora& idges).
If ble, provide freeboard as stated above for new location
#maintain the freeboard provided by the existing bridge.
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shoulder point elevation if the road is submerged during the design flood event, whichever is lower. For a
lake crossing, the elevation of the rip rap should be at least two feet above the normal pool elevation of
the lake, or higher, if so indicated by a wave run-up analysis. At the toe of fill, the rip rap protection
should be keyed-in to a depth at least three and a half feet (3.5 ft.) below the ground surface.

Additionally, existing and potential stream bank erosion or instability should be considered, and riprap
armoring should be provided as needed.

8.5.2.10 Bridge Deck Drainage b

A minimum longitudinal gradient of 0.3% is recommended to facilitate adequate drainage of t
deck. Standard practice for structural design has typically been to specify six-inch (dlamete dralns
at twelve-foot centers on all girder-type bridges. For cored slab and box beam bridges, fIQ |schar

t

horizontally through the bridge rail via rectangular deck drains. The standard dimensi n hese

drain hydraulic openings are 8 in. wide by 4 in. high for cored slabs and 5 in. wide @»m hig X
beams. (The actual drain opening is 6 in. high, but will be obstructed by 2 in. pavement ov: These
deck drains cannot be placed any closer than 5 ft. (measured to center of the ng) fr end of
the bridge or from either side of an interior bent and must have a minimufg spacing o ft. enter to
center). If the bridge is on a heavy skew, a minimum et of 6 ft. f e ends r|0r bents of the
bridge may be required. Structures Management U shou cons Ite early as possible
in the design process regarding proposed deck tgas e acco tlons t%)ét constructability.
Examples of structural concerns which ma eck dr ould but are not limited to, the
following:

e deck drains are required for@e span \ 6%

o raised median on the bridge

e sidewalk s\
e Darrier rail for protected bicycl@ rian lane i ed on bridge
e particular bridge rail type nQea ct deckdrain%ocations
If no deck drains are allowed ov r, co&ﬂﬁbf urface runoff from the downgrade end of a bridge

is required, and a grated drop should @ 1zed. If there is inadequate depth for a grated drop inlet,
a concrete flume may be ndi e toe of fill into a riprap pad.

To the maximu ent practi rldge deck drains should not be placed directly over the stream.
The additionaek nce below is recommended:

r

ams with riparian buffers: Bridges that are located within the promulgated
I watersheds, such as Randleman Lake, Neuse River, Tar-Pamlico, etc. for
wh latory riparian buffers have been established, shall not have deck drains which
g% directly into the surface water, open channel or buffer zone (typically measured
eet from the top of channel banks). Measures such as riprap pads may be provided if
needed to ensure that stormwater discharged from bridge deck drains will be released as
diffused flow into the buffer. In the event that safety concerns may warrant placement of
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deck drains within the buffer area, the bridge design will be subject to individual review and
approval by the regulatory agencies on a project by project basis.

Bridges in CAMA Counties: In the 20 coastal counties subject to the jurisdiction of the

Coastal Area Management Act (CAMA), bridges shall not have deck drains which discharge
directly into surface water. Any direct discharge outside the main stream channel shall also

be avoided to the maximum extent practicable (MEP), unless otherwise approved by the
regulatory agencies. For bridges over sounds or the Intracoastal Waterway, the volume of 6
stormwater runoff from bridge deck drains is miniscule relative to these immense wa erq
bodies, and there typically are no practical locations in which to provide effective tr

Bridges in these areas may be allowed to discharge directly into the surface wat

otherwise advised by the regulatory agencies. Most of these bridges also pro ml a“OI(})Q
clearance for boating and shipping traffic, so the effects of the high rise a al wi %

would help to diffuse and diminish any detrimental impact of stormwa bridg

pose an increased risk of hazardous material spills into sensitive rs. For son,
bridges over Outstanding Resource Waters (ORW) and W Supply (S;) waters WS-,

Bridges over Outstanding Resource Waters and Water Supply Wate{s: Stream S@gs may

WS-II, WS-111, and WS-1V may be subject hazardous asin re ents. Hazardous
Spill Basins (HSBs) are structural stor contr gned t arily store
hazardous materials from acmdentéé& If an reqU|r % stream crossing, the
bridge drainage system should brldge throu SB prior to discharging
% and design of HSBs is

into the receiving water. Mo atlon a 0 the ap

available in Appendix these GUId s and in @8 of the NCDOT Stormwater
Best Management Pra% oolbo

Enclosed drain system for a bri k: If g drainage system is designed for a bridge
deck; its outlet should be p far away %ctlcable from the protected surface water.
A preformed scour hole ?igommen t ¢he outlet to help diffuse and infiltrate the
stormwater, unless 0 %MP dewc€dj sed. Closed drainage systems are only specified
for pre-stressed gj é)pe brid will typically be comprised of 6-inch diameter P\VC
ugh the deck connected to a longitudinal drainage system
VL-proof PVC pipe) beneath the deck. To ensure positive

e is desirable for the drainage system. Such closed systems

dralnag&% imum 0.3% s
arebrg?m able a ‘H only be considered as a last resort if no other practicable

deck drains in
(typically

es a e\ ble.

ructure must be evaluated for issues affecting the safety of the traveling public,
ydroplaning. This acceptable spread is dependent on shoulder or additional width
ided on a structure, but generally should not extend into the through-travel lane (see

hapter 10, Section 10.3). Considering the potentially significant quantity of flow from the
deck, it is very important to check the adequacy of the end drains and provide
recommendations for additional measures when warranted.
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The above guidelines must also be balanced with the safety need to limit the spread of storm runoff to
minimize hazards such as hydroplaning and ice accumulation. (See guidance in Chapter 10, Section 10.3
and Table 10-1). Provision must be made at the down grade end of all bridges to adequately convey any
storm runoff not intercepted by deck drains to a storm drain system or outlet. Further detailed guidance
on bridge deck drainage design is provided in HEC-21 (10).

8.5.2.11 Channel Relocation 6

The alignment of the proposed bridge and its piers should be designed to accommodate the exi
channel. Prudent design consideration should be given to bridge crossings over unstable ch Q
susceptible to high levels of bank erosion and channel migration. Repairing an unstable I may b
warranted to determine the proposed bridge length and location of end and interior bents. major
channel modification or relocation in and around a bridge crossing requires a thoro nviron @
assessment review, sound engineering design, cost analysis, and approval by th«tate Hydr((§

Engineer. \O Q

8.5.2.12  Detour Structures \ KQQ O

The design for a detour structure is site-sp genera etour b i ejand roadway grade are
designed to convey flood water during a t@ flood e e hes ary structures may be lower
and shorter than their permanent co The y result i @ral risks, such as traffic
interruption, flood damages to the rt%ﬁﬁd adjor ropem é Generally the detour bridges sit on
two end bents that are supported by steel pi m|n|m th of a detour bridge is the width of the
main channel plus a minimum of five-foo k from nk. On a site by site basis, the five-foot
setback may be adjusted to ensure the i ity of channel s and need of construction access. The
bottom of the detour bridge deck (I &rd) sho I6w at least one foot clearance over the flood
elevation during thel0-year floo t. T rétical scour analysis for the detour bridges may be
limited only to the contractio durin h%‘year flood event. For detour structures on FEMA-
regulated streams, see addi ida hapter 15, Section 15.6. When developing the detour
bridge design, the Djvi ridge Con tion Engineer should be consulted regarding the potential
type of temporary de ridge ctyre anticipated to be utilized for the project.

Detour Survey, ydraquc 19n Report (Appendix E, Item 3) should be used to document design
criteria used F@tour br Sketch proposed structure(s) and roadway grade in plan and profile
showin dway gr

el t@o any r
@ ed and
g I

atron minimum low chord elevation, structure location and size, limits and
scour protection (if applicable), and any channel modifications. These should
fled into a single document to be distributed and filed appropriately.

8.5.2.13 iple Bridge Openings

Roadways over streams or rivers with wide floodplains may warrant multiple openings in the floodplain
to provide better conveyance through the embankment. Where it is evident that multiple openings may be
required, the design engineer should develop hydraulic models to assess the location and performance of
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each hydraulic opening structure. The results of the modeling and performance of these structures should
be documented in the BSR. The guidance outlined in the HEC-RAS Hydraulic Reference Manual (23)
should be utilized.

8.6 Bridge Scour Evaluation

An estimate of potential scour depth is required for all new bridge designs. FHWA has issued a set of
three Hydraulic Engineering Circulars (HECs) to provide guidance for bridge scour and stream stabili
analyses:

/N

e HEC-18 Evaluating Scour at Bridges (11) Q

e HEC-20 Stream Stability at Highway Structures (13) @

e HEC-23 Bridge Scour and Stream Instability Countermeasures (43) CJCJ \§)
Bridge scour evaluation requires a multidisciplinary analysis that involves input frc@ﬁe desi@eer
the Geotechnical Engineering Unit and the Structures Management Unit. Th ign engine{ ein
evaluating scour involves the following three steps: Q

1. Stream stability and geomorphic assessment Q’\'

2. Scour analysis @ @ O

3. Bridge scour and stream instability com ures K @

8.6.1 Stream Stability and Geomor;@smeno Q

The design engineer should evaluate ream st |I y and m@eomorphlc assessment of the stream
crossing. This part of the process |ncI des ta collection, a site visit evaluation and an overall
assessment of the stream stability. This i tion mu ocumented and will be used in the overall
scour evaluation.

Office data collection specific to cour evalu@\ cludes but is not limited to:

e Bridge Routine Insp eportb
e Historical Bndge? epo

e FHWA Sco , reportsQ

o Aerial ph

e Oldst plans. Q
o AvaGeotec ’N nformation

Inf r@n oIIec@ecific to the scour evaluation during the site visit includes but is not limited to:

Stre cteristics - straight, meandering, braided, anastomosed, engineered
. Flg in characteristics — natural, agricultural, urban, suburban, rural, industrial etc. and
susceptibility to change
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o  Overall stream stability:

o Lateral stream stability (plan form) - bank material, bank slope, bank vegetation, bank
erosion, leaning trees, debris potential, floodplain material. Any past or possible channel
migration should be noted.

o Vertical stream stability (profile) - bed material, degrading, aggrading, stable, scour
holes, pools, riffles, etc.

e Stream response - stable or subject to change. b

o Debris potential - leaning or undercut trees along banks, size and quantity.
e Scour at existing bridge to be replaced (if applicable) - observed conditions around emQ'7 |ers
and spill-through slopes, indication of previous scour, depth etc., foundation type 0

visible?
O

Based on the above evaluations, the design engineer should make an overall assess of the
stability. In particular, the design engineer should note the potential for lateral ﬁtmg (mig of the
channel when evaluating scour of piers and or abutments close to the chann

S Pot@ or lateral
shifting (migration) of the channel should be con3|dered in the layout brldge (1 of piers and
or ends of bridge). See following guidance for calc pler sc butme r. A statement

addressing the overall assessment of the stream stahiti nd its K natlon our evaluation
should be noted on the BSR with the scour con? jons. C)

C)
8.6.2 Scour Analysis ?S \6

Evaluate scour design flood frequency as f \@

@ year flood, analyze scour for the overtopping

Regional Tier and Statewide Tier P%
g scour calculations on the Bridge Survey Report.

1. If the overtopping flgod,Is less
flood only. Sho (and plot ov
2. Ifthe overtop?, f’- is than the 100 year flood but less than the 500 year flood,

analyze he 100 y and overtopping floods. Show and plot both scour calculations
onthe B %q Surve

3. If th @ dway,i @ ertopped by the 500 year flood, analyze scour for both the 100 year

0 year Show and plot both scour calculations on the Bridge Survey Report.
onal Ti Q;cts
@ rtopplng flood is less than the 100 year flood, analyze scour for the overtopping

y Show and plot overtopping scour calculations on the Bridge Survey Report.
the overtopping flood is greater than the 100 year flood, analyze scour for the 100 year
flood only. Show and plot 100 year scour calculations on the Bridge Survey Report.
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8.6.2.1 Contraction Scour

The design engineer should evaluate contraction scour for all bridges. Normally, NCDOT bridge length
provides a minimum 10 ft. setback from any point on the channel bank or bed, as described in Chapter 3,
Section 3.5. Standard practice is to use spill-through sloped abutments lined with Class Il rip rap keyed
into the overbank area under the bridge a minimum depth of 3.5 ft. This is described as contraction scour
Case 1c in HEC-18. Contraction scour typically should only be computed for the main channel and not

the overbank areas between the main channel and the abutments; however, computing overbank b
contraction scour may be appropriate for a bridge spanning a very wide floodplain. \@

Live-bed contraction scour occurs at a stream when there is transport of bed material from th
reach into the bridge cross section. With live bed contraction scour, the area of the contr
increases until a state of equilibrium occurs, at which the transport of sediment out of
section equals the sediment transported in (11).

racteg\\

Clear-water contraction scour occurs when (a) there is no bed material transporgom the up @reach
into the downstream reach, or (b) the material transported in the upstream re@ transp hrough the
downstream reach mostly in suspension and at less than capacity of flow? lear-watergontraction
scour, the area of the contracted section increases untixthe limit, t ocity Oféor the shear stress
on the bed is equal to the critical velocity or the criti ar str certal e size in the bed
material (11). ¢ & é

QO
Design guidance for calculating conﬁacl& our i&?‘inggws 6%

Determine if the scour design flood freque surfacese
conditions (water surface elevation is bel ow chor{ ele
conditions (water surface elevation is aQ e low ¢hord

3 |0n results in non-pressure flow scour
ation of the bridge) or pressure flow scour
Bvation of the bridge).

For non-pressure flow scour ¢ | ns cal ntraction scour using the live bed contraction scour
equation 6.2 in Chapter 6¢ 8 W|th ponent of 0.69. The equation is:

Y2/ y1=(Q2/Q1) 8V\1£Wz)k Q‘s

ﬁ&ra\% tion scour depth)
y1 @

draulic depth in the upstream main channel, ft.
y2 = Hydraulic depth in the contracted section channel, ft. (this is computed by the equation)
Yo = Hydraulic depth in the contracted section channel before scour (Use the upstream internal

bridge section in HEC-RAS), ft.
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Qi = Flow in upstream main channel, ft¥/s
Q = Flow in contracted channel (use the upstream internal bridge section in HEC-RAS), ft¥/s
W, = Top width of upstream main channel, ft. (See note 4 in HEC-18 Section 6.3)

W, = Top width of main channel in contracted section (use the upstream internal bridge section in
HEC-RAS), ft.
ki = 0.69 (for worst case scenario) b

To ensure accuracy of bridge contraction scour computations, the values of y;, Q: and W, O@Qstreamg
main channel to be used in the contraction scour equations should be taken at the upstreaqj ache
section (fully effective unconstricted section). The approach section must be prope d and
channel geometry correctly verified by field surveys. The approach section should @cated

upstream of the bridge just before the flow begins to contract due to the bridge %ening T ‘&
require adding another upstream section in developing the Corrected Effecti C-RA

especially in the case of Limited Detailed Study models, which may hav&een create Qn upstream
approach section that is not within a reasonable distanc pstream to chtly repé}the location at
which flow contraction begins. It also may have o pprOX| channel configuration not based
on field surveys. In some instances, the channé%h and fI in geor@t the approach section
may be considerably different than the cha er the , in whi it would not be
appropriate to use the approach sectlon or the ortraction alculation. If this is the case,

then the values of y1, Q; and W1 ma upstream ion of the natural conditions
model at the bridge location.

The design engineer should also carefully |§x he ch ctlon through the internal bridge
opening. The top of bank stations shou ter defin channel through the bridge opening in the

HEC-RAS model.

Non-pressure flow contractio cond| r overflow bridges should be calculated using clear
water contraction scour e 6 of HEC-18. The equation is:

y2= (K Q) / <@Z ]3”

Ys = %A averag\@actlon scour depth
§ a e equilibrium depth in the contracted section after scour, ft.

Dlscharge through the bridge associated with the width W, ft¥/s
D = Diameter of the smallest non-transportable particle in the bed material (1.25Dsp) in the
contracted section, ft.
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Dso = Median diameter of bed material, ft.

W = Top width of the contracted section less pier widths, ft.

Yo = Hydraulic depth in the contracted section channel before scour (use the
upstream internal bridge section in HEC-RAS), ft.

Ky = 0.0077 for English Units

If the Dso bed material for the overflow bridge is not known, use Ds, for very coarse sand (.007ft.§\
overflow bridge is part of a braided river system then the design engineer should use the live be
contraction scour equation.

/N

Pressure flow scour conditions should be calculated as outlined in section 6.10 of chapter EC1 0
NCDOT practice is to only compute pressure flow scour conditions up to the point of a way
overtopping. Therefore Q.. (effective channel discharge for live bed conditions an rtoppl @) is
not required to be computed. The pressure flow scour equations should be use h the livi

contraction scour equation and/or the clear water contraction scour (for over rldges ted above.

Qﬁ\
Ys=Y2—hp \ K\
Where: C)Q 00 Q
ys = pressure flow scour d

y, = average depth in the co ract g @g)as det@e from the live bed contraction scour

equation or contraction sco

The pressure flow scour equations are as follows: @.\
*

o
©

tion not ove, ft.
h, = vertical height of brldg %kow chord) prior to scour, ft.

be founded on scour resistan
\®
8.6.2.2 ngur 5\\'0

Contraction scour at botto@em (‘@ sided”) is not required since NCDOT requires that these

Evaluﬁscou nternal piers. The design engineer should reference Equation 7.3 of HEC-18
% e the r as shown below:

— 2 %/a)o 35 Fr 0.43
Where:

ys = Scour depth, ft.
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y1 = Flow depth directly upstream of the pier, ft (use the upstream toe section in HEC-RAS).

K1 = Correction factor for pier nose shape from figure 7.3 and table 7.1 in HEC-18

Kz = Correction factor for angle of attack of flow from table 7.2 or equation 7.4 in HEC-18

Kz = Correction factor for bed condition from table 7.3 in HEC-18

a = Pier width, ft b

L = Length of pier, ft @Q

Fr1 = Froude Number directly upstream of the pier=V./(gy1)*? 0 \

V1 =Mean velocity of flow directly upstream of pier, ft/s. @.

g = Acceleration of gravity (32.2 ft/s?)
For complex pier foundations, the design engineer sh se the pro outI| g: 18. An
Excel spread sheet developed for Florida DOT (FD Iso ava for use in Iatlng complex
pier foundations. It can be downloaded from FD eb5|te

(http://www.dot.state.fl. us/rddesmn/Dramaqe/B.[yge Scour- N&v Gmdarf' ).

Based on the stream stability and geom sses enCﬁ’th a note is to be added on the
BSR with the pier scour calculaﬂonsﬁg whethgromnnaot thel r scour was calculated based on
potential channel migration or no chafpel migr : fther ntial for channel migration such that
the channel could migrate to the pier Iocah& the pi should be calculated based on the depth
of flow from the channel bottom prior to @ * Ifthere i otential for channel migration, then the

pier scour should be calculated based o depth 0 03@/ at the pier location prior to scour.

8.6.2.3 Abutment Scour §é \\Q

Evaluate abutment sco a vertlcatment bridges or spill-through abutment bridges that have less
than the minimum 10Mfasetback from any point on the channel bank or bed as noted above in 8.6.2.1.
Abutment scour uatlon is |red for spill through bridges that are designed based on the
minimum bri th o?g unless it is determined through the overall assessment of the stream

stability that abutment ay be a concern.

24-2Q,F: atlon of Scour Depth at Bridge Abutments (69) method outlined in Chapter 8 of
hould DEY ed. Itshould be noted that the NCHRP 24-20 method calculates both abutment and
Fhe equations and procedure are as follows:

Ye = Ya(q/ o)’
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http://www.dot.state.fl.us/rddesign/Drainage/Bridge-Scour-Policy-Guidance.shtm

Ys = Ymax — Yo
where:

Ymax = Maximum flow depth resulting from abutment scour, ft.

yc = Flow depth including live bed contraction scour, ft.
xa = Amplification factor for live bed conditions. b
y1 = Hydraulic depth in the upstream (approach) main channel, ft. Q
o = Upstream unit discharge, ft¥/s. Estimate by dividing the upstream @
channel discharge by the upstream channel top width. \'

g2 = Unitdischarge in the constricted opening accounting for non-u %%ow

distribution, ft?/s. Estimate by dividing the total bridge open@ scharQ

by the total bridge opening width.

ys = Abutment scour depth, ft. A@'\ @Q

Yo = Flow depth prior to scour K
After calculating g2/q1, the design engi &ﬂoul es 8 0 of HEC-18 to compute xa,
The values of yc ymaxand ys may the Iculate on the @ ns above
Froehlich’s Abutment Scour Equation or t @Abut ur Equation as outlined in HEC-18 may
be used if determined to be more appllcat@ approve e reviewing engineer.

)
8.6.3 Plotting Scour QQ O\\

The cone of influenge hole side slgges) for total scour to be shown on the bridge profile view of the
BSR should be at leasthN™4 H: 1 owever, HEC-18 suggests using 2 H: 1 V (ref. 11, Section 7.8). If
only contraction ris calc he design engineer may plot scour depth from channel bottom prior
to scour. Ths@@)f th of the contraction scour should match the channel bottom width. If
there is %St ng s OL(QL under the existing bridge, do not add the calculated scour depth to the
eX|st| t
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Based on the location of piers, the theoretical scour may be plotted as follows:

e Pieris in main channel

Add contraction and pier scours as the maximum scour and plot it below the thalweg elevation at
the pier location. Depth of flow and velocity for pier scour should be based on channel bottom
elevation prior to scour. The width of the bottom of the pier scour should be the width of the pier.
Plot both the side slopes of the pier and the contraction scours at 1.4:1. b

e Pieris not in main channel, but may be later due to channel migration

Add contraction and pier scours as the maximum scour at the pier location and plot it f ’Sﬁe
thalweg elevation. Depth of flow and velocity for pier scour should be based on ch ttom .
prior to scour. The width of the bottom of the pier scour should be the width of tife . Plat 0

both the side slopes of the pier and the contraction scour at 1.4:1. O c’)\\

e Pier is not in main channel with little potential for migration %
Plot contraction scour as noted above. Plot pier scour based on dep ow at cation
prior to scour. If cone of influence of contraction scour interse atlo natural
ground at pier, plot pier scour from this point. §he width oft m of ier scour should be
the width of the pier. Plot both the side s he p| contract cours at 1.4:1.

e Abutment scour

Use NCHRP 24-20 Method to p@utment(}ur Begi plot of the scour at the lowest
S

point in the stream bed out t of t i ge end ote that the NCHRP 24-20
Method computes both contraction and nt sc roehlich’s or Hire Abutment scour
&tlon at abutment.

equations are used, plot abutment grou?

<

8.6.4 Documentation of Scour (the BSR % o

L

The design engineer should i the fol@ information in the “Additional Information and

Computations” section of
e The overall nt of the stré@am stability and its determination in the scour evaluation
o If pieris E:!bj d top iahchannel migration.

e Appro courco ions during each flood event
e Evidence’of exi i ours in and around the main channel, interior and end bents
@h gine ulates the theoretical scour based on the guidelines outlined in this section. This
tion mu ocumented on the BSR, which is provided to the Geotechnical Engineering Unit for

thelr use i@ g the Design Scour Elevations. Based on the Geotechnical Engineering Unit’s
SubsurfaceNnvestigation Report, the Design Scour Elevation may be adjusted from the Theoretical Scour
Elevation on the BSR. The Geotechnical Engineering Unit and/or the Structures Management Unit may
consult with the Hydraulics Engineer throughout the scour evaluation process as necessary. (76)
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8.6.5 Scour for Coastal/Tidal Bridges

The scour equations developed for inland rivers are also recommended for use in estimating and
evaluating scour for tidal flows and storm surge (HEC-18, Chapter 9). The design engineer should
reference section 8.9 of this chapter for guidance in modeling coastal/tidal bridges.

Generally the tide-influenced rivers are characterized by river flows, tidal fluctuations, waves and storrrb
surges. If a structure is affected by both riverine flooding and tidal/storm surge flooding, the de5|

engineer should determine if the worst case conditions of discharge, depths and velocities occur

tides and storm surge or by inland floods. FEMA, USGS, NOAA and USACE records, main Q
records and local interviews are good source of flood records, such as precipitations, floo

durations, depths and velocities, etc. In some instances it may be necessary to evaluat
flooding that would occur from storm surge backwater runoff and the scour that wo
riverine flooding conditions and use the worst case. There may be other cases e hydrom
force is mainly driven by tide, wind and storm surge. An example is the des {transport iohfacilities
along the coast over tidal inlets and estuaries that warrant the use of mo d hydra odels

If the specific variables required for the scour analys@. vaHabI@Qhe hydr@ model used in the

design of the bridge, then the design engineer sh these @

0

The design engineer may use one of the following two for calculation due to storm
surge - Simplified Storm Surge or L ave VI erablllty ethod

Simplified Storm Surge Method s\ :

1. Compute the volume of stor, &ge by m Iying the design basin area by the average depth of
storage, i.e. the dlfferenre’{He gro@ sign flood elevations or overtopping elevation,

whichever is lower q
2. Determine the fl iseHarge Is the volume of storage divided by the duration of surge;
ge Sites, or a minimum of 6 hours.

available fro& by rain ga
@ 43,560 / (t x 3600)

@dlscharge cubic feet per second
A drainage area, acres
d = average depth of storage, ft

t = duration of surge, hrs.

3 Determine average flow velocity through the bridge opening by dividing the discharge by the
bridge opening area (for the design scour flood frequency depth).
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4. Determine discharge in the upstream channel section using the depth of flow (for the design scour
flood frequency depth), channel geometry, channel slope and Manning’s n values. This will require
the use of a single section hydraulic analysis of the upstream channel section.

5. Calculate scour using the applicable scour equations for contraction, pier, and abutment scour
outlined in the previous sections, as applicable.

Level 111 Wave Vulnerability Study Method @b

In July 2013 NCDOT entered into a contract with Dr. Max Sheppard, Ph.D., P.E. of Ocean E ring
Associates to develop the NCDOT Bridge Superstructure Level 111 Wave Vulnerability St S ThIS
study provides Level I11 storm surge and wave analyses for use by structure design en to co

design water levels and wave parameters, which are needed to analyze the forces a ents w

against the dead weight of the bridge members. The study includes hindcasting 62 e mos&a
storms in the state over the last 160 years; developing extreme value analyse ater elev wave
heights, and depth averaged current velocities in the state’s coastal area lete Ilsr@: se design
parameters is available on the Hydraulics Unit website, The design en should in the
development of a BSR, unless a site-specific flood IS deeme@appropr@ he design

engineer should develop the following tidal scour& parar@ sed or@a available from the

Wave Study:

e Velocity of flow and depth of flov@e desn@ floo Y@ency) at the bridge crossing.
e Discharge through the brid {Ql based%he area idge opening (for the design
scour flood frequency deptﬁ%’ﬁplied hg veloci

e Discharge in the upstream channel sing th

of flow (for the design scour flood

frequency depth), channel geom nnel sIo% manning’s n values. This may require the
use of a single section hydrauli 5|s of the ups am channel section.
The Hydraulics Unit should be c ed to obtaln the |te -specific GIS data associated with this study,
which includes the 5-, 10-, 25 nd 100- Xreturn intervals. (If bridge overtops below 5-year
interval, use 5-year data a m for; analysis.)
Computation of sco%@hen beperformed using the applicable scour equations for contraction, pier,
and abutment sc utlined eV|ous sections, as applicable.

8.7 Ecagdmic Co @aon
¥ N

ternate will satisfy all control factors for a site, the evaluation and selection of an

h re tha
optimal alter@m include a cost analysis to ensure that the selected alternate will be the most cost
effective OQ e structure’s life cycle.
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https://connect.ncdot.gov/resources/hydro/pages/default.aspx

8.8 Documentation of Design

All information pertinent to the selection of the optimal final design alternate shall be documented in a
manner suitable for review and retention, including:

o Complete the BSR (Appendix E). In addition to the information already included at the beginniB
of the BSR preparation, also show the proposed structure(s) and roadway grade in plan and
profile, including crown grade elevation, superstructure, low chord, bent locations, limits
shoulder berm gutter (if applicable), riparian buffer zone (outer limit only, where applué’
specification of deck drainage accommodations, limits and elevations of rip rap and@
modifications, typical bridge section, and any necessary details. In the bridge i aW|
is also important to show water surface elevations for Qgesign, and Q1oo. All l&jjrface
elevations should be expressed to nearest tenth of a foot (0.1 ft.). %

nnel

e Provide (in the interior gridded area of the BSR) a performance tabl e natur ; ng (if
applicable) and proposed conditions water surface elevations atx ream toe |on for the

following discharges: Q1o, Qdesign, Q100, and Qswg (0r Qo\,enoppin@ ). Thedistance upstream of
the bridge face at which the proposed condlt ater sur@ evations eferenced should

be specified. @
o Include scour analysis computation BSR |mate GJ depths on the profile view
for both the 100-year and 500-yeaf retutn mterv r for t topping discharge, if less,

respectively). Y\ §

o If applicable, the following note sho qauded i dditional Information and
Computations section of the BSR: x Stream nstream structures that were in place at
the time this project was de5|g e adverse pacted by this bridge project.”

o Provide digital scan of seale approved%R\for digital archive record.
e Provide copies of hydraylie,sgmputer ta files, with complete input and output,
supporting (and consi ith) C(b nding design documentation.

8.9 Coastal /Tlda@
Design and anal@f strea
and storm su !

major diffégences in th
basm% ism pr

0 iled o

Qgs in the coastal region that are subject to the effects of tidal flows
rocedure to that outlined for riverine crossings. However, there are
ogic and hydraulic analysis phases. The design engineer is referred to the
e discussed in HEC-18 (11), as well as more information on this and other
o dimensional tidal crossing modeling guidance presented in HEC-25 (12, 72).
ings of i ts, bays and estuaries present special design challenges, and hydraulic design of
such brid Id be closely coordinated with the State Hydraulics Engineer. A map showing
approximate*coastal limits of tidal influence is provided in Appendix K (61). Tidal influence should also
be confirmed by field evidence and reports from local residents familiar with the project site. For
information on calculating bridge scour for coastal / tidal bridges, refer to section 8.6.5.
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9 CULVERTS

9.1 Overview

A culvert in this chapter is defined as a hydraulic conduit that conveys flow through a roadway b
embankment. The most commonly used culvert shapes are circular, rectangular, elliptical, and arch%
They range in size from large multiple barrel culverts to a single 18-inch diameter pipe, which i

minimum size for cross-drainage. The design process for culverts is similar to that for bridg ngs |n
that it involves: design documentation, data collection, hydrologic analysis, hydraulic an@

design, and economic consideration.

9.2 Design Documentation

Development of a Culvert Survey and Hydraulic Design Report (CSR E) is r@ for any
erwa

structure that is on a FEMA regulated stream, or has a rauhcall% total w opening of
tas

thirty (30) square feet or more, excluding any area of ulvert th uried bel streambed. For
culverts with a waterway opening of less than 30 eet, de ho e summarized on the

Pipe Data Sheet (Appendix G). All design dat \ Data S uld be based on either
HEC-RAS (22-24) hydraulic models or HD, Y-8 (5@5 as appticable.

Documentation on the CSR should i , but is ited to owmg
@) Plot and label the propose stru u anand t rofile views: along roadway alignment

and along the structure allgnm te roa nterline station, skew, and grade point
elevation. Box culvert dim are typlcal cified in terms of the number of barrels at
a given span dimension e dimensj o,g 2 @ 10ft. x 6 ft. RCBC). The drawing scales
in the CSR are typlcdgmch 5@ rizontal and 1 inch = 10 feet vertical. Information
should be limited which i Inent to the structure sizing and location.

(b) Show centerline |@atlon p of footing elevation for “bottomless” culvert) and slope.

Note: Precise | end |Qelevatlons are determined by Structures Management Unit.
(c) Show norma n and 100 ater surface elevations on all views.
(d) Ente@med dat ted structure as completely as possible on the CSR. It is helpful to

enter d ta\ which are not applicable. Use the Additional Information and
tions s?%g o document pertinent important design information not covered elsewhere

e CSR.
t€ so d versions used for computations. Supporting computer data files (e.g.

HEC-R Y 8, HDS-5) and summaries must be included in project documentation.
C@e e performance table for the proposed structure with a comparison to the natural and
exiSting conditions (if applicable) stage-discharge relations.
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9.3 Culvert Data Collection

Information gathered during the pre-design study (see Chapter 3) and field survey (see Chapter 5) relative
to each particular crossing or all crossings in general is to be assembled. Prior to development of the final
design, the following information and guidance should be followed to begin preparing the appropriate
documentation.

9.3.1 Culvert Data — Profiles Views b

There are two profiles that are included in the CSR. One is the longitudinal profile of the ro
showing the floodplain section and the roadway vertical alignment grades for both the eX|

proposed conditions. On this profile, conventionally, the culvert opening and natural are d
at the upstream face; if different convention is used, label for clarification. The ot&lle isa
centerline of the structure, depicting the layout of the culvert relative to the stre@

(1) The longitudinal profile along the roadway alignment: Q
The longitudinal profile should include: natural®ground line s am (ang nstream also, if
significantly different), channel base and b oadwa@ for bo isting and
proposed conditions, existing and prop Iverts, surface ons (as of date of
survey, and normal - if different), floodplainimits, hj | flood elevations
(including dates of occurrence, Ggl ated fr cy), utilityelevations, controlling backwater
feature elevations (bU|Id|ng ed floo tlons a st adjacent grade, roadways,
driveways, other drainage st ures, ov, ng c c.), and general classification of
stream bed and bank materials (cla ravel, he low point of the roadway profile is
the point at which roadway overt WI|| occ is prudent to note this location and

elevation on the profile.
P K % ﬁ

(2) The centerline profile of

This profile shou d, top of banks, existing and proposed roadway

Ccross-sectio ,@t ng and prc@ed culverts, normal water surface (vegetation line — a.k.a.

ordinary high Water) pro?‘mtorlcal flood levels, controlling feature elevations properly

positi éong the ile, and rock line, if identified. The purpose of the centerline profile is to

estab?@he leng ﬂwverts of the proposed culvert by superimposing the culvert barrel on the
way cr ton and stream bed profile. If an existing culvert is to be retained and

@(e ded, @%ndition, top slab and interior web thickness, slope, and opening, should also
] S‘\ noteQ

itional stream details utilized for design or needed for channel realignments are to be
plotted on the CSR. Note: These also need to be included on details sheets in the roadway plans
to ensure they will be followed and utilized during construction.
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9.3.2 Culvert Data—Plan View

Information to be provided on the plan view includes, but is not limited to:

(1) Natural features — stream/water edges, banks, ground cover, wetland boundary, buffers

(2) Manmade features - buildings, houses, roads, driveways, existing drainage, utilities, etc.

(3) Proposed roadway and fill slope limits, retaining walls, easements, right-of-way

(4) Proposed drainage structure(s), channels, rip-rap, etc. b
(5) Floodway Boundaries designated and regulated by FEMA

(6) Other information, such as flow direction, north arrow, survey line and stations, lan s

etc. @ @
O WO
9.3.3 Cross Pipe Data @0 c’)\s

For any culvert with total waterway opening of less than 30 square feet and ream tha @
regulated by FEMA, its design data can be summarized on the Pipe Dat m ppendn@ The design
engineer will also need to reference the drainage plansyor topographl propos layout information.
Note that driveway pipes in roadside ditches shoul dto c e same d@arge as that for
which the ditch is designed (see Chapter 11 R itches nne eraIIy, for driveway
pipes, design documentation on Pipe Data not req howe de5|gn engineer may elect
to do so for those which are 48 inches w{ r or Iar E
9.4 Hydrologic Analysis s\
The hydrologic analysis for a culvert d e romt f bridges primarily due to the smaller drainage
areas involved; however, they m 5|m|Iar o culverts. For more guidance regarding
hydrologic analysis, pleaser hapter logy.
The hydrologic analy&nm vert de ntalls

(a) Determinati e drai are for the site.

(b) Developij Iood disc

- desj arge as listed in Table 7-1
discharge

* QlOO year discharge

@' ertopping discharge, if less than Qseo

@ % 500 year discharge, if less than Qu

tream crossing is in a FEMA Flood Insurance Study (FIS), the Base Flood discharge in

the FIS shall be used to assess the flood impact and compliance with FEMA’s NFIP. If an error
is found in the FEMA hydrologic analysis, an alternate analysis method may be warranted. The
design engineer may request a review from NCFMP and/or the State Hydraulics Engineer for
guidance and approval of an alternative for determining the discharge rates.

9-3
11/21/2016



(c) Record pertinent hydrologic analysis data on the CSR, such as land use change, stream gage,
physical changes (dam, impoundment, etc.).

(d) Provide a performance table of the natural, existing (if applicable), and proposed conditions flood
elevations at the upstream toe section for the following discharges: Q1o, Qd, Q100, and Qsoo
(or Qu, if less). The location of the flood elevations that are compared should be clearly
identified (for example: “at section 1001, 15 ft. upstream of culvert inlet”).

(e) Include details and typical cross sections inside and outside the culvert that depict the design
features necessary to mimic the natural channel, such as back fill of native bed materials, b
benches, sills and baffles, energy dissipators, etc. \@

Q
06\\0
Ke

The first step in developing a CSR is to establish the applicable design criter, @w constrad r|or to
ic

9.5 Hydraulic Analysis and Design

9.5.1Design Criteria

commencing actual structural sizing and location. To the maximum ext abl effort
should be made to avoid or minimize adverse impacts 1@ the natural an en&wents. A sound
culvert design should include consideration for p tion a ent adeQuate opening, safety
of the traveling public, debris loading, channels , sedi ansport onstruction

maintenance, outlet channel protection, life materl I, '8{C» The de5| n gngineer may reference

Appendix F Item 3 — Culvert Avoidance inimizat' sign f E nce.

9.5.1.1 Material Selection ; @ 6

The selection of a culvert may vary deperéu\w its Iocubsurface materials, and constructability.
0

The most commonly used structures arelr rced cgncrete®fiox culverts (RCBC), reinforced concrete
pipes (RCP), corrugated steel plpes§ P), and c
*

structures, the most common sha@a e rec
as well as the size and type o Cture th
guidance below: Q Q

Pipe culverts: )
Material seleﬁ@soci
applicable guidance pre

the NC Roadwa

Box culveﬁ typically comprised of reinforced concrete, either precast or cast in place. There are also
large metal structures, arches and box shapes, with and without bottom plates that can be considered for
sites requiring large opening and/or spans. However, unless site constraints dictate other culvert type, the
design of the culvert should be developed based on a four-sided, cast-in-place reinforced concrete box
culvert. Any culvert design alternates to the approved CSR proposed by the contractors during
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construction should be reviewed and approved by the State Hydraulics Engineer. Maximum fill height
tables for some standard size metal arch structures are provided in Appendix H.

9.5.1.2 End Treatment

Headwalls are generally used on the inlet end of a 36-inch diameter pipe culvert or larger. Maximum
height of headwalls shall be one foot above the pipe structure. Neither Mechanically Stabilized Earth 6
(MSE) nor Modular Block walls are considered appropriate for culvert headwall application. If the @
culvert is 150 feet or more in length and functions in inlet control, an improved inlet design may
considered. The outlet end of a pipe does not require an endwall, unless an exception is warr, such

as limited right-of-way, buoyancy on metal pipes, eroded channel, pipe-disjoint potent |aI
guidance on end treatment of parallel pipes, reference section 5-20, of the Roadway D anua

9.5.1.3 Allowable Headwater & &%

The allowable headwater elevation is established based on an evaluatiorbgf;l d elevationgfreeboard,
upstream structures, and proposed roadway elevationsN\I he headwat is mdgd from the design
flood elevation to the invert of the inlet of the culverfﬁhenera Id not exceed'the lowest
upstream shoulder (overtopping) point eIevat|0ﬂ oadw ’g\ eIevatl@)out twenty percent
higher than the height of the culvert, which wer. For es functl@ y classified as Major
Avrterials (Interstates and primary routes), imum fr of 1.5 feetis recommended. Other

factors to consider include impacts a(& propesties, potenti ge to the culvert and roadway,
level of service, cost, safety, channel ity, floo@l regu available detour routes, etc.

culvert during the design flood and 100— ents. An tion may be allowed when it is located in a
rural area with no appreciable flood dax mpact I1§fl odplain or adjoined properties. For a road
project on new location, the new cu% ould in more than one (1) foot of backwater over the

For a culvert replacement, the headwater o osed a@should not exceed that of the existing

natural condition. Also refert ce re ackwater in Chapter 8, Section 8.5.2.2.

If the replacement or new regulated stream, FEMA'’s base flood elevation (BFE)
should be used as the a e head Ievatlon to size the culvert. If the proposed design would
result in a change in he desjgn engl er should obtain a Conditional Letter of Map Revision

(CLOMR) or M andum 0 e ment (MOA) approval.

9.5.1.4 Nultlpleg@!

NTultiple may need to be considered such as when roadway embankment is low in height or
t annel i and wide. The recommended minimum barrel dimension for a box culvert is five
(5) feet in% idth and height. A multiple barrel box culvert is more economical than a single barrel of
the same hydraulic conveyance, due to its structural requirements for the top slab member. When the
total width of the multiple barrels is larger than that of the channel, a review should be made to evaluate
the need for barrels to be set at different elevations to minimize head cut, channel instability, and
aggradation.
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9.5.1.5 Sills and Baffles

Sills are vertical walls attached to the culvert bottom, placed at both the inlet and outlet of the culvert to
mimic the natural channel opening. Baffles are vertical walls attached to the culvert bottom placed at
designed intervals inside the culvert to maintain a low flow channel for aquatic organism passage. In
general, one barrel passes normal flow and the others collect sediment and debris. Normally all multipl
barrels are built on the same elevation. The low-flow barrel(s) is (are) buried one foot below the
streambed and aligned with the natural channel; other barrels are installed with engineered sills t g&
the existing channel width.

/N

<
The force of the high floods may result in a natural flushing of sediment and debris ou barre \0
depending on the available headwater, vegetation growth, backwater from the recei ream, etC.
there is heavy accumulation of sediment in the barrels of an existing culvert, thgscauSe’and so
sediment accumulation should be investigated, and mechanical removal of s&nt shou
considered. If site conditions clearly indicate that excess sediment insi rel Wou flushed out
of the barrel in high water events, the design engineer #ay perform t ulrc a |s o the basis of
the total clear width and height of the barrel (excludi@e buried ) being a ble for flow
conveyance. Conversely, if a culvert is in an agq%1 han o stre storation is planned, the
total clear width and height should not be a% effective ow convéyaRnte in the design. Sills are

normally placed in each barrel of multiple d culv etain th@ve material in the culvert as
well as to minimize head cutting. K E @

Normally, native material is preferred backfll Iverts. Refer to guidance provided in
Appendix F Item 1 for design details for Si baﬁles% dditional information and guidance
regarding accommodations to faC|I|tat ¢ organism passage and habitat, see Appendix N Stream

Crossing Guidelines for Anadromo Passa PHWA Culvert Design for Aquatic Organism

Passage HEC-26 (35). Appendi so inclt eference guide which shows the distribution of
potential anadromous fISh habi eams i Carolina.

9.5.1.6 Length a\@nment

Culverts must Ily beslo @
slope, or flatt m shob‘%oint to the top of pipe or top of roof slab of box (not headwall). To the
extent practicable, a should be aligned with the natural channel with minimum transitions made

ough to accommodate the proposed roadway section with a 2:1 fill

be eppening of the culvert and natural channel. When significant channel realignment
an min ment adjustments at the inlet and outlet) is required, a natural channel design may
béwtilized er 11). In general, pipes and box culverts should be aligned with the existing

channel. ew that is referenced in the CSR is defined as the angle measured clockwise from the
centerline roadway alignment in the direction of progressing stations (i.e. “line ahead”) to the centerline
of the culvert. The culvert should be skewed to align with the direction of flow. If a culvert extension
requires a bend to better align with the stream, the existing culvert should be extended a minimum of five
feet along the existing structure alignment before applying the bend. Note that an added bend in the
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culvert will incur an energy loss which must be accounted for in the hydraulic computations. Bends in
culverts should be avoided if the potential for debris to become lodged is apparent.

9.5.1.7 Slope and Sediment

Pipe or box culverts should be constructed on slopes that are consistent with the existing channel to
minimize channel aggradation or degradation. Most culverts are constructed on slopes that are less tha
ten percent (10%). For concrete pipes on steep slopes, a junction box and/or an end wall is recomm

at the outlet. Culverts on steep slopes may result in major maintenance issues, such as deformati
negative pressure, seepage, joint separation, outlet scour hole, sink hole, etc.

Normally the inverts of a culvert should be set at an appropriate depth below the natur 0 enswﬁAr
passage of aquatic organisms. This depth may range from a few inches for small p' one (1) oot for
large culverts (refer to Appendix H, Pipe Bury Depths table). All box culvert i | ould

minimum of one (1) foot below the natural bed (unless extending an eX|st|n rt that ed) If
shallow, non-erosive bedrock is found three (3) feet or less below the st prop a bottomless
(“three-sided”) culvert may be considered. Confirmatign from the G |cal U the depth of the
rock line along the length of the proposed culvert is d.

Most culverts do not encounter sedlmentatm? ad c@s if th Qﬁform to and are aligned
IS

with the natural channel. A stable chann ected to\balance ergsion,and deposition of sediment,
achieving equilibrium over time. ert isin rading cm t may result in upstream head
cutting and scour holes downstream xamples renche tream channel, urbanized
channelization, channel straightening, etc. ert is i radlng channel, it may accumulate
sedimentation inside and outside the barr h may r periodic channel and culvert cleanout to
maintain design conveyance. Exampl rosion from development in the watershed, flow blockage,

| are heavily silted, the design engineer should
eyance, unless the excessive sediment is proposed to
and measures provided to prevent recurrence of the
EC-RAS to perform sediment transport and mobile bed
computations to det@ e availablewydraulic conveyance of the culvert during the flood event of

ponding downstream, etc. If the CUK d/or ¢

interest.

9518 T Qr s'\§>
o
taieC%epth.

those on F, regulated streams, tailwater should be determined using HEC-RAS (discussed below).
Effects of downstream controls and constrictions must also be considered. Tailwater calculations should
be documented in the Additional Information and Computations section of the CSR or on the Pipe Data
Sheet, as applicable.
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9.5.2 Culvert Design

Culverts which are not on FEMA regulated streams may be analyzed using the FHWA'’s Hydraulic
Design of Highway Culverts, Hydraulic Design Series No. 5 (HDS-5) (14) methodology or by
HEC-RAS (22-24), as appropriate. HEC-RAS should be used if proposing to replace a bridge with a
culvert or in situations where a more detailed step backwater analysis is needed.

Special design situations that may affect the load bearing of the structure should be coordinated with b
Structures Management Unit as early as possible in the design process. Examples are pipe conn

the culvert, traverse utility lines inside or adjacent to the culvert, “Y” culvert junction, bend in Q

etc. 0
9.5.2.1 HEC-RAS @?’ 6\

HEC-RAS should typically be used when any of the following apply:

e Stream is in a regulated FEMA flood zone 9

o Need to assess flood impact by the proposed ssing to struc adj an roperties
o Establish water surface elevations (by step b ter anal raculv srgn

o Determine backwater caused by a brrdge exrstr ropose nditions

9.5.2.1.1 General Modeling Guldan{

The culvert hydraulic analysis routine§in HE - srmrlar for brrdge hydraulics, except that the
equations for inlet control in FHWA’s HD are us e applicable to compute the energy
losses. HEC-RAS can model many drffe Ivert sha owever, it does not include a shape

corresponding to that of a corrugated a um box ulv\ert which is commonly used in North Carolina.
The design engineer may refer to endrx FIt r modeling guidance for a corrugated aluminum

box culvert. Bottomless (“th ) cul \ ctures typically have either a flat top or arched top
waterway opening. (An ar struct y be modeled as a flat-top structure, ignoring flow area in
the arched-top portron mg | RAS runs.)

As a one-dimensij w modelin tﬁol in culvert analysis, HEC-RAS computes the energy grade

on that all flow is going through the culvert. The culvert will typically
erged, before the flow overtops the road. If the computed energy grade
elevatiomis\greater t eir (overtopping) elevation, then weir flow occurs, and HEC-RAS performs
ant @e oce balance weir and culvert flows to determine the water surface elevation.
@er, the ertopping) flow may not occur at the roadway location directly above the culvert.
The design @1 should review the roadway profile and floodplain to determine where the minimum
elevation fog weir flow (overtopping) will occur. For example, a culvert may not be flowing full due to a
low lying bank that allows the water move away from the culvert, through a ditch and across the road.

elevation wit tral a
be flowing fullhand will
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9.5.2.2  Debris Consideration

The culvert opening should be reasonably sized to provide for debris passage. The general limitation of
design headwater depth to not exceed the culvert opening height by more than about twenty percent has
proven to limit debris problems to acceptable levels. Where experience or physical evidence indicates the
watercourse will transport excessive debris, special debris controls (e.g. deflectors) may need to be
developed or the estimated capacity of the structure reduced to reflect the potential for debris blockage.b

9.5.2.3  Evaluation of Outlet Velocity \®
*
All stormwater outlets must be in compliance with NC Statute 15A NCAC 04B.0109 reg @
stormwater outlet protection. After a given culvert size has been determined to be ade
conveyance of the design discharge, it is important to evaluate the ten-year outlet v
culvert will not result in an adverse effect downstream. If the partial flow outlet yel
discharge (Q10) exceeds the scour velocity for the receiving stream, placeme {ip rap or &
acceptable outlet protection is required. Refer to the ditch stability charts, (A dix J) ermine
acceptable flow velocity. Use the greater of tailwater depth or normal ss&\ﬂepth in &cul ert to
determine the partial flow outlet velocity. In HEC- se thed eam culv@e ocity
(Culv Vel DS) for this evaluation. Chapter 11 B(%Pi%bitch hannel@ovides more detailed

guidance regarding ditch and channel analy@ ign cri : O
9.6 Economic Consideration KC) %Q

\ .

When more than one alternate will sagfy allc ctors fi Q the evaluation and selection of an
optimal alternate should include a cost anal \ nsure selected alternate will be the most cost
effective over the structure’s life cycle. @

9.7 Construction Sequence KQ . Cﬁ\

See Chapter 12 Erosion and ntatior@\t ol, Section 12.3 regarding the culvert construction

sequence plan. \OQ g
O .0
T

S

\\ S
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10 STORM DRAIN SYSTEM

10.1 Overview

The purpose of a storm drain system is to prevent adverse impacts to the existing drainage and to remove
water from the roadway surface, subgrade, and embankment. It consists of pavement drainage, inlet
structures, storm drain pipes, junctions, manholes, stormwater storage facilities, hazardous spill basi
and outfalls. The design process for storm drain systems usually follows the basic steps of planni
collection, hydrologic/hydraulic design, and outlet analysis. The pavement and inlet design
accomplished by a computer program which follows the procedures of HEC-22 (6). GEO
(68) is an acceptable software application for storm drain system design. GEOPAK D
current hydraulic design application that runs within the MicroStation environment event C)
replaced by the manufacturer, refer to the Hydraulics Unit web page for any up

10.2 Determination of Design Constraints Q

Information gathered from the planning document an early proj 0 rdinatio@ g the pre-design
study and field surveys relevant to the storm dram shoul emble esign reference, and
design constraints identified, including the foIIo‘

10.2.1 Drainage of Adjacent Prope@?

The roadway storm drain system maynvolve o
Sometimes improvement of an existing sto
drainage problem. For example adding s
needed to facilitate conveyance of mcr&

adjac rties along the roadway.
syste n&be warranted to alleviate an existing

asins o%nenting cross drain conveyance may be
unoff fgom offsite drainage. Additional improvements for

public health and safety must also idered as prowding trash racks, fencing, and warning
signage on storage basins or Iar draqu ere may be potential drowning or other safety
hazards.

10.2.2 Design F\any an Rat% Intensity

Roadway inle ns ca s, gutter spread, and storm drain pipe system should be analyzed and
designed usin n-year arge (Q10) with a minimum time of concentration of 10 minutes. An
intensity inchesiyo uld be used for calculating spread and determination of appropriate locations
for in ment t ct roadway pavement runoff. For the overall storm drain system and

h as yard inlets and drop inlets collecting offsite runoff) design should be

ainfall intensity guidance provided in Chapter 7 Section 7.4.3.2. In sag areas where
relref by ¢ w is not provided, the roadway design discharge level (Table 7-1, Ch. 7) should be
used for a&ms to ensure level of service for anticipated traffic volume is maintained.
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10.2.3 Gutter Grade and Pipe Slopes

A minimum gutter gradient of 0.2 percent (0.3 percent desirable) should be utilized. When a lesser

gradient is encountered, the gutter must be warped to provide the minimum gradient required for positive
drainage. This minimum slope criteria may also be considered to be applicable to pipe slopes in the storm
drain system. HEC-22 (6) recommends using the minimum slope required to maintain a minimum

full-flow pipe velocity of 3 ft/sec in order to promote self-cleaning. An alternative inlet system, such as a
slotted or trench drain, or elongated throat catch basin may be considered for use in sag or low gradient
gutter sections. Refer to NCDOT Standard 846.01 for standard gutters used on NCDOT roadways (16 6

\
10.2.4 Inlet types @Q

*

<2

The standard inlet for typical 2 ft. — 6 in. curb and gutter is a combination grate and cu ing \
(commonly referred to as a “catch basin” or “CB”), std. no. 840.01 of Roadway St rawings (
Use of other than standard inlet types for curb sections requires project specificappreval. O ,

ditches, and other appropriate locations. Angled vane grates are recommendet*for gradie
three percent. Grates with two-inch or less opening width shall be us eas sﬁto pedestrian

traffic. Traffic bearing inlets and grates (e.g. TB ZGI%N) aret Qcified f p inlets which are
placed in or within four feet of a permanent or te his d t apply to Catch Basins

(CBs), which are considered to be traffic bearj \A usefu ary of standard inlet types
with box depths for various pipe sizes is p eCon the H cs Unit@slte in the GEOPAK
t ikelihood of a paved shoulder

Applications section. Consideration sth S0 be given @I
being utilized as a temporary travel ?’m decidin her te c%or a traffic-bearing structure.
ectio eN

Additional guidance is provided in S n w CD@(Jadway Design Manual (15).

10.3 Inlet Analysis and Design Criteri @

0 inlet ma@n?design:

can bg d in determining inlet capacity. The grate efficiency

hat o llel bar grate.

o Inlet capaci should all or debris blockage by providing twice the required computed
opening (i.e&s me 50%dloekage). Use design frequency from Table 7-1.

e Inlet spa shall be ient to limit spread as required for safe vehicle maneuverability.

criteria are specified in Table 10-1. Allowable spread into the travel

Acceptable desig
m i rr@a conditions (detours, phased construction, etc.) should be evaluated based
t

sections (with no side parking or bike lanes, etc.) the width of the gutter pan is
e “shoulder” width in Table 10-1.

standard grated drop inlets (Dls, 2Gls, etc.) are to be used in shoulder sectiogs; ! dway

The following specific criteria ap

e On grades, the curb
may be assumed
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Roadway Design speed Design Intensity Allowable
T (on grade) or ;
Classification Sag (low point)* Frequency (in/hr) Spread (ft)
(yr)
Major Arterials < 45 mph 10 4 Shoulder * + 3
(e.g. Interstate, > 45 mph 10 4 Shoulder *
US, NC routes) | Sag (low point)" 50 4 Shoulder * + 3 6
Minor <45 mph 10 4 Y, travel lane
Arterials, =
Collectors, and > 45 mph 10 4 Shoulder @0
Local Streets | Sag (low point)’ 25 4 Y traveo o 0
“Applies to shoulder width 6 ft or greater; for narrower shoulder W|dths spre s@
not exceed 6 ft. " Sag (low point) criteria is applicable where there is overland
Table 10-1 Design Frequency and Spread Criteria for Inlet Plagi' Q
e On bridges or when the typical roadway se nclude shouldaQeet or wider), bike
lane, or parking lane, any spread into the& lane be avog or spread on bridges on
urban curb and gutter section road read llowe e travel lane consistent
with that allowed along the appr, to the bri
e Inevaluating spread for ma efficie safe;y, ber to consider the height of curb,
as flow should not be allowed\to excee rb height\F?or standard 6-inch high curb, it is
preferable that the design flow dep% ceed :
e While there is generally no maxi pacing re ent for inlets, no trunk line pipe should
extend more than 500 feet W|th ccess o rb and gutter typical section. For median and

side ditch systems in sh sectl t is an acceptable upper limit.
e Longitudinal runs of eath ro travel lanes should be avoided.

e A minimum vertic %nce of ot from the hydraulic grade line to top of inlet grate or

nlets b de5|gn d for 100% interception of runoff; however, minor bypass
dlscr[@a ownS@l\ is acceptable, provided it is accounted for in design
Bypasswdischar uperelevatlon rollover should not exceed 0.1 cfs.
,ﬁ sumps be used downstream of median ditch inlets to provide 100% interception of
no

f, a as a low point (sag) inlet.
Revi 'minary design plans for low point (sag) locations in roadway cut sections, which
oided if practicable, as they are usually difficult to drain and easily clogged.
e Forhigh volume multilane arterial routes (such as interstates) with more than three lanes sloped
in one direction, it may be necessary to break the superelevation to eliminate potential
hydroplaning hazard. This should be coordinated with Roadway Design Unit as early as possible.
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e On high volume arterial and collector routes with raised median, it may be useful to call for a
2 ft. — 9 in. curb and gutter (requires special detail — not NCDOT standard) in areas where the
pavement is sloped toward the high side of the median, with inlets placed to limit spread to no
more than 3ft. into the adjacent travel lane.

e Standard Drawings 560.01 and 560.02 (16) should be referred to in evaluating median drainage,
as the direction of pavement drainage will differ depending on whether the width of the median
paved shoulder is greater or less than 10 ft. b

10.4 Pipe System Analysis and Design Criteria 5@

e Storm drain pipes should typically be concrete unless a site limitation, such as grad ine
condition, or other reasonable justification can be made to support use of an alter@ materia\
Refer to Appendix H, Item 1 regarding criteria for acceptability of alternate i@mterial
specification. @ C)

e The minimum pipe size to serve a single inlet is 12 inch diameter. F es conne more
than one inlet, pipe under pavement, side drains (driveway pipes), pes hav ength of
more than 100 feet, a 15 inch diameter is the minimum size whi ould be inimum

size for an open-ended cross pipe functionin \culvert i in hes ex drlveway
pipes). Use of 12 inch or smaller diamet@mher tI)K erve a let or driveway)
should be approved by the Hydraulics t%

o When differing size pipes enter and unctio 5|red is to match the crown
elevations of the pipes when pragtica Ie C) Qﬂ

e Pipe systems shall not decr imsizeint sSqwnstrga '%on.

e See additional guidance on piRe materi ionin 10.6.

e Due consideration must be given t of pi lation (Standard 300.01) (16) and fill

height requirements (Appendix i—@ ay be wa d.
e Driveway pipes must compl CDOT Palicy on Street and Driveway Access to North
Carolina Highways (60)

¢ Avoid placement of sig ain sys% ere it would disturb contaminated soils (identified on

ntamin s to be managed by containment rather than removal. If

unavoidable, a infmum, sp@ a sealed (watertight) system through the contaminated area,
nt an exceptiofrto the standard Pipe Material Selection Guide (Appendix H).

Consult edtechni it Yor guidance concerning any additional measures needed.

<
T
ogic an@ulic Design

10.5

rain sys sign is a two phase process involving first a selection of the required surface inlets,
n of a subsurface pipe system to serve the surface inlets. GEOPAK Drainage is an
acceptable& are application for storm drain system design, which is consistent with the following

general design procedure based on HEC-22 (6) guidance:
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10.5.1 Inlet Selection and Placement Procedure

1. Prior to commencing the hydrologic/hydraulic analysis of the surface system, a layout of locations
requiring inlets should be developed on a set of plans. This would include sag points, upstream of
intersections, upgrade of superelevation rollovers, and at locations requiring junction back-of-curb
inlets. On curved alignments, it may be necessary to add intermediate inlets to avoid having to
construct pipes on a curve, and coordination with the Division is recommended regarding this.

2. With the above noted locations determined, the next step is to analyze the runoff and gutter spre 6
along the roadway to establish additional required inlet locations to meet spread and depth crh@
The hydrologic method used will typically be the Rational Method and follows the guidan
Chapter 7 (Hydrology). The general procedure, as outlined in Chapter 6 (Drainage PIa Id be
used to confirm drainage boundaries, flow paths, outlet conditions and other prolect ecia de5|g\
features.

3. The design is to be documented on a form similar to Appendix | Iltem 1. Thei , Junctl
outlets or other features (as applicable) should be numbered in a Iogically endlng or % heir
location referenced to a project station. If the storm drain system numb change e plans
are let for construction, the revised construction numbers should b mented @ esign forms
for future reference. Some computer programs (such,.as GEOP inage) ay also require
the outlet of a storm drain system, as well as pi @(st p| ars, etc,.to bé=assigned a structure
number. Further guidance regarding struct mberin CDOT s is posted on the
Hydraulics Unit website in the GEOPA cation 350

10.5.2 Storm Drain Design ProSdure @ 06
1. Following the above inlet selection a&ion proc, lay out the pipe system to provide a
to

connecting route of flow from the ( the proper edtlet point(s).
4
2. Once initial system layout i |s leted, me@gep is to size the individual pipes.

3. The storm drain de3|gn c |on fo pendix I Item 2 — see Section 10.5.2.1 below) follows a
systematic design pro veI e pipe network from upstream to downstream. Selection of
pipe sizes is acc d ut|I|Z|ng nning’s flow capacity equation, with the limitations on
maximum pipe c y pres n ppendix | Item 6. Sizing of most systems by this procedure is
generally su nt and automated by a software application (e.g. GEOPAK Drainage).

4. The proc@% for hy Nc grade line development is outlined below in Section 10.5.2.2. A check
of t stem b ment of hydraulic grade line is recommended, and can be checked relatively
quéi usin are to perform the computations. However, calculating hydraulic grade line

ally c ery time consuming. Therefore, if hand computations are being used, the design
engineer@ onsider whether the time and effort needed to perform a hydraulic grade line check
of a sy% Is warranted. Conditions that may warrant undertaking this additional design analysis

are:
e Systems with outlets that are subject to high tailwater conditions.
e Systems that transition from a steep to flat gradient.
e Systems on a flat gradient, especially if they have substantial junction or bend losses.
10-5
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https://connect.ncdot.gov/resources/hydro/pages/default.aspx

10.5.2.1 Storm Drain Desigh Computations Procedure

Reference Appendix | Item 2, for storm drain system design documentation, as outlined below in order of
columns from left to right:

1. Inlet number at upstream end of pipe, corresponding to inlet computation sheet
(design number/construction number).
2. Inlet numbers at downstream end of pipe, corresponding to inlet computation sheet. 5@

3. Total cumulative drainage area served by the section of pipe.

4. Cumulative sum of the incremental product of the incremental drainage area multip @
corresponding runoff coefficient (Sum CA) for each inlet contributing flow to th ion. « 0

5. Length of the pipe between study points. O \

6. Time of concentration for contributing drainage area to inlet at upstream e prpe

7. Flow time for first pipe equals inlet time. Flow time for subsequent se onsisasu t|me
of concentration of the previous reach (minimum t. = 10 mmutes) p e of flésubject
pipe.

8. Enter larger value from items 6 and 7 as the deSign time. Us mutes imum value. For
design time greater than 30 minutes, a fI graph r rout p dure is

recommended
9. Design storm rainfall intensity for \equal t n time
10. Design discharge for pipe reach al meth ultrplyﬁA by design intensity.)

11. Invert elevation of pipe inle 6

12. Invert elevation of pipe outlv C) \

13. Invert slope of pipe. x 0

14. Diameter of pipe. This size is to@ ted bastrpe flow capacity (item 16)
c

15. Pipe material (e.g. M — metal, K rete)
16. Capacity is computed usin ing’s @w‘bapacity equation: Q = (0.46/n) (D*®")(S,%°).

A nomograph solution fgf M)iS equa '6x ovided in Appendix I, Item 3. The capacity utilized

for design cannot ex e valu ined in Appendix I, Item 6. Manning’s roughness

material specified in item 15.

17. Velocity basged @ d sign discharge and selected pipe size (can use charts Appendix I, Item 4 or
calculate with'Wlanning tipn and Continuity Equation, Q=VA).

18. Upstrea depth.

19. Rema@ Use t b@ent unusual design conditions, restrictions, allowable pipe material, etc.

IR

Hyd rade Line Development Procedure

A hydrauli e line will provide the potential elevation, under design conditions, to which water will
rise in the various inlets and junctions. This can serve as a check for potential unacceptable outflow or
pressure problem areas within the system dictating a change in the system design.
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Reference Appendix I, Item 7 for hydraulic grade line computations, as outlined below in order of
columns from left to right:

1. The inlet or junction number immediately upstream of the outlet (design number / construction

number).
2. Water surface elevation at outlet, or 0.8 (Do) + invert elevation of the outflow pipe, whichever is
greater.
3. Diameter (Do) of outflow pipe. b
4. Design discharge (Qo) for the outflow pipe. @
5. The length (Lo) of the outflow pipe. \
6. Friction loss (Hs) for full pipe flow. Loss due to flow in the pipe can be computed b Iylng

pipe length (Lo) by friction slope (Ss). Friction slope can be determined from pip h rts
by using the formula: S¢ = (Q/K)? where K = (1.486/n) (A)(R*®"). Sheet 4 ix I, SK
provides values of (K) for various pipe sizes.

7. Contraction loss (Hc). Loss due to contraction of flow at inlet of outflo Com the
;&I flow

formula: H. = 0.25 (V,%/2g), where: V, = flow velocity in outlet pi ); 72 ft/sec?
(gravitational acceleration constant).

8. Expansion loss (He). Loss due to expansion OQQ/VV into the j nS|0 loss from
primary inflow line, given by He = 0.35 (Vi @‘ here wvelom |nIet pipe (full
flow)

9. Bend loss (Hs) loss due to change i of flo &se changd ingafgle of primary flow line.
Bend loss is given by Hp = K (V. ere K | end loss{C cient from the following
list: %

90°K:O.7OQ ’ 400 38 6
80° K =0.66

70°K=0.61 ° K 0. 2

60°K = 0 5 K 20° 026

50°K = \{\(.K’:%.lo

10. Total losses (Hy), ictio action, expansion, and bend losses.

11. Inlet water ur evation. is the potential water surface elevation within the inlet or
junction. (O ater s ce‘elevatlon plus total losses.)

12. Inlet r|m ation or unctlon It is desirable for the water surface elevation to be a
mmn? this elevation. If not, the pipe size should be increased or other

sures taken ticable to lower the water level.

1 rks

Repeat th(@dae for the upstream junction and plot the potential water surface elevation if above the
crown elevation of the outlet pipe.
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10.5.3  Storm Drain System Outlet Analysis

The storm drain system design must include an evaluation to determine that the downstream receiving
channel and property (including its associated drainage features) will not be adversely affected by
increased discharge or erosion from the upstream runoff and is in compliance with NC Statute

15A NCAC 04B.0109 regarding Stormwater Outlet Protection. The design engineer should bear in mind
that the intent of this statute, as it relates to NCDOT actions, is to ensure, to the maximum extent
practicable, every effort is made to avoid or minimize adverse impact to the downstream channel an
adjacent downstream property as a result of stormwater runoff exiting from NCDOT’s right- of-

*
This evaluation should address: @ é @
o Potential effects on the receiving stream when identified as an enwronmer@)ensm%

stream (reference Chapters 11 and 13).
e Potential effects on the highway facility due to downstream outlet i Q cies. %
e Potential effects to other properties due to outlet inadequacies. Q

e Effect of the highway improvements on the downstream fao'gg); ercer&i@n’%se in
ar event

guantity, velocity, depth, etc.) Typically tJKtwo year, fi and t
discharges are evaluated for this analym@. 6

e Potential corrective measures (Wlth of as &@cost) @
e Recommended actions. Q 0 Q

10.6 Pipe Material Selection ?S \6

In 2009, NCDOT developed requirements @ance competition with respect to the
specification of alternate types of culve storm dram‘%m pipes. These were intended to be
commensurate with similar compet quweme ts\fomother construction materials, in compliance with
federal law. Current guidance is ed in A % in a table labeled “NCDOT Pipe Material
Selection Guide”. This table i osted o ydraulics Unit website. If the hydraulic engineer
requires a specific pipe m d class given pipe, this should be clearly specified on the design
plans. Supplementalt ppend are provided for reference; however, the “NCDOT Pipe

Material Selectlon houl@e pre edence if information in the supplemental tables differ.

O
10.7 Drainag umm%@et
% Suminawy*Sheet in the roadway design plans contains a detailed listing of all the quantities
tous pay ety associated with the drainage design for the project. This sheet is generally prepared
oadw @I p’Unit and checked by the design engineer. To facilitate production, a program has
been deve to generate automated quantities from data stored in GEOPAK Drainage (68).
Documentation for this is posted on the Hydraulics website in the GEOPAK Applications section.
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10.8 Treatment of Existing Pipes

When existing pipe is to be removed, or removed and replaced, this should be noted in the drainage plans.
Pipe removal is warranted when the existing pipe is deteriorated and unusable or if it is being replaced in
the same location. If the existing pipe is no longer needed for flow conveyance, but it is deemed
advantageous to leave in place under the pavement, the design engineer may call for pipe plugs (NCDOT
Standard 840.71) (16) at both ends of the pipe. If the structural integrity of the abandoned pipe is a

concern with respect to support of the overlying fill material (e.g. a corroded metal pipe), the design 6
engineer may alternatively call for filling the pipe with flowable material. If an existing pipe withi @
project construction limits is deemed to be in good condition and is recommended to be retaine S0
should be called out on the drainage plans. @
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11 ROADSIDE DITCHES AND CHANNELS

11.1 Overview

A channel is a conveyance in which water flows with a free surface and may be natural or manmade. A

roadside ditch is a man-made channel generally paralleling the roadway surface and distinguished by a E

regular geometric shape. The design process and analysis requirements for roadside ditches and cha
differ. Roadside ditches are roadside and median drainage conveyances that carry surface storm @ﬁ
away from the roads and their subgrade drains. For the purpose of this chapter, “channel™ shal oall
open conveyance facilities not classified as roadside ditches or requiring more than a two foglide base.
Although the design procedure presented is general, the guidance provided is intended to&s sp
criteria and analysis requirements. The design engineer should reference FHWA’s H a7

HEC-14 (28), HEC-15 (18), Chapter 6 of the AASHTO Highway Drainage GU|deI| 1) an i@)&r 10
of the AASHTO Drainage Manual (2) for more detailed design guidance. @

3 Q
> & S
11.2.1  Establishment of Ditch Plan ‘\ K& @

Establish a ditch plan which shows the prc@itch Io@and;@ttems. This ditch planis a

art of the drainage plan (Chapter 6,¢Secti d—itel 7).
p ge plan (Chap §c’&g 0&; . e
11.2.2 Determination of Typical itc%&@ecﬁon 0\

Determine the standard or typical dltc S ectlons for%roject. This is provided by the roadway

11.2 Roadside Ditches

plans typical sections. When a dltc is U|red a the construction limits and is not shown in the
roadway typical section, the foll crlterla followed in establishing a typical section:

e Astandard berm dltc ion sho specified at the top of a cut section where required as
depicted in Road\@s dar g 240.01 (16). Inthe event it is necessary to bring water
down cut sl he hlghwa rainage system when the roadway grade is at a lower elevation
than the ram w jt*erosses, it may be necessary to intercept runoff from the berm ditch

into a rainage Q as depicted in Roadway Standard Drawing 850.10-11 (16), to convey
the rﬂ@?from t T the cut slope to a storm drain inlet located in the typical roadway cut
d,;% Safet ver the pipe opening may be warranted in neighborhoods where safety of
%n ch|I r a concern.

@ Toe of %tches adjacent to shallow fills and flat slopes (4:1 or flatter) should be formed by
co @ti of the fill slope to a desired ditch depth, provision of a base width, if required, then a
stable back slope (2:1 minimum).

e Toe of fill ditches adjacent to high steep slopes should be constructed with a minimum two (2)
foot berm. A wider berm is desirable for very high fills to prevent embankment from filling the
ditch and for maintenance if access is limited from opposite the roadway side.
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11.2.3 Determination of Ditch Gradient

Determine the gradient to be used on all proposed ditches. Roadside ditches included in the typical
roadway section should have a grade corresponding to the roadway profile. When the roadway profile
grade is less than 0.3%, special roadway ditch grades may be established and noted on the plans. Ditchgs
along the toe of fill will generally parallel the grade of the natural ground at an established acceptable ’8
depth. Ditch grades are to be established and plotted on the roadway plans in the profile view. \®

11.2.4  Investigation of Capacity of Ditch @Q

Roadside ditches are to be designed to contain, as a minimum, the Q1o discharge (inclugh
detour ditches). The typical roadside ditch section should be established with suffici pth to
pavement subbase and provide flat side slopes for safe vehicle maneuverability.E T eneral

very generous capacity for the design flow requirements. Therefore, actual ity determia

evaluated on a selective basis at sites on common project grades to verify,ad cy and sh
limitations on the length of ditch run. If there is a Iikeghood of future ent wide%wjg tOward the
rainage

median, this should be accounted for in the median dij is and de riveway pipes in
ditches should typically be sized to convey the sam gn dis I( s that fepwhich the ditch is
designed. Q {

idl si d'tch(ga)on

The size requirements of the project spe g the fill will be established based
on an analysis of the design flood. alysis v&rformed using Manning’s
equation: Q = (1.49/n) A(R?®) (S¥?), issdiSehdrge ir& et per second (cfs), A is flow area in

square feet, S is slope (feet of fall per feet hydraulic radius in feet.

Discharge determination shallfollowtlgn irements of C %pter? Hydrology. The roadway section

including shoulders and slopes shal sider rBan watershed. This capacity analysis is usually
worked in conjunction with the p of\ aluation.

11.2.5 Evaluati@l ch LiningQStability
4

The stability of @ atlve d ings is to be analyzed by use of Charts 1 and 2 in Appendix J. These
charts are ba d the c used V' and base ditch sections. However, a procedure and example

are includ or eval ati er channel configurations. The stability limitation is based on an

est bI cepta city. When applying the chart, if conditions at a particular site are such that
he g ch is located to the left of the stability line (velocity under 4.5 ft/sec), a vegetative

would t@mected to erode. Conversely, if it is to the right of the line, the ditch would be

expected tx stable and erode when subjected to the design flow; therefore, some type of armoring
(such as rip fap) should be used.
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Charts 3 and 4 in Appendix J are provided to analyze the stability of rip rap ditch linings (Types A, B, and
Class I rip rap). They are used in the same manner as Charts 1 and 2 to determine the stability of stone
lining under differing ditch shape and flow conditions.

The Appendix J ditch stability design charts were developed in accordance with the procedures in
HEC-15 (18) which determine the acceptability of given lining type by comparing the maximum shear
stress of the flow to the permissible shear stress of the lining. e

The maximum shear stress of the flow in a ditch can be established by the following equation: 5@

Ta =YdS, Q .
Where, OOQ ;\§)®
e Tgis the maximum shear stress of the flow (Ib/ft?). @ C)

e s the unit weight of water (Ib/ft*). (Typically 62.4 lo/ft®) é K%

e dis the depth of flow (ft)
e S, is the channel longitudinal slope (ft/ft) \ Q’\, K
As the Appendix J charts demonstrate, grass-line@@; ten?ﬁ&@me un when flow velocity

approaches 4.5 ft/sec or greater. Table 11-®ermissi le r stress valyes for typical
non-vegetative ditch liners used by NCDOC)

O
S
Liner dso (in) (Ib/ft?) O \
| Q O
Class A riprap 4 1{.;&\. Q
Class B riprap 8 Qy N
Class I riprap . @

N

Class Il riprap

Table 11-1 Permissi@ Stress (T,

b
Another channel@ used,b OT is Permanent Soil Reinforcement Matting (PSRM), which is a

synthetic ge produ&gg ally used for permanent erosion control or in conjunction with certain
stormwatefcontrol dm specified in the Stormwater Best Management Practices Toolbox (34).
PS % not typi be specified as the primary liner for a roadside ditch or channel; however it

a ecifie %alternative liner where Type A rip-rap may not be acceptable, such as within the
c ecover, r in a homeowner’s front yard. PSRM has a permissible shear stress of 3 Ib/ft%.

Type and &ensions of ditch liner are to be specified in the ditch details shown in the plans. Roadway
Standard Drawings 876.01-04 (16) depict standards for riprap placement in channels, drainage ditches,
and at pipe outlets. For concrete ditch behind a retaining wall, note that Geotechnical Unit has
established standard cells and details which must be included, as applicable, in the design plans.

(https://connect.ncdot.gov/resources/Geological/Pages/Geotech Forms Details.aspx)
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11.2.6  Analysis of Ditch Outlet

Determine any special measures that may be required to mitigate or avoid scour or degradation at or
downstream of the ditch outlet. A check should be made of the transition of flow from a ditch to the
receiving outlet.

Factors to be considered are: @b

(@) Is there provision for a smooth transition of flow from the ditch to the outlet?

(b) Will the outlet adequately handle the quantity of flow? Is improvement required?

(c) Isthe velocity of flow at the outlet too high for the condition of the receiving channe(‘g’prap
other means of energy dissipation justified? (Refer to Chapter 10, Section 10.5.3.)

(d) When the receiving outlet is sheet overland flow, is concentration of flow by t%a pote
problem? Is some form of flow diffusion required?

(e) Is access to the outlet provided for inspection and maintenance? é QK

XN
11.3 Channels \ Q

Channel analysis differs from roadway dltc |s in that olves es |ng a channel
configuration to meet specific site hydrol geom reqmre The requirements for
analysis can range from simple sizing o dltch uct

e to the roadway fill for
interception and conveyance of disc 0 accep@ utlets; ténplex studies of extensive natural
stream and river relocation. In addition to t ce proyidedin this document, the design engineer
should follow FHWA’s Hydraulic Engineer: ircular (18) and Chapters 10 and 16 of the
AASHTO Drainage Manual (2), for fur, I@mdance for ditch and channel analysis. For larger
stream involvement, FHWA'’s HighwaySin the Ri nyironment (19), Applied River Morphology (20),
NC Wildlife Resources Commissi Guidehings far Mountain Stream Relocation and Restoration in
North Carolina (21), NCDE rly N Stream Mitigation Guidelines (45), and Stream
Restoration, A Natural Ch Sig QQ‘ ook (50) are suggested references. It should also be noted

that individual NCDO ision offic y have established criteria for ditch and channel design which
are applicable to con on pra ce§\ in their own Division; therefore the design engineer should
consult with the ion to en that appropriate and acceptable ditch and channel designs are specified

and construch

ing for Stabilization
Riprrap linj %e needed to control erosion. A supplemental geotextile liner may be specified
underneath‘tbe standard riprap liner where warranted and should be shown and quantified in the ditch

details and quantity estimates provided on the roadway plans. For channel capacity and stability
analysis, follow the same guidance used for ditch design provided in Sections 11.2.4 and 11.2.5, utilizing
the design charts provided in Appendix J.
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11.3.2 Realighment of Natural Channels

Realignment of natural streams should be designed and configured to match as near as practicable to the
natural channel in alignment and gradient. Minimum disturbance to the natural flow is always the aim of
good hydraulic design, except in areas where natural flow is unstable or detrimental, requiring restorati

or mitigation measures, which can be incorporated in the highway drainage design. g

For minor stream realignment at the inlet and outlet of structures (less than 100 feet total, approxi @
50 feet each end), the design engineer should follow guidance provided in "Stream Relocation
Guidelines" developed jointly by representatives of the NCDOT and the NC Wildlife Resou

Commission in 1993 (Appendix M). O \

11.3.2.1 Morphological Stream Classification & K®

If relocation of a stream channel is unavoidable, the deslgn of the replac annek s provide
dimension, pattern and profile that affords natural stabiity. A proces ream clﬁsatlon developed
by Dave Rosgen, detailed in Applied River Morp ), has er use accepted for
effective analysis of natural streams and r|vers b ectlve ss|fy|n s on the basis of
channel morphology is to set categories of di stream 0 that ent reproducible
descriptions and assessments of condition%tentlal developed.

Some specific objectives of a cIasm?Q system
e Provide methodology for pre ctin S beha@om its appearance (classification).
e Guide development of specific hy and sed@ ransport relationships for stream type and
state.

e Provide mechanism for co n of da ﬂxfream reaches having similar characteristics.
e Provide a consistent frarérefere municating stream conditions and morphology
across disciplines. %
The general gmdance p the f |ng sections should be followed in analysis of natural

channels.
(\‘*

11.3.2.2 oIIeci&!\br Stream Studies
%n |n flce study as well as a field survey. Much of the information needed for initial

tionc talned from topographic mapping and aerial photography. The field survey
prayides mo d information for refinement of the initial classification as well as the analysis and

design prcﬂks “It should include as a minimum the collection of the following data:
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11.3.2.2.1 Data Needed for Stream Classification

N\

11.3.2.2.2 Data Needed for Stream Analysis an D&%n

channel width (bankfull)

channel depth (section mean)

maximum depth (at bankfull)

bankfull cross section area 6
slope (average for at least 20-30 channel width reach)

valley length (20-30 bankfull channel widths in length)

stream length (20-30 bankfull channel widths in length) Q’\'@
bed material (type, size [Dso]) 00 ;\SC)

bank material (type, size [Dso]) @.
width of flood-prone area

Channel Dimension . A
e pool depth Q\
e pool width C)
e pool area K \
e riffle depth ?‘ @) ‘\6
o riffle area \@ 0
e maximum pool depth @s\ g
< Cﬁ \

Channel Pattern

e meander length
&

*
e amplitude \
e radius of O\
e belt wi
ChannelP$ Q‘s
. @yslope

riffle slo \O

0 pool spacing
length

* ave &surface slope
D el
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11.3.2.3 Establishment of Stream Type Classification

With the above data collected and further determination of stream features such as entrenchment ratio,
width/depth ratio, and sinuosity, a stream type classification can be established following the procedure
discussed in Chapter 3 of Applied River Morphology (20).

11.3.2.4 Evaluation of Existing Conditions e

It is important to assess the existing condition of the stream as it relates to stability, state, and caug@
changes, potential future impacts, and hydrologic and hydraulic requirements. This assessmen

should address: @ @ .
e the watershed, 0 ’\C)
o flow regime,
e riparian vegetation, @
e bank stability, O&
o bed stability, Q
e meander patterns,

o sediment supply and transport, \
4’0

¢

e (debris,

e aggradation/degradation, Q 0 0

e aquatic and terrestrial hab at C) Q

e discharge levels an yance regthirem ent

e evolutionary trend. %
Stream conditions gathered through the asssgS proce Q/ only to the reach of the stream studied,
and may vary considerably upstream and tream as aracter of the valley changes. Some
stream study reaches may be at such a ed state L@mstmg conditions data are of little value in
developing recommendations fo ocated or channel In such a case, a reference stream of

similar classification and mor cal cha ics can be used as a guide for developing study
proposals.

11.3.2.5 Develop\@nd Docume etlon of Proposed Channel Design
4

The above ev @ proces d provide the design engineer with sufficient information and

knowledge néa@ry to a recommended channel relocation or restoration proposal that meets

hydrolo and e requirements and provides a natural, stable system. A wildlife resource

sp h uld b%\u ed for input during the design process. All information pertinent to the
e5|gn be documented in an appropriate design report format.
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12 EROSION AND SEDIMENT CONTROL

12.1 Overview

NCDOT was first delegated an erosion and sediment control program by the North Carolina

Sedimentation Control Commission in 1974. Controlling accelerated erosion and sedimentation is criti
for the protection of water quality in streams and water bodies receiving drainage from NCDOT proj

This chapter addresses erosion and sediment control on NCDOT projects and compliance with g
state and federal regulations.

12.11 Effects of Accelerated Erosion and Sedimentation @?)

Erosion and sedimentation can cause or contribute to a number of water qua@glated prob@
including:

e Elevated turbidity

e Increased water temperatur@.\
e Decreased dissolved ox@ K&
e Increased algae gro\{\ 0

e Loss of aquaticg;(ﬂlg O

e Reduction i conve b
e Increased fl%g @% ‘\

e Reduced storage v i rese@

e Increased filtrati ts for mu | water supplies

< % \
. AN afe
12.1.2 Erosion and Sedi @ontrol K ments

e The North Caroli ent lution Control Act of 1973 and Administrative Rules are
ergy,

enforced byﬁ%@nsion of En
e

NC Depa,
Iand-% g acﬁvi r public or private development and highway construction and
a

main ce. Be@@e

S%n'ventati @srol Commission within NCDEQ delegated authority to the Division of
@lq ays&p ement an erosion and sediment control program with periodic project
ns

of the magnitude of land-disturbance conducted by the NCDOT, the

Minerals and Land Resources - Land Quality Section in the
of Envi ehtal Quality (NCDEQ, formerly NCDENR). The Act applies to

pecti d an annual audit by the Land Quality Section. The NCDOT has responsibility to
com all statutory and administrative rules and all requirements stipulated in the program

de@ on.

The Federal Clean Water Act (CWA) and the National Pollutant Discharge Elimination System
(NPDES) require that construction activities control the discharge of pollutants in stormwater
runoff including sediment. They are enforced by the United States Environmental Protection
12-1
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Agency (USEPA) and by the Division of Energy, Minerals and Land Resources (DEMLR) and
the Division of Water Resources (DWR) within the NCDEQ (formerly NCDENR) through
delegation of authority from the USEPA. An NPDES permit is required in order to discharge
stormwater, and in North Carolina, construction activities are covered under NPDES General
Permit — NCG 010000. The permit incorporates compliance with State erosion and sediment
control requirements along with other stormwater pollution prevention requirements. NCDOT
must comply with a specific NPDES stormwater permit (NCS000250), which incorporates the
requirements NCG 010000, and state nutrient management strategy rules. Both are discusse i

Chapter 13.

The Roadside Environmental Unit (REU) within the Division of Highways has pr| respor&t) for

12.2 NCDOT Erosion and Sediment Control Program

implementing the delegated NCDOT erosion and sediment control program. T rep sion
control plans, develops and maintains erosion and sediment control standard |Is spggtlons
trol and

develops project special provisions, produces training materials for erosiég and sedin@t
monitors active work-sites for compliance with the Seﬁ?@ntation Po?@n Contr

NCG 010000. 74)
A(b' \}é @
12.2.1 Erosion and Sediment Cont c@?

Within the REU, the Soil and Water%eerma ction |s®@ble for designing and approving

and

erosion and sediment control plans for'land ng activ one or more contiguous acres

associated with NCDOT highway constru lan des% onsider a number of factors including

construction sequencing, existing topo . proposed lana=grades, soil type, hydrology, design storm,

required trapping efficiency for :@: i c%cﬁtion of receiving waters, critical habitat areas,
cern

and other identified environmen s\\

More information re he NCD 05|0n and sediment control program including design
requirements for dev ed on h)Q/ay construction projects can be found at:

http://www. ncd_oG//dohk)pm s/dp chief eng/roadside/soil water/

@pana@@}ules

sent, r@uﬁer rules have been adopted by the NC Environmental Management Commission
(EMC) inﬂI use River Basin, the Randleman Lake Water Supply Watershed, the Tar-Pamlico River
Basin, along‘the Catawba River main stem, the Goose Creek Water Supply Watershed and the Jordan
Lake Water Supply Watershed. Highway construction projects are subject to these rules and must
preserve vegetated riparian buffer zones along streams and rivers. These regulatory buffers provide for
only certain types of minimally invasive encroachments. More extensive encroachments must be
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permitted by the NC Division of Environmental Quality (NCDEQ, formerly NCDENR) DWR. The rules
that are currently in effect can be found in 15A NCAC 02B.0233, 15A NCAC 02B.0250, 15A NCAC
02B.0259, 15A NCAC 02B.0243, 15A NCAC 02B.0607, 15A NCAC 02B.0267 respectively. As new
buffer rules are adopted or existing rules are modified by the EMC, these regulatory codes will be updated
accordingly.

12.2.3 Erosion and Sediment Control Inspections b

NCDOT Project Inspectors and the REU Field Operations Sections perform inspections of h|g \
construction activities to ensure compliance with all erosion and sediment control requir
implementation as well as installation, maintenance and effectiveness of devices are eval@ A repo
is generated for all inspections noting corrective actions if needed.

Project Inspectors perform inspections at least weekly and more often after of rai gindings
are recorded in the inspector’s daily report. A list of all needed correctl ent theg@ntractor with
a copy provided the Resident Engineer or the District Eqneer for ma@n nce pr

REU Field Operations staff inspect monthl |f|cant ms or poten V|0Iat|0ns are observed,
an Immediate Corrective Action (ICA) is i to the R or DistfictNengineer. Corrective actions
must begin within 24 hours, and gra |n tlons uspe I are problems are resolved.
Field Operations staff will revisit th(%wlthm five ( ork - or seven (7) calendar days
(whichever is shorter). Serious violatiens ¢ In the iss of a Notice of Violation (NOV) by
the NCDEQ (formerly NCDENR) Land Qu ection sible enforcement actions.

12.3 Culvert Construction Seq@ @

The design engineer should e a culy, \nstructlon sequence plan for each culvert that provides a
total waterway openmg 0 0) s% eet or greater. These plans are provided to Structures
Management, Roadsi |ronmental Traffic Management Units to assist with culvert construction.
The construction e plan Qﬂprlsed of a construction sequence narrative and figure, which
provide a descgi of the equired to construct the culvert to manage water conveyance and
erosion contr he cons &on sequence plan is intended to serve as a reasonable and acceptable
method lq%iomp @ructlon however, there may be other methods that are found to be more
appto d ac%b e. Construction sequencing should be discussed and agreed upon during the

iel ection%I inal construction sequence plan will be developed by the REU and included in the
praject’s ero@ rol plans

The design engineer is responsible for the calculations required for the construction sequence plan,
including stream diversion flows, pipe and diversion channel sizing for stream flows, volumes for
sediment basin and sediment bags, and excavation quantities for diversion channels.
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Temporary stream diversions and pipes are to be sized for the mean daily flow, which should be
computed based on the normal water surface elevation (vegetation line — a.k.a. ordinary high water) in the
channel as determined from field review.

Volume needed for temporary basins or sediment bags for treatment of dewatering effluent from

construction areas are calculated using the following formula: b
= [L x W x (NWS+1)]/27 Q
Where: @
V} = Volume needed for temporary basin or sediment bags (yd®) 0 \,
L= Length of culvert plus required construction access (ft) @'

W = Width of culvert plus required construction access (ft) é &
NWS = Normal Water Surface depth (ft)
Note that 1 ft depth is added to the NWS depth tOwaccount for ba&?avatlo K

Basin volume (Vy) and trapezoidal basin dimers ate y stlllln per Standard Drawing
1630.04 (16) necessary to provide the targe can@u ated Temporary Stilling Basin

Dimensions and Volume Calculator sho ingAppendix & Ittm 5 WPb be downloaded from the

Hydraulics Unit website. ?\

Required excavation volumes for temporar% on ch ould be estimated by taking the largest
excavation cross-section area and multlpl y the Ieng%the diversion channel.

An example of a culvert constru%equer{\ %)rowded in Appendix F Item 6.

The culvert construction plan include:

1. Narrative deo@g culvert cons ction phasing and other noteworthy information

2. Afigure ctlng th
ert c on phases
d|ve Si nels or pipes with sizing calculations
itch excavation volume
nt basin or bags with location and temporary drainage easement
orary dikes
eroadway drainage and roadway features as shown on plans
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13 STORMWATER MANAGEMENT

13.1 Highway Stormwater Program

Stormwater runoff is a cause of water pollution in North Carolina and is regulated federally by the Clean

Water Act (CWA) and also by state regulations. NCDOT has a delegated stormwater program from th

NC Department of Environmental Quality (NCDEQ), formerly the NC Department of Enwronment

Natural Resources, which covers the requirements of both state and federal regulations. The

Department’s Highway Stormwater Program (HSP), managed by the Hydraulics Unit, is resp for

maintaining stormwater compliance for the Department. The design engineer is resp0n5|

complying with all state and federal stormwater regulations during project delivery. O ;\'
O

13.2 National Pollutant Discharge Elimination System Permit and Stormv\Qar ;egula@

(NCS000250) and associated state laws and admmlstr codes def eqU|r s for NCDOT
stormwater management. NCDOT was the first i |n t n tor stateW|d nsportation NPDES
Stormwater permit on June 8, 1998. This permht d by, Q, NC ion of Energy, Mineral,
and Land Resources (NCDEMLR) every & The cur ermit c e om October 1, 2015 to

e

The Department’s National Pollutant Discharge EI|m|nat|on System (N Qtor % at rmit

September 30, 2020. The permit allows d of sto er from C oT faC|I|t|es both in the
construction and post-construction pgri

The NCDEQ regulates specific pollutants n that i \/aters of the state, and it also regulates
practices that protect water quality or end % rient Sensitive Waters (NSW) have been
identified in the state, which mcludet e and Tar Pamtico River Basins and associated special
watershed programs for Falls Lake dan Lakes |Bar|an Buffer Rules have been promulgated,

which provide both Nutrient M ent and water quality protection strategies throughout
the state. There are currently wate r river basins for which Riparian Buffer Rules have
been established:

* NeuseRI sm(mcludes Is Lake)
» Tar-Pamlico River in

Rive%
or Supply Watershed
ndlem\ e Water Supply Watershed

@ Goo Watershed

NCDOT alsg protects water quality through hazardous spill prevention with the installation of Hazardous
Spill Basins along designated road facilities in certain water classification areas. Guidance on Hazardous
Spill Basins is provided in Appendix O.
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13.3 Post-Construction Stormwater Program — Compliance for Transportation Projects

Stormwater management occurs during construction and post-construction activities. Construction
stormwater runoff is regulated by the State Sedimentation Control Act and the Federal NPDES

stormwater permit. The Roadside Environmental Unit manages erosion and sedimentation control
requirements on NCDOT projects. More information about the erosion and sedimentation control plans
and requirements may be found on the Roadside Environmental Unit, Soil and Water Section website a6

in Chapter 12 of these Guidelines. @

Stormwater runoff after construction is known as post-construction runoff. Since the post-co ion
period exists perpetually, the importance of implementing effective controls is imperative @
manages post-construction stormwater through the Post-Construction Stormwater Pro% CSP);\'\C)

Stormwater is required to be managed to the “maximum extent practicable” (MEP) NCD ects

as directed by the document titled Post-Construction Stormwater Controls for dway an

Roadway Projects (64). This policy document has been approved by N DE@r NCD(Q jects and

guides the design engineer in compliance requirements. The NCDOT anagemgnt Practices

Toolbox (BMP Toolbox) (34) is used with the PCSI?@OVlde guiddnce®on storr@ control design
E

requirements. Regulatory interaction and coordin mpera\ achm@e P standard.
*  The Federal Register, VVolume § {Da ber 8 1@ ates:
“Maximum extent practicableé‘a@ he ﬁ; y stand at establishes
the level of pollutant reducti at op to regula 4s [TS4s in
NCDOT’s case] must a?v The C@ quires t DES permits for
discharges from MS4s “shall re ols to@e the discharge of

pollutants to the maximum ext%actlcabl% ing management
Si

practices, control techniqu @system, de d engineering methods.’
CWA Section 402 (p) (3) (B, (iii).” 4

MEP for transportation pro;ects ers th&\
e right-of-way costs
e existing mature e@ provide water quality and ecological benefits
o topography ons such as stéep slopes, cut sections, etc.
o geologicallimi t|ons S ?‘ock, high ground water table, etc.
e envir al j Ju

e utility ®onflicts
o of con \@ﬁ and maintenance of a control device
@ plicabi ! effectiveness of non-structural controls

Stormwate ompllance is required for all NCDOT development and re-development projects that add
new built upon area (BUA). BUA is generally defined as impervious surface or partially impervious
surface that does not allow water to infiltrate through the surface into the subsoil. A more specific
definition is available in the PCSP document. The PCSP document identifies the workflows for
stormwater management compliance and applicability to a project.
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Stormwater management decisions are made during the planning and design phases of a project.
Decisions during these two phases are documented in the Stormwater Management Plan (SMP), which
demonstrates the Department’s stormwater compliance to MEP. After the project contract let date, the
construction of stormwater Best Management Practices (BMP) devices may require the oversight of the
design engineer. Following construction, the Hydraulics Unit, in cooperation with the Roadside

Environmental Unit and the Division, coordinates inspection and maintenance of BMPs (65). b
13.4 Roadway Projects vs. Non-Roadway Projects
In general, transportation projects are classified as either roadway or non-roadway prOJec ec?ts

are off the ROW, such as industrial facilities and Division offices, are considered n way p
Information about Roadway Projects and Non-Roadway Projects are discussed geparately bel%

13.4.1 Roadway Projects \O KQ

are incorporated into the Department’s right-of-way (ROW) are considered roadway p s Tho

13.4.1.1 Planning K @

Considerations for stormwater managemen n the pI phase rdadway project while it is
being scoped and the planning document i g compl ectlo the PCSP document
identifies minimum planning measu con5|d for all proj During this phase, when

alignment alternatives are being dISC e and en 0 mental b
and mitigation, the design engineer sh he wat
the water quality classification, and impai tatus of otentially impacted water resources (70,

71). In addition, information about the& A to pe ad should be noted along with type of facility
ni

and whether the project typical sec S hou ufb and gutter. As part of the preliminary
hydraulic study, the design engl ould existing stormwater controls from previous
NCDOT project permits or t |ch m ned by others.

13.4.1.2 Design: &@/ater Manage ent Plan

Bridge, safetyswitening w location projects may have different requirements with respect to the
stormw ontrols. um measures for the drainage design phase as outlined in Section 2.3 of the
PCEP nt sho e considered for every project. These include adequate ground cover, stabilizing
ents es, providing adequate energy dissipation, utilizing natural features and drainage
p ays, g vegetative conveyance, encouraging diffuse flow, and avoiding directly connected
imperviou S. These measures should be included in the design regardless of whether a Stormwater
Management Plan (SMP) is required. If a SMP is required, the measures employed should be identified
in the narrative.

b
Stormwater r;mj@nent re Qts and the MEP standard may differ depending on the project type.
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Most projects will require a SMP since new BUA is being added. The SMP is the NPDES compliance
document of record for the MEP standard. SMPs must be completed and submitted to the Hydraulics
Unit prior to the contract let date.

Once the design engineer receives the Roadway Preliminary Plans and the drainage design is started,
stormwater controls should be considered an integral component of the design. As stated above, MEP is
context sensitive and varies with project type and location. Decisions on project stormwater controls
should be made in cooperation with the resource agencies and Department staff around the 30% desi
phase or the 4B Concurrence Point if the project is following the Merger Process. |If project con %
are limiting BMPs, especially if the project is not following Merger, the design engineer may inate
with the resource agencies to achieve MEP. All determinations should be recorded in thed“@ hile
y of

design of vegetative slopes, swales, and other conveyance controls are practical in the

conditions along roadway shoulder sections, more structurally based controls may %@ed whe

is a high concentration of impervious areas, curb and gutter systems are used, or,high.guality r&
waters are present. Stormwater controls should be considered as mltlgatlon res for outletssthat are
determined to be critical to downstream receiving areas as discussed in analy3| t|on in
Chapter 10 (Section 10.5.3). Coordination with the G technlcal Uni —of Wa nd Plans and
Standards Management Unit or other units may be n to com ormwate t oI deS|gns

without delaying project delivery.

The design of all stormwater controls, |de tion of a ROW rements for maintenance
access and constructability, and any e d asso eC| needed shall be completed
by the design engineer prior to the c%hed fleld tlon ( flnal design field inspection
(FDFI). Following the CFI or FDFI |neer S egin to develop the SMP for the
project. The design engineer should use th er3|o SMP formatted for Microsoft Excel. The
Excel version of the SMP includes gU| n content to de in the plan to ensure consistency across
projects. For projects which |ncIud r more Q%taral stormwater BMPs, worksheets (tabs) are
provided in the Excel version of P which he design engineer to enter the pertinent design

e. Ca %n used structural BMP types are swales, filter strips,
les, % ention or retention basins. The BMP worksheets are

information specific to each
level spreaders, preforme
integrated with the late ion of the' BMP Toolbox. If a BMP design deviates from the criteria in the
BMP Toolbox, the d ngin Q‘ul document the justification for the design deviation, such as any
project constrain@ ot er co Qllons

Comple MPs shall mltted via email (NCDOT_Hydraulics SMP@ncdot.gov) to the Hydraulics
Un tf%%lPDES iance report and archiving purposes. This email submittal is separate from the
ittal i
lated reyi

for stream and wetlands and riparian buffers permit packages. SMPs and their
Addltlonam ation on SMPs is available in chapter 4 of the PCSP document.

re required to be submitted at least three (3) months prior to the contract let date.
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13.4.1.3 Construction

When a project design requires stormwater controls that include outlet control structures, media filters,
wetlands, or other non-routine construction techniques handled by roadway contractors, coordination with
the Division Construction Engineer and Resident Engineer is recommended. As stated above,

coordination during the CFI or FDFI regarding constructability should be discussed. The design engineer
should participate in the pre-construction meeting and be available to offer guidance during constructiob

13.4.1.4 Maintenance \Q

Upon completion of a project, the stormwater BMPs are recorded in the Departments Sto @
Management System (SCMS). SCMS provides information about the inspection and ance qk'

BMPs. @

such as one of the 14 highway Divisions, Facilities ment , Rail D| n, Ferry Division,
or Bicycle and Pedestrian Division. They also m itute 0 tofas uled STIP project (e.g.,
rest area or weigh station). Regardless of t e of the % adway p@g origination, all design
engineers shall follow the same process fo pliance v@ PCSP:

O

The PCSP Manual guides the hydrat%ﬁngm gh the escriptive requirements of
non-roadway projects as outlined in Chapt @e PCSP | (64). Coordination with the resource
agencies similar to that identified for roa jects is requwed for non-roadway projects.

ith

Non-roadway projects should be coord;\ S)W ransportation Permitting Branch.

N\ WO
%
SO

13.4.2 Non-Roadway Projects
Non-roadway projects can originate from a number ofzifferent sourc n NC ’S oréamzatlon

4
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14 PERMIT DRAWINGS

14.1 Overview

The drainage study and hydraulic design process includes the development of permit drawings and
completion of pertinent application forms for State and Federal environmental permits. These drawingb
and accompanying information show the anticipated impacts to natural resources associated with th
proposed project design.

14.2 General Procedure @ 2
The procedure for development of the drawings and application should generally beﬁ]ows c’)\\

14.2.1 Review of Planning Document and Field Verification of Impacts

Review the planning document and associated Natural Resources Tech rt (NR@WhICh lists
and identifies wetland areas and jurisdictional streams Jikely to be imp y the p d provides
preliminary estimates of impact quantities. The plan%ocumen es delin @ of wetland area
limits and estimated lengths of impacts to jurisgicﬁtix reamsg er the rmatlon presented in the

planning document is not sufficiently accurate 0\ final p ppllcatglg
The impacts must be verified and updated he fin@&uhc d ge in accordance with the

protocol specified in Appendix P (See Sﬁ 14.2.

14.2.2 Compilation of Environmen @

Through the final design phase, enwron ta colle%mm field review and office analysis is to
be compiled and organized to be prese the itapp ication documentation, including:

e Location, quantity, nE |cat|0\o\;ca ands and streams impacted

e Topography and ele data at @, sites

o Drainage struct chani esign data
. Contributin@@shed areas
e Flow dat verage @&nkfull)

14.2.3 Prep@on of P!Q‘Qrawmgs

W ,

%mlt apphication is being prepared, considerable time may have elapsed since the time the
a design draulic recommendations were completed. It is important that the permit drawings
b Ssistentenyi project’s final roadway plans and drainage design. Appendix P provides specific
procedura nce regarding permit drawing preparation, consistency review, and subsequent electronic
delivery protocol for final submittal. NCDOT posts copies of recently issued permits online, and a link to
this site is provided on the Hydraulics Unit webpage for reference.
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14.2.4  Completion of Forms to Include with Permit Drawing

Documentation associated with each permit application will vary depending on the requirements of the
specific project, its location, and the particular natural environmental resources which may be impacted.
Therefore, not all of the forms listed below will be required for every project; however, all applicable
forms should be fully completed and checked for accuracy and consistency with the associated permit

drawings. Permit forms which may be required are listed below, and reference copies are provided @

Appendix L. \
R 2

The needed forms should be downloaded from the Hydraulics Unit website: 0 . 0
e Wetland and Surface Water Impacts Summary 0 \\
e Riparian Buffer Impacts Summary @, Q

e Stormwater Management Plan (SMP) K (b
e CAMA Major Permit Application (multiple forms) O Q&
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15 FLOODPLAIN MANAGEMENT

15.1 Overview

Any NCDOT road and/or structure that crosses a Federal Emergency Management Agency

(FEMA) regulated Special Flood Hazard Area (SFHA), as shown on the effective Flood b
Insurance Rate Maps (FIRMSs) and/or the Flood Risk Information System (FRIS) website @
(http://rfris.nc.gov/fris/), will require coordination and approval from FEMA, or its desig i

North Carolina, which are the North Carolina Division of Emergency Management 6:;1 @ .
Mapping Program (NCFMP) and Charlotte-Mecklenburg Storm Water Services (@S) . 0
NCFMP is authorized to issue the Flood Insurance Rate Maps statewide, excégg \

which issues its own. Furthermore, it should be emphasized that Federal Ai jects ?ah
required to be in compliance with FHWA regulations or orders, while E consist

FEMA requirements (including Executive Orders). FHWA regulatio lies toQ deral Aid
actions in a base floodplain (not just FEMA-regulated floodplai

Approximately 85% of the streams across th desi as havmg@HAs There are
three types of flood studies performed and gated i rth Car @Detalled Study (DS),
Redelineated Detailed Study (RDS) and udy It is the policy of
NCDOT to abide by federal and stat Ia| ment tions and rules. These
include:

e FEMA’s National Flood Insurar‘%é 29)

e FHWA'’s Federal Aid Policy G cation a draulic Design of Encroachments on Flood
Plains (23 CFR 650 Subpart A 8

e Memorandum of Unde ding by lﬁy‘% and FEMA (June 1982) (30),

e Presidential Executj erl1l

e Presidential Exe %rder (73),

e North Cart\ ernor ’s utive Order 123 (July 1990) (59)

To streamline tord| i h the two FEMA-delegated agencies (NCFMP and CMSWS),
NCDOT an M Pgnto a Memorandum of Agreement (MOA) in 2008, which was

subseq ly modl &bog 2013, 2015 and 2016 (58).

@@)Ilcy OT to encourage a broad and unified effort to:

ractical and reasonable approach to the design of transportation facilities
Io&ed within floodplains.

2. Avoid lateral encroachments into floodplains to the extent practicable.

3. Minimize and mitigate unavoidable adverse impacts on adjoining properties in
floodplains.
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4. Restore and preserve natural floodplain value and function to the extent practicable.

5. Avoid rise in Base Flood Elevation (BFE) greater than one (1) foot in the floodplain of a
FEMA regulated stream, unless a variance is granted by the State Hydraulics Engineer to
proceed with regulatory agencies’ approval for a Conditional Letter of Map Revision
(CLOMR).

When a bridge or a culvert crosses a regulated SFHA, the design engineer shall use FEMA’s b
hydrologic data and hydraulic models to assess the impact by the proposed project to the @
floodplain in accordance with NFIP regulations. The design engineer shall develop opti
roadway encroachment, structure types, and hydraulic openings in a floodplain that
effective and least damaging to the human and natural environments. a@

C)

15.2 Design Data Documentation

To develop the optimal floodplain management, the design engmeer sh Iow
through 77.2 (29) of the NFIP, FHWA Location and Hydraulic D ncr a ents on
Flood Plains 23CFR 650A (8, 36) and NCDOT’s MOA with N (58) de5|gn engineer

should document pertinent floodplain design d t@. e Br{o vey and raullc Design
Report (BSR) and Culvert Survey and Hydf e5|gn rt (CS&) in the hydraulic
modeling narrative included in the subnﬁ(ﬁo ckage

These design data include, but are n ed t
e Geometry, orientation, anWrauhé)eyance 0@ sting and proposed structures
e Profile of the floodplain s\
e Hydrologic methodology

o Hydraulic model version %
e Corrections made to t {ectlveF odels

e Methods used in co Mg the I|c losses through structures

e Roughness coeffic fc and overbanks
e Limits oft ay or norgncroachment width
e Locatio ersel ted structures and the elevation of the lowest floor (including
base nd I &;;ent grade to the structure
o inage stru s*hydraulic performance with respect to any change in the Base Flood
atlon ( which is defined as the elevation of the flood having a one-percent

15.3 Coo&\atlon With Regulatory Agencies
Depending on the nature and the magnitude of the changes in BFE between the proposed and
existing structures, the design engineer shall follow the guidance below:
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1. FEMA Consultation in Planning Stage: During the project planning stage, the design
engineer may consult with FEMA, NCFMP, or CMSWS, as applicable, on NCDOT’s
planning documents, such as the Draft Environmental Impact Statement (DEIS) or
Environmental Assessment (EA). If a determination by FEMA, NCFMP, or CMSWS
may affect the selection of the Least Environmentally Damaging Practical Alternative
(LEDPA), a written statement regarding such determination should be obtained from
them prior to the completion of the final EIS or Finding of No Significant Impact
(FONSI). An example of this would be a proposed roadway alignment that woul
in a longitudinal encroachment of a FEMA regulated floodway, thus causing p
flood damage to insurable structures. For projects that are processed with a @ rical
Exclusion, this coordination may not be warranted, or it may be carried OLO ng the\o
design stage.

2. MOA Types 1, 2a or 2b: If the proposed structure results in eith %nge
decrease in BFE, the design engineer shall coordinate with NC egn acco e with the
MOA. This applies to all the streams that are ina DS, RD wide. The State

jects; th§F

Hydraulics Engineer approves the MOA esland?2 MP approves

Type 2b projects.
3. MOA Type 2c: If the input dat ffectiv A hydfauftcmodels are
unavailable, incomplete, illegibje; ave er, s hydr ¢ and/or topographic data,

ped. The design engineer shall
This applies to all streams that

etc., an approximation of the |ve ay b
coordinate with NCFMP %ﬁordance@) the

are in a DS or RDS statewide, p the pr structure does not result in an
increase in BFE over the existi %dltlons CFMP concurs with pursuing as a

Type 2¢c MOA candidate, d tatlo of thispre-consultation concurrence by NCFMP
must be included with th sub
r

4. MOA Types 2d or e p structure is over an LDS stream and results in an
increase in BFE gne shall coordinate with NCFMP in accordance with the
MOA. Th to all the'sireams that are in an LDS statewide. The State Hydraulics

F

Engineer an MP rqve the MOA Type 2d and 2e, respectively.

2f. If I@roposed structure is over an LDS stream and results in a BFE

ingrease of gr an one foot in the area that is within the Department’s rights-of-way,
e5|g may request approval from the State Hydraulics Engineer and NCFMP

O;ét to be processed as an MOA Type 2f candidate. The design engineer shall
risk impacts to properties and to the traveling public. This application is
ited to projects where no practical alternatives exist to meet backwater
ations as outlined in the NFIP regulations. As an MOA Type 2f candidate, such a
project requires special approval from both the State Hydraulics Engineer and the
NCFMP Director. This approval needs to be documented in the hydraulic modeling
narrative included in the MOA submittal packet.
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6. MOA Type 2g: The State Hydraulics Engineer and NCFMP may approve projects that
result in a rise in BFE and/or increase and modification to the regulatory floodway caused
by a proposed structure over a FEMA regulated stream at or near the bridge deck or
culvert face, provided these changes are contained solely within the Department’s
rights-of-way. The design engineer shall assess flood risk impacts to properties and to the
traveling public. This application is only limited to projects where no practical
alternatives exist to meet backwater limitations as outlined in the NFIP regulations.

As an MOA Type 2g candidate, such a project requires special approval from botlg{'@
State Hydraulics Engineer and the NCFMP Director. This approval needs to b

documented in the hydraulic modeling narrative included in the MOA submi ket. @
7. MOA Types 3a and 3b: For approved CLOMR projects, within six (6) (o‘bgw\s after,

project completion, NCDOT shall submit the associated certified As lans t

NCFMP for inclusion for future DFIRM mapping updates. MO a ap

streams for which DFIRM mapping is still current after i |ssuan he C

approval. MOA Type 3b applies to streams for which the glc a raulic

models were restudied and DFIRM mapplPNnodlfled s |ss fthe CLOMR

approval. ‘2}

<\ Q

8. MOA Type 3c: For cIar|f|cat|o |dance @ analysis and hydraulic

models associated with the e rood st d the de meer may request a

pre-design consultation MP i ance e MOA For example, the

design engineer may requestian ap m NC 0 use alternative engineering
IOIOFOIO

methods or applications that are d may result in more scientifically
and technically correct estlm rood eIe ns of the regulated streams. The design
engineer should provide a r|ate documentation in the BSR, CSR, or pipe design
report, as applicable, a %the h CIf odeling narrative included with the MOA
submittal packet. P co with pursuing as a Type 3c MOA candidate,
documentation %e -CO ion concurrence by NCFMP must also be included
with the M /@ ittal pac

9. As- b%@ Rewem@Pmal MOA Submittal: Within the six (6) months of
ate

e over a FEMA regulated stream, the Hydraulics Unit staff should
ivision Operations staff in obtaining the sealed As-built plans. An
eer| is required to determine whether the surveyed structure geometry data
pIans match what is specified on the BSR or CSR. Upon certification of
the Plans, final submittal is made to NCFMP for all MOA types.
10. @g| ype 4a: If the As-built plans do not match the model, BSR/CSR and MOA packet
must be revised accordingly. If the revision results in a BFE change, a flood damage

assessment to the adjacent properties is required, and appropriate mitigation measures
shall be determined. Submittal of a LOMR may be required. The Hydraulics Unit may
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coordinate with NCFMP for consultation and to apply for an MOA Type 4a candidate.
This As-built plans submittal requirement applies to all CLOMR and MOA projects that
were reviewed and approved by FEMA, CMSWS, NCFMP and the State Hydraulics
Engineer, as applicable.

11. CLOMR Submittals: If a proposed structure is over a DS or RDS stream and results in
an increase in BFE greater than 0.1 ft., the design engineer shall coordinate through
Hydraulics Unit with the respective regulatory agencies and apply for a Conditional 6
Letter of Map Revision (CLOMR) approval. If the structure is located within @
Mecklenburg County, its CLOMR packet shall be sent to CMSWS. For the ot
counties of the state, the CLOMR packet will be submitted to NCFMP. C
approval will be issued by FEMA after all review comments are satisfa addr
All projects anticipated to require a CLOMR must be reviewed byt Hydr
Engineer before submittal will be allowed to the respective regul enC|
approval.

15.4 Avoidance of FEMA Buyout Properties ®\ @Q O&

Any construction or alteration of the transp n faC|I sroadw. @Dankment side walk,
ies shall be avoided to the

stormwater BMPs, roadside ditches, etc. e FE out pr;
that was purchased by

extent practicable. A FEMA buyout rty isdef as an
FEMA under its Hazard Mitigati@nt Pro r quo i i i
title-transferred to the local government stora preservation of the floodplain

ation Assistance Program and
or,
(46). If encroachment by the proposed \@taﬂ y cannot be avoided, the design
engineer shall coordinate with FEM ugh NCFV\QOI’ consultation, coordination, and
approval prior to the project Iettlg r addlt I tnformation, see Chapter 2, Section 2.2.5.4.

15.5 Encroachment in FIoo%n and R@Mory Floodway or Non-Encroachment Area

No road or structu%r@.l ing its m%ers, is allowed to be constructed within the designated
regulatory rood;sy non-e thment area without a regulatory review and approval. A

longitudinal chm t as a roadway that is constructed parallel to a stream,
encroaching mto the s S roodealn does not require a regulatory review or approval as
Iong Q&S?croac is not within the designated regulated floodway or non-encroachment

5|gn engineer should consider performing a hydraulic study and flood
e asseé‘@ to the adjoining properties that are located in the floodplain to protect the

Departm m-Tawsuits or liability claims.
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15.6 Temporary Encroachment in Regulatory Floodway

Temporary roads for construction activities and on-site detour traffic that last longer than one
year and encroach into the floodway must be reviewed and coordinated with NCFMP and the
community’s floodplain administrators. The design engineer should perform hydraulic analysis
and work with Division Operations staff to include a provision in the project’s contract to

stipulate the following, as applicable: b
1. Boundary of the regulatory floodway \@
2. Duration of construction within the floodway
3. Installation of on-site stream gages @ @ ¢
4. Installation of a flood warning system C) \C)
5. Designated staging areas for equipment that are at least one (1) foot Qhe BF \
6. Notification of the affected property owners of the potential risk of floeding fr&g

temporary encroachment
7. Department commitment assuming I|ab|I|ty for any rood resu P@om the
temporary encroachment

No CLOMR or LOMR approvals will be re @ r the t @ary en®:1c ment into the
FEMA regulated floodway. 0
15.7 Rest Area Buildings in FIood;#aiﬁK Q

Rest area buildings and related water an V\@water tr, nt faC|I|t|es shall be located outside
the base floodplain where practicable. rea bUI which are located in the base
floodplain shall be floodproofed or( ucted tw et above the BFE.

15.8 Replacement of Emergfr@od- tructures

If the Department’s dra a uctQ damaged by flooding due to extreme weather events,
Department person\ ould follo protocol below:

QRe a@wt of Drainage Structures:

1. Plpa@cement
& Pipe can either be concrete pipe or metal of any shape (circular, arch,

elliptical, etc.)
Guiding documents are MOA and NCDOT Guidelines for Drainage
Studies and Hydraulic Design.

e The State Hydraulics Engineer approves the design and/or NFIP
compliance.
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e NCDOT submits design information to FMP for the inclusion of future
NFIP flood maps. No hydraulic (HEC-RAS) model or formal MOA
submittal is required.

2. Reinforced Concrete Box Culvert or Bridge Replacement:

e RCBC can be either precast or cast-in-place box culvert. b
e Guiding documents are MOA and NCDOT Guidelines for Dralna

Studies and Hydraulic Design.
e The State Hydraulics Engineer approves the design and nonﬁ@ sion

for construction.
\0

e For structures that are on FEMA regulated streams, thg#?aullcs
staff follows MOA to submit design reports to FMP f mpli
review during or post construction. FMP Dlrecb the Stat&ﬁ aulics

Engineer approves the design reports per
e For structures that are not EMA reg tream &

F e State
Hydraulics Engineer o&fé\aﬁ apprO{@ e design Q)rts.
15.9 Acceptable Level of Precision for ood Ele@

In the BSR, CSR, and pipe demgkﬁert the eng uId follow the specific rules of
rounding guidance below to docu % n roo@tlons
d

to the st one tenth of a foot (0.1 ft.).

1. All flood elevations are to be r,

2. Ifthe first digit to be dropped¥i.e. int Adredth decimal place) is less than 5, the last
digit retained is not chéd. Fo%\ le} a BFE of 100.14 ft. is rounded to 100.1 ft.

3. If the first digit t pped ( the hundredth decimal place) is greater than or equal
to 5, the last djgit\etained i eased by 1 (or “rounded up”). For example, a BFE of

t ¢00 2
The rounded @elevailo hen compared to determine the applicability for MOA
candldates diffe 5& BFE between the proposed and existing NCDOT structure is
0.1 ft S, it is red as no change, or no rise in BFE. For example, if the HEC-RAS
brld IS over a FEMA regulated stream has a Corrected Effective BFE of
ft rou 0 100.3 ft., and has a Revised BFE of 100.44 ft., rounded to 100.4 ft., the
rence two rounded BFEs is 0.1 ft.; therefore, it qualifies for an MOA Type 1

candldate his applles to all streams in the state regardless of types of the flood study (DS, RDS
or LDS).
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All proposed floodway and non-encroachment width dimensions should be rounded to the
nearest foot. Likewise, a similar rounding rule applies to the floodway width. Examples: If the
proposed floodway width from a HEC-RAS output is 300.49 ft., it is rounded to 300 ft.; if the
floodway width is 301.58 ft., it is rounded to 302 ft.

15.10 Documentation for FEMA Submittals

The following information is primarily related to the specific project documentation requwe@
NCDOT projects involving bridges (or culverts) on FEMA-regulated streams:

15.10.1 NCFMP-NCDOT Memorandum of Agreement (MOA) Projects 2
Most of the bridge replacement projects will require a regulatory approval via A DFQQK'g)
The MOA and associated documentation requirements for project submittal FMP

maintained and updated on the Hydraulics Unit website in the FEMA/FMP Coordin @ectlon
Also posted on the website is the current checklist of Common MOA

RAS which
should be utilized to facilitate timely MOA project approvals. (58§ K

15.10.2 FEMA Conditional Letter of Map ng %[OMR Kgl:ts

For projects which will result in an incr the 1@ base g@levatlon (BFE),

requiring a floodway revision and c d|n MR the additional required
documentation will include (but i?ﬂ. mlted follo

C pplic @MT -2) forms (The latest version of
these forms are available on t A.gov ite).

e Hydraulic analyses (comput dels - i uf an output) which duplicate the hydraulic
analyses (Duplicate Effi &Q/e model for the effective Flood Insurance Study (FIS)
for the following fr rooJSQs pplicable): 10-, 50-, 100- and 500-year floods
and the 100-year

e New/revised

e Completion of the applicable

ay.
ic anal (computer models - input and output) for existing

conditions cted Effective model) for the following frequency floods (as
appllcal@ 10-,,5 -, and 500-year floods and floodway. (This involves adding
cros e 1ons f ossing site without the proposed structure and for any changes in

oodplain
m%/rew %ulic analyses (computer models - input and output) for proposed
@ evised model) for the following frequency floods: 10-, 50-, 100-, and 500-
ye and floodway. (This involves the addition of the crossing features and any
pr&&osed floodway changes.)
o Certified topographic work map (sealed by professional engineer) with existing and

proposed topography and contours (maximum 5 ft. contour interval), showing revised
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existing and/or proposed 100- and 500-year flood boundaries, 100-year floodway, base
flood (100-yr) elevations, cross sections, stream alignment, road alignment, etc.
Annotated Flood Insurance Rate Map (FIRM) showing revised existing and/or proposed
100- and 500-year flood boundaries, 100-year floodway, corporate limits, etc.
Annotated Flood Insurance Study (FIS) flood profile(s) showing revised existing and/or
proposed 10-, 50-, 100-, and 500-year flood profiles (as applicable).

Annotated FIS Floodway Data Table(s) showing corrected existing and/or proposed

floodway data §
Documentation demonstrating compliance with Sections 9 and 10 of the Endan
Species Act. This documentation needs to be attached to the Riverine Hydro@y
Hydraulics Form (MT-2 Form 1) of the CLOMR packet. Cg

List of the affected property owners (including their mailing address
changes in BFE and floodway widths). The affected property owgers will b

the community of these changes. If development that has occ in the g flood
fringe area since the adoption of the community's floodw inance &J
located within the revised floodway area, OT wi ure that ely affected

adjacent property owners are compensa r the{ﬂ
Sample letter of property owner \batlons

Within six (6) months of co i;ﬁ n of getlon fi inage structure for which a
built p

CLOMR was approved, t e doc atlon» updated, as applicable, and

submitted along with As- e corre Nding hydraulic model for approval
of the final Letter of Map Rev OM R) A
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17 APPENDICES

A — Hydraulic Design Documentation Summary

B — Checklist for Drainage Study and Hydraulic Design
C — NCDOT Hydrologic Charts

D — Preliminary Design Forms

e Instructions for Preliminary Design Report b

e Item 1 — Preliminary Design Report (PDR) @

e Item 2 — Field Scoping Meeting (FSM) Discussion Items \

e Item 3 — Preliminary Hydraulic Field Visit Checklist Q .

e Item 4 — CP2A Preliminary Major Crossings form 0@ R 0@
E — Major Hydraulic Structures Forms and Information 0 5\}

e Item 1 — Bridge Survey and Hydraulic Design Report (BSR) @ c)

e Item 2 — Culvert Survey and Hydraulic Design Report (CSR)
e Item 3 — Detour Structure Survey and Hydraulic Design Re
e Item 4 — Structure Survey Recommendations form \

e Item 5 - HEC-RAS Bridge Opening Q\di Q
e Item 6 — Minimum Length Bridge @
F — Supplemental Culvert Design Gui K\

e |tem 1 - Guidance for Whe@ Sills/ in Bo rts

e Item 2 — Native Materia ification f&kﬁlli verts

e Item 3 — Culvert Avpi and N'c}lzatiorl D@ uidance

e Item 4 — Guidance fogModelin inum vert in HEC-RAS

e Item5 - Temporary StilIin% imensi d Volume Calculations

n

e Item 6 — Construction Se@u ing Exam
G - Pipe Data Sheet K

4
H — Supplemental Pipe I&ation ,@

e ltem1-NC e Mateh ection Guide
ntal Eil\Hgight Tables (5 pages)
ineering Q Handbook Tables (8 pages - selected)
o Item\\ pe Bugial Q‘ept Table

| — Stor in Desi utation Forms and Information
1- %’m putation Sheet
0

¢
%

o ‘ltem?2 @ Drain Design Computations Sheet
ncrete Pipe Flow Nomograph (based on Manning Equation)

Ite
% o Velocity in Pipe Conduits (based on Continuity Equation)
5 — Hydraulic Properties — Circular Pipes Table
o~7]tem 6 — Storm Drain Pipe Maximum Capacity Table

e Item 7 — Hydraulic Grade Line Computations form
e Item 8 — Reinforced Concrete Pipes Wall Thickness Table
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J — Ditch and Channel Stability Charts

e Item 1 -V Ditch with Grass 6:1 Side Slopes
Item 2 — 2 ft. Base Ditch with Gras 2:1 Side Slopes

e Item 3 -V Ditch with Riprap 2:1 Side Slopes

e Item 4 - 2 ft. Base Ditch with Riprap Lining 2:1 Side Slopes
K — USGS Map of NC Tidal Limits (WSP 2221 Plate 1 — 1975)
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Q - Using NOAA Atlas 14 Website to Find
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APPENDIX A

HYDRAULIC DESIGN DOCUMENTATION SUMMARY

.D. NO. COUNTY: PROJECT NO:
DESCRIPTION:
PROJECT DESIGN
ENGINEER: ENGINEER: DATE: 6
THE FOLLOWING CHECKED DESIGN ITEMS HAVE BEEN DEVELOPED IN ACCORDANCE \
WITH THE CURRENT NCDOT GUIDELINES FOR DRAINAGE STUDIES AND HYDRAULIC @
AND ARE INCLUDED IN THE PROJECT DOCUMENTATION FILES: C) ()
1. PRELIMINARY DESIGN REPORT(S) (APPENDIX D) C) Q
2. CHECKLIST FOR DRAINAGE STUDY AND HYDRAULIC DES @»
3. STRUCTURE SURVEY RECOMMENDATIONS (APPEN
4. PIPE DATA SHEETS (NUMBER (APPE OK
5. STORM DRAINAGE COMPUTAT EETS (&MBER . )Qg ) (APPENDIX 1)
6. OUTFALL ANALYSIS
7. CULVERT SURVEY T(S) (CJ) ER 4_é@(’APPEme E)
8. CONSTRUCTION SEQUEN@BOX cu@
9. BRIDGE SURVEY REP@ (NUMBE&) (APPENDIX E)
10. DETOUR STRUCT &SURVEY@ F?T(S) (NUMBER ) (APPENDIX E)
11. CULVERT /B SURV, LD NOTES
12. STO @} MANAGQNT PLAN (APPENDICES L, P)
13. CL MR P éE REQUIRED

14. ‘@NER X\
S

@ g NORTH CAROLINA PE SEAL:

NORTH CAROLINA PE CERTIFICATION:

SIGNTURE DATE
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APPENDIX B

CHECKLIST FOR DRAINAGE STUDY AND HYDRAULIC DESIGN
THIS PAGE SHOULD BE COMPLETED AND APPROVED PRIOR TO FIELD RECONNAISSANCE VISIT

APPROVED BY: DATE :

[.D.: COUNTY: PROJECT ENGINEER: DATE:

1. REVIEW PLANNING REPORT AND NATURAL RESOURCES TECHNICAL REPORT (NRTR).
IDENTIFY COMMITMENTS OR REQUIREMENTS WHICH WOULD AFFECT THE DESIGN.

2. IDENTIFY PRIOR SURVEYS AT STREAM CROSSINGS, INCLUDING UPSTREAM AND DO ;EEAM @ ¢
STRUCTURES. INCLUDE STRUCTURE NUMBER, SIZE, AND LOCATION. 0 0

& &

3. IDENTIFY FLOOD ZONE STATUS. é :K Z
4. IDENTIFY STREAM GAGES IN AREA. (DATES AND F@JENCIES JOR F&S)

5. LIST DRAINAGE AREA(S) AND SOURCE(S). Q

IS,
6. PROVIDE DESCRIPTION OF EXISTING STR@&S. \
N \
7. DEVELOP PRELIMINARY DESIGN &HARGES
8. ESTIMATE PROPOSE[& CTU@TX E!S) AND SIZE(S).
9. DETERN”N@ S|BL@T REQUIREMENTS.

10. REVI AV@%U RVEY DATA.

11. IDENTIFY ANY HYDROLOGIC / HYDRAULIC STUDIES WITHIN THE PROJECT AREA BY
AGENCIES SUCH AS: THE CORPS OF ENGINEERS, TVA, NRCS, CITIES OR COUNTIES.

Page 1 of 5



APPENDIX B

FIELD INVESTIGATIONS

THE FOLLOWING INFORMATION IS TO BE INCLUDED IN THE FIELD SURVEY NOTES:
(CHECK LOCATION AND SURVEY NOTES AND SUPPLEMENT WITH ANY ADDITIONAL
INFORMATION THAT MAY BE REQUIRED) ANSWER YES, NO, N/A, OR COMMENT AS APPLICABLE

1. TOPO IS TO INCLUDE BUT NOT LIMITED TO:

a.

b.

2. LEVELS

a.

Q-Q

CHANNEL BANKS AND WATERS EDGES E
EXISTING STRUCTURES (BRIDGES, CULVERTS, AND STORM DRAINAGE @
SYSTEMS)

UTILITIES (POWER, WATER, GAS, TELEPHONE, SANITARY SEWER, ETC.) @; @

. ROADWAY PAVEMENT, SHOULDERS AND TOE OF FILL 00 \§)

ANY DEVELOPMENT ADJACENT TO SITE, UPSTREAM AND DO\(@EAM ®

LIMITS OF FLOODPLAIN O Q
DRAINAGE COURSES AND DRAINAGE EKHES Q\' K

o
Q0 K @

CENTERLINE PROFILES OF NATURAL GR((g AND G HIGHWAY

(WHERE APPLICABLE) ? FLOO LAl t

SECTION UNDER BRIDG

. SIZE, DEPTHS, AND INVERTéALL CUL\%§ AND STORM DRAINAGE

SYSTEMS
D
STREAM BED, NAT ROUN @D ATER SURFACE PROFILE ELEVATIONS
(NORMAL, AT DA URV NAND ORIDINARY HIGH WATER)
UPSTREAM A NSTR OR A SUFFICIENT DISTANCE BEYOND LIMITS
OF CONST UTLET DITCH PROFILES AS FAR AS
NECESS REACH A UATE CAPACITY).
FLO AIN CR ECTIONS AS DEEMED NECESSARY FOR PERFORMING
TER IS

EVATIO@'ANY UPSTREAM OR DOWNSTREAM DEVELOPMENT THAT WOULD
ED IN DESIGN (EXAMPLE: FINISHED FLOOR ELEVATION AND LOWEST
ADJ% GRADE OF HOUSES, BASEMENTS, YARDS, GARDENS, BARNS,

DS)

EVATION OF ANY DEBRIS OR OTHER HIGH WATER MARKS

Page 2 of 5



APPENDIX B

3. SCOUR POTENTIAL: OBTAIN THE FOLLOWING FIELD INFORMATION IN ADDITION TO THE
NORMAL BRIDGE CROSSING DATA

a.

WHAT IS THE STREAM BED AND FLOODPLAIN MATERIAL? IF SAND, IS IT
FINE ,MEDIUM, OR COARSE?

ARE THE STREAM BANKS STABLE? ARE THERE VISIBLE SLUMPS, VERTICAL
BANKS, LEANING TREES, OR UNDERCUT BANKS?

AT EXISTING CROSSING SITES: b

OBTAIN A TYPICAL CHANNEL SECTION AT SUFFICIENT DISTANCE UP OR \@
DOWNSTREAM BEYOND CROSSING EFFECTS

OBTAIN BED PROFILE EXTENDING WELL BEYOND SCOUR AREA OQ .
IDENTIFY THE TYPE FOUNDATION OF THE EXISTING STRUCTUR 0 C}§

IF FOOTING IS VISIBLE, NOTE CONDITION

IS THERE INDICATION OF PREVIOUS S R') IF SO,

APPROXIMATE DEPTH. @

OBSERVE GROUND CONDITIONS AROUND EXISTING PI§ D AB{QTS

4. RECONNAISSANCE

a.

S

DRIFT POTENTIAL, SIZE, AND QUANTITY. @y? CES WHEN HIGH-
WATER INFORMATION NED).

IDENTIFY CULTURE IN R DET N ATION OF FLOW
RESISTANCE AND DISTRIBU TIMA ALUES)

IDENTIFY DEVELOPMENT DP IN T COULD BE AFFECTED BY
BACKWATER, DOWNS(E OR REDUCTION OF FLOW

IDENTIFY STOR AS S S PONDS, LAKES, ETC., FOR POSSIBLE

ADJUSTMENT HARG ES WHERE APPLICABLE
REVIEW ACY OF DOQNSTREAM CHANNELS FOR CONVEYANCE OF
INCREAS

|SCHAQ§‘RATES
P@ITE(S)

NTIFY\ TIAL WETLAND / JURISDICTIONAL STREAMS

@Q

Page 3 of 5
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APPENDIX B

5. OBTAIN HISTORICAL H.W. INFORMATION SOURCES: (NAMES, ADDRESSES, AND PERIOD OF
KNOWLEDGE OF PROVIDER).

a. LOCAL RESIDENTS
b. BRIDGE MAINTENANCE PERSONNEL
c. ROADWAY MAINTENANCE PERSONNEL
d. FREQUENT ROAD USERS (EX. MAILMAN, DELIVERY PEOPLE) 6

QUESTIONS: \@

a MAXIMUM H.W. WHEN IT OCCURRED?, WHAT DAMAGE OCCURRED?, @Q @ .
b. OTHER LESSER FLOOD LEVELS, HOW OFTEN? 00 ;\\0
c. YEARLY OCCURRENCE (b' (bQ

6. DATA ON UPSTREAM AND DOWNSTREAM CROSSINGS OK K

(R

a. SIZE \
b. RELATIVE LEVELS OF STRUCTURE Q OAD\@Q
c. EXISTING ISSUES (DEBRIS, sd@\ETc.) C)O

Page 4 of 5



APPENDIX B

HYDRAULIC STUDY

THE FOLLOWING INFORMATION IS TO BE COMPLETED BY THE DESIGN ENGINEER AT THE
COMPLETION OF THE PROJECT DESIGN.

1. WHAT DESIGN FREQUENCIES WERE USED FOR DRAINAGE STRUCTURES? WHY?

2. WHAT ALTERNATES HAVE BEEN CONSIDERED FOR THE MAJOR DRAINAGE STRUCTURES? 6
3. HAS AN ECONOMIC ANALYSIS BEEN MADE FOR ANY CROSSING DESIGN? @Q @ ¢
HAS A LESSER DESIGN STANDARD BEEN CONSIDERED? 0 . 0

4. HAS PROPOSED STRUCTURE OR DESIGN BEEN CHANGED FROM WHAT W &
RECOMMENDED IN PLANNING DOCUMENT? IF SO, HAS PDEA BEEN NOTI

F
CHANGES? Q’\' KQ
5. HAVE PROVISIONS BEEN MADE FOR UTILITY @A:TS’) \& C)@

6. HAVE EVALUATIONS BEEN MADE OF T CHAI(B& FOR@NTIAL EFFECT OF
PROJECT DEVELOPMENT? &

K*Cﬁﬂ

Page 5 of 5
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APPENDIX C
(Instructions)

NCDOT Hydrologic Charts
(Revised and digitally reproduced from 1973 State Highway Commission charts)

List of Charts:
Chart number  Description

C200.1 Hydrologic Contour (HC) Map
C200.2 Rural Runoff
C200.3 Urban Runoff b
C200.4 Rural Drainage Area (DA) Shape Correction
C200.5 Rural Drainage Area (DA) Land Cover Correction Q
Procedure for rural watersheds: \'
1. Verify DA <1 sg. mi.; otherwise, SHC charts not applicable. @,
2. Determine HC from C200.1 to nearest 0.5 interval. In highly channelized are p ularly i %ﬁ
areas, a value of 1.0 above that shown in C200.1 should be used. Thus, it y that e less than
4.0 would ever be used.
3. In C200.2, determine 50-yr discharge (Qso) for thegiven HC and D For o requencies, apply
the appropriate frequency factor listed. These \may nee&djusted @er for DA shape and
land cover, as outlined in following steps 43@
4. Determine shape parameter W/L. Fro the DA, hape co Q%actor can be determined in
200.4. % $ 9
5. With the DA and percentage fores @ eter |® nd cover correction factor. Do
not use this factor to reduce d unless evelgp @ he watershed is not anticipated,
such as in certain mountainous, Wetland, agvation areas.
6.

Acceptable values for the multiple of :%
0.7 to 1.5. Apply the adjustment fat®

ated pr
c;grrection factors are limited to the range of

the disch lues determined from step 3.

% !
Procedure for urban watersheds: K N C)

1.

N

> w

If DA < 20 acres, verify r Ratio \hod would be more appropriate to use instead of the

SHC charts. Also, if% 0 acr
calculate dis ha@ r both urba d rural conditions, then apply appropriate engineering judgment

resul e‘éeemed appropriate for study site.
han 50% impervious land cover, SHC chart is not applicable, and other

If the wa ed is has
hydr thm%@s storage routing (e.g. NRCS TR-20), should be considered.
erm HC fr 1

mine ty§ elatlve density of development to determine the appropriate development density

justmen
entlal high type: lot sizes > 0.5 acres
@Q age Development: small lots < 0.5 acres, or mixed residential / small business
&. Large area — full business: DA >75 acres (up to 50% impervious)
d. Small area — full business: DA < 75 acres (up to 50% impervious)

.3is not applicable. If uncertain whether watershed is urban,

and document

In C200.3, use HC and DA to obtain 10 yr. discharge (Quo). Apply appropriate adjustment factor for other
frequency events and development density adjustment from step 4

10/13/2016
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APPENDIX C

Example:

Hydrologic Contour = 5.0
Drainage Area = 32 acres
Read Q50 = 24 cfs
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A I - N el
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Q5 = xoa,sg 13 -
Q10 = (@so0. )" 053 110

Q25 Q50XX 075 - 2
@: \@ x 121
0 1.80 1
<

TR

C200.2 RURAL RUNOFF CHART (REVISED)




Example:

Hydrologic Contour 5.0
Drainage Area 35 ac
Small Area - Full Business

Q10=39x1.4=55 cfs

APPENDIX C

F@J%{?ZACTORS 1

@p% Q. Q10 X
@ Q Q10 x
C@ = Q10 x
Q100 = Q10 X
Q500 = Q10 «x
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C200.3 URBAN

RUNOFF CHART (REVISED)
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SHAPE PARAMETER (WA)

o
N

Q50=25 cfs (from Chart C200.2)
Corrected Q50=25x1.3=33 cfs
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APPENDIX C
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APPENDIX D
PDR INSTR.

Pre-Design Report (PDR) Instructions

The Pre-Design Report (PDR) package typically may include, but is not limited to:

e Cover Sheet (Item 1) — form filled in with all relevant data
e Location map (typically from NCDOT county/bridge map) 6
e Map of watershed (drainage area) on USGS quad topo map or from USGS StreamStats web@

e USGS StreamStats Basin Characteristics table \

e  Excerpts from NCDOT Structure Inspection Report Q .
e FEMA DFIRM panel with structure site location noted 0@ OQ

An example Cover Sheet (Item 1) is provided with sample data. The PDF fill-in for @e PDR &

Sheet must be downloaded from the Hydraulics Unit Website. An example of a full pack mlso

available from the Hydraulics Unit website.

>
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APPENDIX D

ITEM 1
Cover . . d a
paze Hydraulics Unit Pre-Design Report (Pre-Scoping) for Structure #: Date; |
County: Stream: | Assigned to: ‘
Road #: IRoad Name: Prepared By |
Division: Location: | Hydro Mgr: Hydra Reviewer:
Latitude: [ I Longitude: [ Decimal degrees, 2 min of 5 decimal points Project Type: |

= Existing Structure

Structure Type | | vrBuilt |

Span Arrangement: | |0AL (ft): [ | Skew:_. AbutmentTvpe:[

Bed to Crown (ft): I:l Clear Roadway (ft): Water Depth (ft} |:| Superstructure Depth:
ADT:| | Year ADT:| Scour Code (item113): | | Prior Survey Campleted:[ ] Survey Date:

Number of Barrels: |:| @ Span (ft): % Rise (ft): |:| Q
>

Pnd
MIOO: Ll

Drainage Area: :|:| Drainage Area Source: | | Roadway Ovey
Discharge Methaod: | | USGS Region: Stream Gage Numberf(if applic%
(e[ ] 25 asof(cfs: [ | amwofes:[__ ], as

[ structure in Flood Hazard Zone  Panel #: Panel Date: | Type of FIS: Date of FIS,

— Enviromental
Quad Map:| | River Basin:

Primary Stream Classification

[J class B [ class ¢ [Jsa [1sB * A i O Area@mnmemal Concern
Osc [ swi O wi O wsi \ L cama &v U @ ild & Scenic Rivers
Llwsn Ll wsm Llws v LlWSVC)Q ]

e e |

L nsw

ried Natural & Scenic Rivers

[
&V red [30&d] rimary Nursery Area
<: l A o Designated Shellfish Harvesting Area

L pws L haw

L) sw Ly L uw

] Desig@ ic Mountain Trout Waters

—— Up/Down Stream Features

®Y

Upstream Feature: Structure Types ) |
Location:

! I nﬁtrangemenL:| ] OAL (t): |
Structure #: Route: [ ¥ I

He l:l “ ughber of Barrels: | ]@ Span (ft): | |x Rise (ft): | |
Latitude:| i & B in of 5 decimal points
Prior Survey Completed:[ ] Su B8d to Crown (ft): | | Year Built: (yyyy}
Downstream Feature:
Structure Type: | |
Location:
Spannrrangement:| | OAL (ft): |

Structure #: oute:

Number of Barrels: l:l @ Span (ft): % Rise (ft): |:]

Latitude:| ’ Longmd\‘ ’ Decimal degrees, a min of § decimal points
Date:

Prior Survey @gmpleted: [ | l:l Bed to Crown (ft) [:l Year Built:[:l{ww}

ﬁminarys (.‘ stimate [Office Estimate]
S@e pe: Skew: [

ensions/Spdhs:
otes N

This form can be downloaded from the Hydraulics Unit website.
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APPENDIX D
ITEM 1
(EXAMPLE)

Cover Responses for outlined fields are available from dropdown menus ~ APPENDIXD-ITEM 1 PDR
page  Hydraulics Unit Pre-Design Report (Pre-Scoping)for Structure #: 220229 Date; [ 1/6/2016

County: |Cleveland Stream: |GRASSY BRANCH Assigned to: |Firm Name or In-House

Road #:| SR 1504 |Road Name: |SHOFFDRD LAKE RD Prepared By |wHs

Division: [ 12] Location: [.04 MI S OF SR 1509 HydroMgr: | PEF  HydroReviewer: | MTS |
Latitude: | Longitude: | Decimal degrees, a min of 5 decimal points Project Type: |B‘5861

[~ Existing Structure

Structure Type”Timber Deck/ | Beams I ¥r Built: | 1955
Span Arrangement: |2_@30' | QAL [ft): Skew: 90 | Abutment Type:|Sloped-2:1
Nurmber of Barrels: [ ] @ Span (ft): | |>( Rise {ft): [ ]

Bed to Crown (ft) | 13 Clear Roadway (ft): Water Depth (ft) 1 Superstructure Depth 2 \
-
ADT: Year ADT:| 2013 Scour Code (item113): E Prior Survey Completed: v Survey Date: m_’@j

Drainage Area: :-!!l.‘;'_ Drainage Area Source: | USGS Stream Stats | Roadway Ove
Discharge Method: |USGS Regression Equations | USGS Region: (1 Stream Gage Number({if applic

Qiofcfs):| 400 | Q25 (efs):| 1050 Qsofefs):[ 1300 | Qioofefs):| 1500 |

[ structure in Flood Hazard Zone  Panel #: [ 2622 | Panel Date: 222022008 Type of FIS:

—— Enviromental
Quad Map:IALAHKA NC River Basin: Broad Buffe - |
Primary Stream Classification Stream C cation

Wl Class B [ classc Lsa Llse nal:lrom l—l Area ronmental Concern

[Jsc [ swiL L wiL Llwsi \ U cama d & Scenic Rivers
Q ried

Chws Clwsi vl ws v CIwsvy ural & Scenic Rivers
Supplemental Stream Classification 0 I red [303d] Primary Nursery Area

L pws O HOW L nsw Designated Shellfish Harvesting Area

O Sw O Tr O UWL ‘ /in 0.5mi. Demgn@ ic Mountain Trout Waters

—— Up/Down Stream Features
Structure Tpr,'ZMP |

Shan #yrangement |2 LINES OF 96" OAL {ft) | |

Structure #: (220221 |  Route:[SR 1505 | . Nber of Barrets: [ 1® span tft): [ Jx Rise (ft): [ ]
Latitude:| 35.40235 Longitude:

65757 xd
Prior Survey Completed:[ | Su ] to Crown (ft) Year Built:| 1955

Downstream Feature: ence w/ Strea
Structure Type: | |

Location:
Span Arrangement[ OAL (ft)
Structure #: ute:
. Number of Barrels: |:|@ Span (ft): |:|>< Rise (ft): |:|
Latitude:| Longitud

Upstream Feature: |[Culvert
Location: [0.3 MI S OF SR 1509

Date:| ] Bed to Crown (ft) | | Year Bui[t:. ]

Prior Suwe@leted:l_l

otes /P

Stream ﬁ ownstram

Fhis form can be downloaded from the Hydraulics Unit website. 20160113

o4

urate )

Q

E:

"o

EXAMPLE Only (dat:

*
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APPENDIX D
ITEM 2

Items to consider discussing at bridge replacement field scoping meeting:

STRUCTURE
e  Bridge replacement with culvert (or vice versa)
e Culvertsills, baffles, bottomless (3-sided) structure, native bed material
e  Precast or cast-in-place
e  Recommended structure, possible span arrangement
. Existing bents, abutments — offsets for new bent locations, removal or not?
e  Vertical abutments proposed?
e  Alternate structure recommendation b
. Box beam, cored slab, concrete girder, steel girder, etc. @
° Fill height \
e  Bridge rail height and type Q
e 10 ft. offset — provided or waived? @ @ ¢
e  Drilled shafts or piles 0 ° 0
e Is Geotechnical information available? Does it affect design? 0 \3
e  Bed to crown height @ C)
e  Superstructure depth @
e  Step-caps vs. consistent depth superstructure spans & K
e  Low chord adjustment vs. raising grade O Q
e  Freeboard considerations \ K
e  Vertical clearance needed under bridge for maintena anpectlon a@ O
e  End bent caps depth — 4 ft. or 2 ft.-6 in.? @ @
e  Skew considerations, flow direction, bent ahg’m@ d Iocat%% ater?) @
FEMA Q 0 QC)
e  FEMA permit required? C) C)
e  Will MOA apply? (CLOMR antici @
e  Status of effective hydraulic mod delln y7)
e  In FEMA Special Flood Hazard Area (SFH 0-yr ove o d?
e Lowest adjacent grade on potentially aff%rropertleg
SCOUR * N
e Unusual scour potential? Prote jon needed?
e Are banks stable? Protectlo ed? \\C)
e  Debris potential
. Riprap on excavated @/or SQ nks
STREAM
e  Design eve req ency), letel o s@rwce, (low-water bridge?)
e Normal rfacede
° ngh Wi format available)
e  Stream chann Wi nks, slope, flow velocity, etc.
. % tlonal ental features (wetlands, tributaries, etc.)
OTH

Side @%anes, raised median

Declkdrains, 2Gl or concrete flume, limits of shoulder berm gutter, guardrail
Potential driveway relocations

Allowable spread

Temporary causeway needed? Related issues

Construction staging issues

Temporary onsite detour needed? If so, what alignment and elevation?
Greenway, pedestrian, bike, farming access accommodation
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APPENDIX D
ITEM 3

PRELIMINARY HYDRAULIC FIELD VISIT CHECKLIST

1. MEASUREMENTS OF BRIDGE/CULVERT, WATERWAY, APPROACHES

Soundings for bridge opening, incl. bridge seats, low chord, toe of abutment, natural

ground, tops of banks, water’s edge, water surface elevation

Measure/locate each span

Measure size of culvert opening(s) (width x height)

Measure cover over pipe/culvert

Measure skew of structure

Plot location of channel and tops of banks relative to structure

Note abutment type and condition

Note any evidence of scour/erosion/bank instability; for culverts, also note the foIIo
e Scour hole at outlet (depth, length, width)
e s invert perched? If so, measure how much @Q

Note bed material and condition

Review existing land use for determination of Manning roughness coeffici Q&ues \C)
Determine approximate location/elevation for roadway overtopping

Note any identifiable migration of stream @

Identify and sketch potential stream relocations %

Note condition of existing bridge/box culvert (cracks, spalllng,

Measure normal depth of water (beyond influence of eX|st| tructure) ngh water,
Ordinary High Water (OHW — mud or ve atlon line) (

Note signs of high water and eIevatlon %f
culve ti-barr

Note if flow is confined to a smgle.b @
Measure width of channel (bas 'S edge 0 s edge,(to bank to top of bank)
and plot channel allgnment/sk lative to (at a ate crossing location if

new location)

Note debris potential
Note and locate as appro |ate an at may roposed structure (remnant piers,

etc.) \
Note whether USGS stream gw tached near bridge

t
Note utilities concerns (ov attac &to strdcture, adjacent to roadway, etc.)

2. NEARBY PROPERTY, CTUR C)AFFECTED
Note any structur eam t e in the floodplain
Note nearby u
Note poten nwir nme sensitive areas (including wetlands, parks, ponds, lakes,
reservo
Not f-Way $tt|on concerns (especially for recommended alignment)
ents,of ing offsets, driveway location, etc. if directly adjacent to
culve

Updtream channel and banks
nstfeam channel and banks

ﬂe cribe fl |n characteristics upstream and downstream
& \PHICAL INFORMATION
[ )

. %rldge face showing approaches

Left and right approach alignments

Abutments and typical interior bent

Any special conditions that warrant a photograph

Document/label photos taken in field notes for identification purposes
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APPENDIX D
ITEM 3

4. FIELD NOTES/DELIVERABLES

Obtained from Routine Inspection Report: Q
Superstructure type and depth (top of de@low chor,

Date and note personnel on field notes

Plan view sketch at 1"=50" scale (or other convenient scale)
Plan view sketch should include ex. structure/bents (incl. remnant piles, if applicable),

channel alignment with water’s edge and tops of banks, and include road, and any

pertinent adjacent features (building, drive, woods line, utilities, ditch, pipe etc.), North

arrow and flow direction. After field visit, proposed structure should be added at

appropriate skew and include preliminary span arrangement. b
Profile view at 1"=10" scale (or other convenient scale).

Profile view should include ex. structure/bents, WE & TB, etc. After the field visit
structure should be added and include preliminary superstructure and span arran
Record of historical flooding information from locals (w/name, address, phon
in residence): ever overtopped, highest level reached, flooding frequency
Show recommendation for replacement or for new structure

Note any advantages or disadvantages with respect to various alternati\@b z

Note recommendation for proposed structure/road alignment, and t€mp. on-site

Record of photographical information O Q

O
e RN
Clear roadway width Q 00

éist

Overall (out to out) bridge idth

Note bridge sounding d oric@@ation‘o@bed or developing scour
Review photos and notes\@bout debyi \
Note any maintenance perfor scour: 0
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DATE:

PROJECT NUMBER:
WBS ELEMENT #:
PROJECT DESCRIPTION:
NAME:

PRELIMINARY HYDRAULIC RECOMMENDATIONS FOR MAJOR" CROSSINGS

EXISTING STRUCTURE

MINIMUM RECOMMENDED

STREAM/ FEMA STUDY DRAINAGE STRUCTURE
SITE NUMBER | ALTIDY | ROUTE | STATION LAT LONG WETLAND | STREAM NAME TYPE AREA Notes
ID (Min2) Number, Size, Structure Type Number, Size, Structure Type
1
2
3
4 O
5 x9
O)
QN Q&
6 S
7 > 0
F
8 KQ
N QY
\ N
9 \\@, ‘\(\Q) 60
10 & o s
11 Ve )g\,' :\§>
12 ) é‘% >
13 & A'\ -
&L
14 KON
\)
15 A\O (\ﬁ\<
\ RN O
16 O ’:}\'\
17 @fb\ O
18 ¥ (@
19
20
NOTES:

(1) Major Crossings - conveyance greater than 72" pipe (This table should be used for Merger CP2A concurrence.)
(2) Provided in planning document

THE EXCEL SPREADSHEET FOR THIS
FORM SHOULD BE DOWNLOADED FROM THE
HYDRAULICS UNIT WEBSITE.

https://connect.ncdot.gov/resources/hydro/pages/default.aspx

7 W41l
d XIdNdddV
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APPENDIX E - ITEM 1
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Bridge Survey & Hydraulic Design Report Key

10.

11.

12.

13.

14.

15.

17.

18.

I.D. No. - Specify ID No. Example: B-4494 (for TIP projects) BD-5112K (For Low Impact bridge project),
SF-890095 (State funded bridge projects), FA-770077(Division Force Account projects).

Project No. - Specify Project Number.

Proj. Station - Specify centerline bridge station to the nearest foot along survey line (typically —L- or -Y-
line). 6
County - Specify County Name

Bridge Over - Specify name of stream or body of water @Q

Bridge Inv. No. - Specify four digit bridge number, e.g., 0078.

On Highway - Specify Route number bridge is located on and for SR routes%tfy roa?&@t if there

is one. (e.g., NC 211, SR 1742 (N. McMullen Rd)).

Qen For utes specify road

en Rd K

Recommended Structure - Specify number ns and{e , type of strueture, overall length, and
depth of cap. (e.g., 1@40’, 1@55’ 21" élab w/4g ep caps)., Wofe: Overall length no longer
specified, so as not to be confused h spe y Stru anagement Unit in plans.

Recommended Width of Road Qlyeafy&e dw n the bridge (e.g., 27°-10" clear
( il d

Between and - Specify Route bridge is locate
name if there is one. (e.g., Between NC 211 aIQR 1742 (N.

roadway). Note: “Out to out{ Width no Ion@ edbes Q
Skew - Specify skew of bridge (angl%@bn line @o the right).
Recommended Location is - cir er Up, At, o%n based on location relative to existing bridge.
4
12a. Specify Iocat| fpropose e in relation to existing bridge, e.g., 50 ft. downstream,
At Existin ocatla\\
Longitude/Latitu @n fy as decimal degrees (preferably to the 5™ decimal place),
e.g. -79. 74686 97 This eful for locating on GIS maps.

Specify St h Reglo r“jub Regional Tier based on transportation facility.

rks, preferably referenced to -L- or -Y- line (rather than to -BL- line). Also
nd Easting State Plane coordinates of the benchmark.

Benc ch mark description, should be located outside of the construction limits.
y the ’%:

Iev S ench mark elevation.

Da(&peufy Vertical Datum used for this project, e.g., NAVD 88, NGVD 29.

Temporary Crossing - Specify whether or not a temporary crossing is required at the project site. e.g.,
Not Required, Off-Site detour provided, or Required 60’ detour bridge downstream of existing bridge.

Bridge Design & Hydraulic Report Key 1
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19. Photo - Place picture of existing upstream bridge face looking downstream (if no existing bridge use
photo of proposed bridge location looking downstream). Include directional arrows for the road
alignment and stream flow. See Photo below. If not practicable to provide photo, explain. E

L R ¢ A | LA O wl

s
20. Designed by - Specify Design Enginéer’ er at | Qtials and last name for #20 - #21)
21. Assisted by - Specify people wk&ted wi sugng or CADD work.

e
22. Project Engineer - Specify Rroject Engine\e,
23. Reviewed by - The re%r will si r printed and reviewed.

24. Date- Date proj Qaled. Q

25. P.E. Seal - @onsible@ﬁc‘énsed Design or Project Engineer

26. Strearepecify n{%@stream or body of water

Inv. N \@ify the four digit bridge designation, e.g., 0078.

. No. QQ
o

. Praj . - Specify Project Number.

1

30. PDF File - Specify file PDF file name using the appropriate naming convention, e.g., 6 digit structure
number_I.D. No._Stream_ Route Name.pdf.

31. Drainage Area - Specify Drainage Area at stream crossing. Specify in Square miles if area is 1.0 Square
miles or greater. Specify in Acres if less than 1 square mile.

Bridge Design & Hydraulic Report Key 2
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32. Source - Specify Source of Drainage Area. Typically from USGS Quad Maps or Stream Stats. Can also
come from, LIDAR data, drainage areas of Selected Sites verified with Quad Maps, or FEMA FIS.
Drainage areas should always be verified for accuracy.

33. River Basin - Specify River Basin
34. Character - Specify the character of the drainage area, e.g., Region 3-Sand Hills, rural, urban, etc.

35. Stream Classification - Specify any classifications listed on the DWR website or in the NRTR, e.g., B,
WS-1I, NSW b

36. Data on Existing Structure - Specify the number of spans and length, overall length, type@cture
and pile type.

37. Total Waterway Opening - Specify total square foot of waterway opening betwe&ow gh&
the existing bridge and the stream bed.
38. Waterway Opening below 100yr WSEL - Specify total square foot of water pem% een

100yr WSEL and stream bed. If overtopped, specify area of weir flow (m additi ormation
section, if necessary). 6

39. Debris Potential - Specify possible debris severity based on B@spect %cing of item 41 on the
Bridge Inspection Record and Summary and ations the fiel h as large trees leaning
on banks, debris build up on the bents, orf in eX| dge jO

40. Data on Structures Up and Down St \Spea ce upé}x stream from proposed
e

structure if relatively close (withi{§ ) otherw ist Iocat ature carried (eg. SR 1005), type

of structure, number of spa ubstructure information, raII length if bridge; if culvert,
number of barrels, size, and& Include &-digit br|d ber, if in NCDOT inventory.

41. Design Control Elev. - Specify the d ntrol n based on Chapter 8 in Guidelines
concerning backwater, freeboard complianees étc. Provide justification.
42. Gage Station No. - If available, réport n @SGS gage station I.D. number.

ge stafl nbe found using the quick check feature at NC USGS
Water Resources (htt “water. v/). Gage station locations can also be found using North
Carolina StreamSt -/ /w s.gov/osw/streamstats/north_carolina.html) or

HSP Environme nsitivity (https://gis13.services.ncdot.gov/esm/).

Data and location of near

43. Period of }s Spech‘ttream gage periods of activity and total number of active years. (e.g.,
May 1 ay 198

*Dl chari fy the maximum discharge recorded by the stream gage.

Spe date of the maximum discharge recorded by the stream gage.

%Freq pecify the frequency of the storm event for maximum discharge recorded by the stream
ga

47. Historical Flood Information - Record any reliable information on flooding or overtopping events
obtained from local residents, county maintenance or bridge inspectors, or other local individuals
familiar with area. Also previous Bridge Inspection Reports, past Bridge Survey and Hydraulic Design
Reports, or local news sources can be utilized to determine any flood or overtopping events. Record
as much information as is available. Also note if all sources report no overtopping.

Bridge Design & Hydraulic Report Key 3
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47a. Date - Specify date of the flood event.

47b. Elev. - Specify estimated WSEL of the flood event.

47c. Est. Freq. - Specify the estimated storm event frequency of the flood event.
47d. Source- Specify individual (name, title, address, etc.) or source of flood event
information.

47e. Period of Knowledge- If information is from an individual, specify the total nur@of
years the source has been acquainted with the bridge location.

48. Historical Scour Info- Historical scour information can be obtained from the Field In \0
section of the Bridge inspection Report or, if available, the Bridge Scour Report. @
historical stream bed soundings can also be used to discover any scour trends 0

48a. General - Specify any general scour reported for the existin G@ 6\,
48b. Contraction - Specify any contraction scour reported fof the existin@e.
48c. Local - Specify any local scour reported for the erdge Q
49. Channel Slope - Specify the slope of the c [. The sl ah be me@ from, but not limited
to, USGS Quad maps, LiDAR, FEMA Dem od stu@els o% rveys.
50. Source - Specify source of chann

51. Normal Water Surface Elev. {pgjy the %@NSEL (vﬁQon line) observed during the field

WSEL d day of s

inspection. Ifunavallable?‘
52. Manning’s n: Left -Specify % or the I@rbank
e

53. Channel - Specify Manning’ s channe

54. Right - Specify Mannlng the ri e‘bank

55. Source - Speufy SO Mannl \ value. (e.g., Flood Insurance Study or Field Observation)
56. Flood Study/St u euf pe of Flood Insurance Study (FIS) the bridge crossing is within

(e.g., Deta\g m|ted the of the FIS, and FIRM panel number. State ‘Not in Flood Study’ if
bridge crossthg is not irma study.

57. FIoﬁQEsta*'@ Specify whether a floodway has been established in the FIS or hydraulic
L AD
§ @%Od S \Oyr. Discharge -Specify the 100yr discharge at the published section upstream of the

bridg ng used in the FIS.

59. {t loodway / With Non-Encroachment - Specify the published FIS 100yr floodway WSEL for
ailed and Redelineated studies. Specify the Duplicate Effective Model 100yr encroached WSEL
for Limited Detailed studies.

60. Without Floodway / Without Non-Encroachment - Specify the published FIS 100yr WSEL for
Detailed, Limited Detailed and Redelineated studies.

Bridge Design & Hydraulic Report Key 4
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61. @ River Station - Specify the published river station upstream of the bridge used to obtain ‘With
Floodway / With Non-Encroachment’ and ‘Without Floodway / Without Non-Encroachment’
elevations.

62. Hydrological Method - Specify the Hydrological Region and method used for the hydraulic design
of the bridge, e.g., FEMA Discharges, USGS SIR 2014-5030.

63. Hydraulic Design Method - Specify the Hydraulic Design method used for design of the bridge, e.g.
HEC-RAS 4.1.0.

64. Floods Evaluated- A comparison of the various discharge frequencies used for the hydra ign.

64a. @ River Station? - Specify the river station at the upstream toe used taq Q n the
hydraulic design quantities for the various discharges and WSELs. (NeédSio mat

item 74) O 0
64b. Freq. - Specify the flood frequency. @?’ ’\}

64c. Q - Specify the flood discharge, rounded per conventi f% Guidelin @bter 7,

Section 7.4. Q

64d. Elev. - Specify the event’s W nearest t ,Sfa foot Il reported).

64e. Backwater - Specify the in | n the \ge aused he highway encroachment
relative to the normal c ed S r non- ched conditions, round to
the tenth. (e.g., Propés SEL atural t upstream River Station)

round to the

64f. Bridge Openi gg ity - Sw e br| @nlng velocity at the upstream face,
%m ft/se )

opening between Design WSE tream be vertopped, also include area of weir flow.

65. Waterway Opening Provided l%\@ﬂgn Wj@ - Specify total square foot of waterway

66. Waterway Opening Provide elow 1 W S. Elev. - Specify total square foot of waterway
opening between 100 L anK\T . If overtopped, also include area of weir flow.
otal -

67. Waterway Open |ded B Specify total square foot of waterway opening
between the ra oft posed bridge and the stream bed.
68. Average 1 Veloaty ( esign) - Specify the average upstream channel velocity for the design
freque
*

69. Av a Overb\ oaty (Design) - Specify the average upstream overbank velocity for the

even any additional required frequencies (per Guidelines 8.6.2).

%ﬁ; fre
;@C pu ur General Specify the calculated long term degradation scour for the 100yr storm

% ted Scour: Contraction - Specify the calculated contraction scour for the 100yr storm event
and any additional required frequencies (per Guidelines 8.6.2). (Equations to be shown in
Additional Information and Computations, see item 86)

72. Computed Scour: Local - Specify the calculated local scour for the 100yr storm event and any
additional required frequencies. (Equations to be shown in Additional Information and
Computations, see item 87)

Bridge Design & Hydraulic Report Key 5
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73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

APPENDIX E - ITEM 1
SHEET 6 OF 11

Is a Floodway Revision Required? - Specify the type of floodway revision that is required (e.g.,
CLOMR, MOA type 1, MOA type 2e). Specify the maximum increase or decrease of the BFE and
river station location. (e.g., Maximum decrease of 0.4 ft. at River Station 15003)

WS EL. Taken @ River Station - Specify the river station upstream of the bridge used to obtain the
Hydraulic design quantities for the various discharges and WSELs. (Needs to match item 64a)

Design: Discharge - Specify discharge for the design frequency.
Design: Frequency - Specify the design frequency per Guidelines (Table 7-1). b
Design: Elev. - Specify the WSEL for the design frequency, round to tenth ft. \@

Base Flood: Discharge - Specify the discharge for the base flood (100yr event). @

<
\0

Overtopping: Discharge - Specify the discharge for the overtopping eve great a 500yr
event, state 500yr+ and note >500yr discharge (e.g.: 10,000cfs) and ate “overt @'exceeds

Base Flood: Elev. - Specify the WSEL for the base flood (100yr event), roun@

500yr flood event” Q
Overtopping: Frequency - Specify the overt&ing frequer‘é\l K
Overtopping: Elev. - Specify the elevati Q@tﬁe ove@yg eve@g to tenth ft.

Additional overtopping informati eC|fy th@&way ove mg location, e.g., left shoulder
at STA. 15+69 -L- . C
Discharge Equations use drolog thoq the method and equations used to

calculate the various frequéncy disch

FEMA Discharges - Specify disc \used in

calculate the contractlon our for th storm event and any additional required frequencies.
(reported on item 7 | Yy typ e or clear water. Include River Station from which
parameters obtam

Contraction Scour Computa ns - Speafé he\equatlons/vanables used (cite HEC-18 version) to

Local Scour 9 tations -Qlfy the equations/variables used (cite HEC-18 version) to calculate
the local sc r the y stofm event and any additional required frequencies. (reported on
item 7 cIude Riv, on from which parameters obtained.

AnQer mfo&}'wn Specify any additional information (e.g. regulatory
qU|rem um adjustments, etc.) or other pertinent information related to the

: H des

Bridge Design & Hydraulic Report Key 6
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PDF Fila. .. oo s T

Struc. Inv. No. @ 1.D. NOQ Project No. .....

Stream ........ 7 .........

BRIDGE SURVEY & HYDRAULIC DESIGN

N. C. DEPARTMENT OF TRANSPORTATION
DIVISION OF HIGHWAYS
HYDRAULICS UNIT
RALEIGH, N. C.

On Highway............ @ ............. Between ..........\V......... and ....
Recommended Structure ,........................ @
Recommended Width of Roadway.................. /s

Longitude

--------------------------------------- ok o

Recommended Location i p, At, Down) Stream from Existing Crossing,.... @b

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ®  Latitude 0&

APPENDIX E -
ITEM 1
REPORT SHEET 7 OF 11

Statewide Tier [0 Regional Tier O \ Sub—R i\al TierO% @
Bench Mark is ............... @ ................... N A@ ...... &Q .....................................
Northing Easting Q\ G&/ @ﬂ. Datum: . ... @ ,,,,,,,,,,,

Temporary Crossing ... .\/.............. KC) ................. @,Q .

: ¥

Designed by: ..................... .!

Assisted by: ... e e b
@ ate . ... N........

Project Engineer : . . .. ....... N/ ..

Reviewed by: ...................... @ ......................

.........
. .

. .
. .
-------




@ SITE DATA @ APPENDIX E -
Drainage Area ITEM 1

Stream Classification (Such as Trout, High Quality Water, etc.)

Data on Existing Structure

Waterwqy Opening Below 100yr. WS EL. .........
Debris Potential: Low ....... Moderate High

Historical Flood Information: OK %§®

riod of

Date, . . ... Elev.. ... ft.Est. Freq. . ,\q ......... K owledge... Y
O Period of

Date. . Elev.\ /.. ft. Est. Freq. | FA) Gy Knowledge, .\ /. yrs.
@ Period of

Date......... Elev..........ft.Est. Freq. ........yr.Soutee™. ... ... &% " .. ... O .......... Knowledge.......... yrs.

His'rorical Scour Info. :General,_...... 2 ion(... : /L HNL al,__....f’r.
Channel Slope.,,...) ..., fft Source |

Manning’s n: Left O.B. . ‘ Chan

Flood Study /Status ,,....................

Floodway Established?...,

% Without
Flood Study 100yr. Discharge .. f& WS EI Floodway ....\_/..... ft. Floodway
( @ River Station ¢
@GN DATA

Elev. Backwater Bridge Opening Velocity

(ft.) (ft.) (f.p.s.)
@ Rlver Q hon

Waterway Opening Provided Below:Desiin W.S. Elev. ....s.f.,'IOOyr W.S. Elev. __..s.f.,TotaI ..__s.f.,

Average Channel Velocity (Design).....

..f.p.s. Average Overbank Velocity (Design) f.p.s

......... @f’r Local @ ft.

Computed Scour :  General .. ... @ ........ ft. Contraction

Is a Floodway Revision Required?
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WS EL. Taken @ River Statiga<? @
Design: Discharge ...... @ .....c.f.s.  Frequency ,,,,,,,, yr. Elev. ........ .. N\........ ft.

Base Flood: Discharge ........... . ...cfs.  Frequency ........ 100........ yr. Elev. ......\ /. ........... ft.

Overtopping: Discharge . ...... . v.....cfs. Frequency .......\o/........ yr. Elev. ........... ft.

*STATE LOCATION OF OVERTOPPING

ADDITIONAL INFORMATION AND _COMPUTATIONS

e @ RO @
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APPENDIX E - ITEM 2
SHEET 1 OF 10

Culvert Survey & Hydraulic Design Report Key

1. LD. No. - Specify ID No. Example: B-4494 (for TIP projects) BD-5112K (For Low Impact Structure
project), SF-890095 (State funded projects), FA-770077(Division Force Account projects).

2. Project No. - Specify Project Number.

3. Proj. Station - Specify Roadway station along survey line (typically —L- or -Y- line) where the project
intersects the structure centerline. b

4. County - Specify County Name
5. Stream - Specify name of stream or body of water @Q
6. Structure No. - Specify four digit Structure number, e.g., 0078.

7. On Highway - Specify Route number Structure is located on and for SR rou eC|fy me |f
there is one. (e.g., NC 211, SR 1742 (N. McMullen Rd). %

8. Between and - Specify Route Structure is loc dQNeen FQ routes specify
road name if there is one. (e.g., Between N &1 andSR 174 cMullenRd))

9. Recommended Structure - Specify the nu
include any other design features, e.g.,
being extended, specify extension |
culvert sizing is listed as Width x H

@ze and fculver ) posed; additionally,
ight, emb& d dept placement. If structure is

exter@ and/or downstream). Note

10. Recommended Width of Ro - Specif] c}ulder pon@@oulder point width (e.g., 72’-0” shld.

pt. to shid. pt.)

11. Skew - Specify skew of Structure ( &\ased on @ad to the right of the proposed alignment).

For existing culverts that will b ded, report kew with as much precision as necessary,
including to DDMMSS. For posed new h%l&ns, generally reporting to the nearest degree is
sufficient. w

12. Recommended Loc %@- circle \ Up, At, or Down based on location.

12a. location o oposed Structure in relation to existing Structure, e.g., 50ft

nstrea KEXlstmg, New Location.

13. Longlt t|tu ¢ |nates Specify as decimal degrees (preferably to the 5" decimal place),
74686 7. This is useful for locating on GIS maps.

@y State egional, or Sub-Regional Tier based on transportation facility.
ench SpeC|fy Bench mark description, should be located outside of the construction limits.
Ca ench marks, preferably referenced to -L- or -Y- line (rather than to -BL- line). Also

Spedify the Northing and Easting State Plane coordinates of the benchmark.
16. Elev. - Specify bench mark elevation.

17. Datum - Specify Vertical Datum used for this project, e.g., NAVD 88, NGVD 29.

Culvert Design & Hydraulic Report Key 1
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

37.

38.

APPENDIX E - ITEM 2
SHEET 2 OF 10

Temporary Crossing - Specify whether or not a temporary crossing is required at the project site. e.g.,
Not Required, Off-Site detour provided, or Required (note size and type of) detour Structure and
location (upstream or downstream of existing Structure).

Photo — Use this space for photograph of proposed site, showing centerline, direction of flow and
other important points on photograph.

Designed by - Specify Design Engineer. (Prefer at least initials and last name for #20 - #21)

Assisted by - Specify people who assisted with surveying or CADD work. b
Project Engineer - Specify Project Engineer. \@
Reviewed by - The reviewer will sign after printed and reviewed. @Q @ .

Date- Date project is sealed. CJC) &}C)
P.E. Seal - of Design Engineer. ®~ E C)

Stream - Specify name of stream or body of water é

Struc. Inv. No. - Specify the four digit Structure designation, e&Q]S K Q
I.D. No. — See #1. @.\ @

Project No. - Specify Project Numbe

PDF File - Specify file PDF file na the ap 0 |ate na convention: 6 digit structure
number_Year sealed_I.D. No? m_ Rou ame. pdf

970012_2010_B5800_MuddyCreek

Drainage Area - Specify Drainage t stream @ ng. Specify in Square miles if area is 1.0 Square

miles or greater. Specify in Acr ss than %iua < m|Ie
' p

Source - Specify Source o ally from USGS Quad Maps or Stream Stats. Can also
come from, LIDAR dat i age ar Iected Sites verified with Quad Maps, or FEMA FIS.
Drainage areas sho

2d for accuracy.
River Basin _@ iver Basin

Characte@eufy th Qter of the drainage area, e.g., Region 3-Sand Hills, rural, urban, etc.

Str alﬁssﬁlca \peafy any classifications listed in the NRTR, e.g., B, WS-1I, NSW and any
d&onal cl n such as Tr, HQW, NSW, OWR

lengt f structure, and pile type, shape, and width. Culverts include number of barrels,
strK size, and type.

Q;a on ;Q Structure - Specify existing structure detail. Bridges include the number of spans and

Total Waterway Opening - Specify total square foot of waterway opening for the existing Structure.

Waterway Opening below 100yr WSEL - Specify total square foot of waterway opening between
100yr WSEL and stream bed. If overtopped, specify area of weir flow also (in additional information
section, if necessary).

Culvert Design & Hydraulic Report Key 2
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39. Debris Potential - Specify possible debris severity based on Structure Inspectors rating of item 41 on
the Structure Inspection Record and Summary and observations made in the field such as large trees
leaning on banks, debris build up on the bents, or foliage in existing Structure joists.

40. Data on Structures Up and Down Stream - Specify distance up or down stream from proposed
structure if relatively close (within 1000’) otherwise list location by feature carried (eg. SR 1005), type
of structure, number of spans, substructure information, and overall length if bridge; if culvert,
number of barrels, size, and type. Include 6-digit bridge number, if in NCDOT inventory.

41. Gage Station No. - If available, report nearest USGS gage station I.D. number.
Data and location of nearest gage stations can be found using the quick check feature at NC

Water Resources (http://nc.water.usgs.gov/). Gage station locations can also be found orth
Carolina StreamStats (http://water.usgs.gov/osw/streamstats/north_carolina.html) .
Environmental Map (http://ncdotesm.ursokr.com/default.html). @
*
; ctive \(e.g.,

42. Period of Records - Specify the stream gage periods of activity and total nu b@ a
May 1974 to May 1981, 7 yrs.) %.

43. Max. Discharge - Specify the maximum discharge recorded by the stégage. :KZ

44, Date - Specify the date of the maximum discharge recorded by, ream ga(

45. Frequency - Specify the frequency of the st s nt for m d|sch Qrecorded by the stream
gage.

46. Historical Flood Information - Record'an rehablc}éﬁatlon &ijg or overtopping events
obtained from local residents, c aint r Struc spectors, or other local individuals
familiar with area. Also pre ucture t|on Re§ ast Structure Survey and Hydraulic
Design Reports, or local news urces ¢ |I|zed mine any flood or overtopping events.
Record as much information as is a Also n | sources report no overtopping.

46a. Date - Specify d t e flood ev

46b. Elev. - Spec&estimat‘ed Aof the flood event.
C. Est. F Qpecifyb%mated storm event frequency of the flood event.

46
46d. - pecif\@ idual (name, title, address) or source of flood event.

46e, \erioc@@ﬂledge- If information is from an individual, specify the total number of

years urce has been acquainted with the culvert location.
47. Allowable H
cernin

3\
Q&

- Specify the allowable HW elevation based on Chapter 9 Guidelines
49. &nning’s n: Left -Specify Manning’s ‘n’ for the left overbank.

able headwater, freeboard, FEMA compliance, etc. Provide justification.

er Surface Elev. - Specify the Normal WSEL (vegetation line) observed during the field
If unavailable report WSEL during day of survey.

50. Channel - Specify Manning’s ‘n’ for the channel.

51. Right - Specify Manning’s ‘n’ for the right overbank.

Culvert Design & Hydraulic Report Key 3
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52. Obtained From - Specify source of Manning’s ‘n’ value. (e.g., Flood Insurance Study or Field
Observation)

53. Flood Study/Status - Specify the type of Flood Insurance Study (FIS) the Structure crossing is within
(e.g., Detailed, Limited) and the date of the FIS. State ‘Not in Flood Study’ if Structure crossing is
not within a study.

54. Floodway Established - Specify whether a floodway has been established in the FIS or hydraulic
model.

55. Flood Study 100yr. Discharge -Specify the 100yr discharge at the Structure crossing use
Flood Insurance Study.

56. With Floodway / With Non-Encroachment - Specify the published FIS 100yr floo SEL fo@ ¢
Detailed and Redelineated studies. Specify the Duplicate Effective Model 100yr f dway.fc()
Limited Detailed studies. O

57. Without Floodway / Without Non-Encroachment - Specify the pubIQe@g 100yrl§4or

Detailed, Limited Detailed and Redelineated studies. K

58. @ River Station - Specify the river station upstream of the Strlicture used to ob¥din ‘With Floodway
/ With Non-Encroachment’ and ‘Without Fl way / Withu@on-Encr ent’ elevations.

59. Hydrological Method - Specify the Hydr @;I met Q@d for t@ydraulic design of the
Structure, e.g., FEMA Discharges, U 2014-

60. Hydraulic Design Method - S@ e Hydra(c))esign qﬁ@used for design of the Structure,
e.g. HEC-RAS 4.1.0, HDS-
g o~ :
61. Design Tailwater -Specify t Iwa'&%g 0\
62. Culvert Hydraulic Design Comm ions — Def%rm corresponds to HDS-5 methodology. Cell
level can be turned off to re& ith a&dte‘r‘na table, such as one showing HEC-RAS output.

63. Is a Floodway Revisio
CLOMR, MOA type
river station locagi
information

ired? ¢ @cjy he type of floodway revision that is required (e.g.,

ipecify the maximum increase or decrease of the BFE and
g, M decrease of 0.4 ft. at River Station 15003) Use additional
putatio ction, if necessary.

64. Total Proi Wate Opening - Specify total square feet of waterway opening provided in

struct . O

65. Qutl Veloc% - Specify the outlet velocity for the 10yr event. To ensure this number is
urately& ting for channel stability requirements, use partial depth velocity.

. Natu nnel Velocity (V1o) - Specify the natural channel velocity for the 10yr event.

67. e@ed Outlet Protection - If needed, specify type (eg.: “Class | rip rap along banks only” or
“Energy dissipator basin required, see detail” and provide detail and quantity inside report. If
none required, state “none required”.

IM

68. WS EL. Taken @ River Station - Specify the river station upstream of the Structure used to obtain
the Hydraulic design quantities for the various discharges and WSELs. Give approximate distance
from upstream face.

Culvert Design & Hydraulic Report Key 4
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69. Design: Discharge - Specify discharge for the design frequency.

70. Design: Frequency - Specify the design frequency based on the roadway classification. If a lesser
design frequency is used, state the frequency and state whether the design maintains the level of

service for the facility.

71. Design: Elev. - Specify the WSEL for the design frequency. (Round all flood elevations to tenth of a

foot.)

72. Base Flood: Discharge - Specify the discharge for the base flood (100yr event). Round per b
convention in Guidelines Chapter 7 Section 7.4.

73. Base Flood: Elev. - Specify the WSEL for the base flood (100yr event). \'

74. Overtopping: Discharge - Specify the discharge for the overtopping event. If
event, state 500yr+ and note >500yr discharge (e.g.: 10,000cfs) and state ”@ping

500yr flood event”

..

fb 0

75. Overtopping: Frequency - Specify the overtopping frequency.

76. Overtopping: Elev. - Specify the elevation for the overtoppm Q

77. Additional overtopping information - Sp

at STA. 15+69 -L-.

78. Discharge Equations used for H

79. FEMA Discharges - Specif

requirements, datum adjustme

80. Any other information - Speufy%

H&H design.

N
@’ﬁ N4
@Q

Culvert Design & Hydraulic Report Key
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CULVERT SURVEY & HYDRAULIC DESIGN REPORT sherte oF 10

N. C. DEPARTMENT OF TRANSPORTATION
DIVISION OF HIGHWAYS

HYDRAULICS UNIT
RALEIGH, N. C.

I.D. No......... @ ,,,,,,, Project No. @ ,,,,,,,,,,,,,, Proj. Station ............ @ ,,,,,,,,,,,,,,,
@ ........... Stream ... @ ................................ Stru. No. .. @
On Highway............ @ ,,,,,,,,,,,, Between ..........\/......... and ... b _____

*

| (o) 0% : QQ’
Recommended Width of Rgadway................. ‘ ............................... Skevc.J ....... \' .........
Recommended Location i@)p, At, Down) Stream from Existing Crossing. @b
................................. @ Latitude é

Longitude ?
Statewide Tier O Regional Tier Q Q’\'Sub—lb alTier 0O
Bench Mark is ............... @ ........................ @ ........ Q .....................................
>

________________________________________________________ \ e .. Daium:_,,,_@,_,,,_,,,_
Temporary Crossing .......\o/.vvvvvirirnnns K C’Q 0&/ @Q@
: ¥

N
. .
. .
C .

Designed by: .....................

Date ., ......N7...... _-:
Assisted by: ... . N : @

Project Engineer @ ,,,,,,,,,,,,,,,,,,,,,
Reviewed by: ..........cocovveeih \&9 i

.
.....
------
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DETOUR STRUCTURE SURVEY & HYDRAULIC DESIGN REPORT
N.C. DEPARTMENT OF TRANSPORTATION
DIVISION OF HIGHWAYS
HYDRAULICS UNIT
RALEIGH, N.C.

1.D. NO. Project No. Proj. Station
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North Carolina Department of Transportation
Division of Highways Hydraulics Unit

Raleigh, N.C.
Structure Survey Recommendations

@Q '

I.D. No. Date: 6
Project No.:
County: Surveyed by:
Description:
Shipping pt.: RR: Distance from project: @0 C}'
Min.Subgrade |Final Q ‘%
Station Structure Skew Bed Elevation| Required EIeVV Draéea
> &
Remarks: . A‘ —&® @
. >
g N0
NG
KA &
Remarks: KV . ~
LD
S N\
O P
\U ﬁk\ﬂ
Remarks: \V

\)

>

®

%,
Y.
‘9/

il

Remarks:

This form can be downloaded from the Hydraulics Unit website.
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NCDOT BSR -

(2.5 CAP, 90 DEGREE SKEW, CORED SLAB and BOX BEAM)

3.5

WEARING SURFACE

2.6

TOTAL UNIT LENGTH ON BSR=70.0'

HEC-RAS BRIDGE OPENING GUIDE

2\

o

G WO
/—HIGHEST TOP OF CONCRE F@ ER RAIL\\

|

’

NG RT

NOTE: (1)

STANDARD RAIL HEIGHT MIN. = 3.5’

(NOTE: (1)(2)(4)) K

*

12/ GUARDR® - P
A "-_‘ - —

— —

~ -~ —

~

FILL FACECAP TO
BEGIN BEAM=1.125 —>
(TYP.)

7
e,

“NCDOT BSR - HEC-RAS BRIDGE OPENI
The attached bridge profile view r

MQIDE”
s

face of the cap (1.625' inside e
It also reflects 1.6’ as the latest

top of berm width (includes €lass IRIP@

4

3.5’

l——

NOTES:

(1) ACCOUNT FOR CROWN DROP AS NEEDED

(2) CONCRETE BARRIER RAIL HEIGHT MUST MAINTAIN
3.5’ ABOVE WEARING SURFACE

(3) DIMENSIONS ARE ROUNDED

(4) DIMENSIONS MAY VARY DEPENDING ON
STRUCTURE

(5) EXAMPLE IS FOR A STANDARD SINGLE
SPAN 70’ UNIT LENGTH.

(6) THIS IS A GUIDE. ENGINEER 1S RESPONSIBLE
FOR VERIFYING CORRECT DIMENSIONING

121013, HEC-RAS Bridge_Opening_2013_12_10.pdf
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HEC-RAS BRIDGE OPENING GUIDE b

NCDOT BSR
(4.0 CAP, 90 DEGREE SKEW, CORED SLAB and BOX BEAM) 5@
TOTAL UNIT LENGTH ON BSR=70.0' ——>
R @
| O
,—— HIGHEST TOP OF CONCRET R RAIL\§
l STANDARD RAIL HEIGHT MIN. = 3.5’ 0
WEARING SURFACE y (NOTE: (1)(2)(4)) ® e -
NOTE) 2T T
/ ~
// ~ -

LOWEST LOW

___________ E— |

DIST. FROM CAP PACE

T~ _ TO END OF BEAM=1.625—
- DIST. FROM BERM'.TOP—|
~ TO CAP FACE=1.6' nin-.
\ —_—
TN~ — ~
NG RT FILL FACECAP TO

BEGIN BEAM=1.125"—
(TYP.)

“"NCDOT BSR — HEC-RAS BRIDGE OPENI\QIDE"

The attached bridge profile view refle

how to determine the location off Terlor

face of the cap (1.625' inside e \O
RIP| RAP

It also reflects 1.6" as the latest

top of berm width (inclu xluss

<—'—,/— FILL MATERIAL (TYP.)

<—r2 750/ /WIDTH OF

O ,’ *// CAP
Nl

f

2.0’ 3.5’

NOTES:

(1) ACCOUNT FOR CROWN DROP AS NEEDED

(2) CONCRETE BARRIER RAIL HEIGHT MUST MAINTAIN
3.5 ABOVE WEARING SURFACE

(3) DIMENSIONS ARE ROUNDED

(4) DIMENSIONS MAY VARY DEPENDING ON
STRUCTURE

(5) EXAMPLE IS FOR A STANDARD SINGLE
SPAN 70" UNIT LENGTH.

(6) THIS IS A GUIDE. ENGINEER IS RESPONSIBLE
FOR VERIFYING CORRECT DIMENSIONING

121013, HEC RAS Bridge Opening 2013 12 _10.pdf
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WEARING SURFACE

j— MIN. BRIDGE LENGTH =~ —=] /_
\ 1

/
\ LOW CHORD / -

NCDOT MINIMUM LENGTH BRIDGE

9 INA1I - 3 XIAN3IddV
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Guidance for When to Use Sills/Baffles in Box Culverts

The following is to be used as a guide to help the engineer in determining when to use sills/baffles in box
culverts. The guide is intended primarily for reinforced concrete box culverts but may also be applicable to
larger Aluminum Box Culverts, Corrugated Steel Pipes and Corrugated Steel Pipe Arches. The Culvert Avoidance
and Minimization Design Guidance memo dated 4/24/12 should be referenced for criteria to evaluate in culvert
design. The Native Material Specification Memo dated 1/6/14 should also be referenced for material to b&ed
to backfill sills/baffles. @

Sills are vertical extensions attached to the culvert bottom placed at the inlet and outlet of the cu Baffles

@t eyoﬂ)@
well @s Ip

ultiple parreled

*
are vertical extensions attached to the culvert bottom placed at designed intervals inside the

sills located at the inlet and outlet. Sills can be used to retain the native material in the cu
prevent head cutting. Sills may be used at the inlet and outlet of the higher flow barr
culverts to help maintain the natural stream width and depth through one or more,of t barrels@ es can be
used together with sills to help retain native material in culverts on steeper slo ills and ﬁe ay also be
used to help slow velocities in very steep culverts. Baffles can also be used ge@ Q

low flow channel in the culvert by varying the dimensionsﬁght and wi@f

below for example of sill/baffle detail: % @
SRS
Low flow Q C) (\

channel barrel = :

r with sil help create a

the sil ffles. See figure 1

N
tgh flow barrel with floodplain
bench @ inlet and outlet

Low flow sill set

at stream bed 7

High sill set @ floodplain bench

i i S AT i
elevation Q . S AT rLeT elevation
\ S FLOODFLAI
FLOCDPLAIN siLL BENCH »
BEMCH //7\ \
=, EACK FILL WITH NATIVE MATERIAL TO B
. SILL HEIGHT

OF BAFFLES=F%
NUM%E{E CENTERS FROM DOWHNSTREAM SILL

Figure 1-Sill/Baffle detail
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It should be noted that baffles and sills do not have to be alternating as shown in the above detail. Each stream
crossing should be evaluated by the engineer to determine the appropriate design. The engineer should
evaluate the need for using sills/baffles based on factors such as culvert width, stream width, culvert slope,
stream slope, culvert length, stream stability, bed material, propensity to head cut and the need for floodplain
benches. The following criteria may be used as a guide in determining when to use sills/baffles in box culverts.

Evaluate Culvert Width vs. Stream Width b

Designing the culvert width to match the stream’s low flow width is preferred if possible. The demg& uld
look up and down stream of an existing structure to determine the stream’s low flow width, as th@ of the

pheatoshe)
aintaipe d)

stream close to the existing structure is in many cases wider. If the culvert barrel width whe

existing streams low flow width is such that the stream’s low flow width and depth canno

through the culvert, then the use of sills and baffles will be required to establish a conti low fl nnel
through the culvert barrel. The height of the sills and baffles should vary across th of the barrel to
provide a continuous low flow channel through the culvert similar to the natur ms low, th and
depth. See Figure 2 for reference. The sills and baffles should be spaced th t the len f the culvert to
hold the bed material and maintain adequate flow depth #luring low flov? |ons uIvert should be
buried a minimum of 1 foot and backfilled with native n@ I. The t@ he low fl |IIs/bafers should
match the stream bed elevation in the low flow cha K\ c)@
h@i Q
A ORE
K 4 7
Qd‘ ¥
Q Q 1FT 1
e
-‘-‘-‘-‘-"""\-\.._
f e h - -:-.'I \ i \-“T\-ﬁx
“rf AT T

BAFFLE

MUMBER OF BAFFLES=1%
OM IFT CEMTERS FROM DOWNSTREAM SILL

Figure 2- Sills and Baffles used to create a low flow channel through culvert
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Evaluate Culvert Slope vs. Stream Slope

If the culvert barrel dimensions are such that the stream’s low flow width and depth can be maintained through
the culvert, then the culvert slope/stream slope should be evaluated to determine if sills and or baffles are
required to help retain the bed material in the culvert. In this case the dimensions of the sills/baffles does not
need to vary since the width and slope of the culvert will maintain the stream’s low flow width and depth. The
purpose of the sills and baffles is to hold the bed material in the culvert and help prevent head cutting. T)—b
following general guidance may be used when determining the need for sills and baffles based on cuIv
slope/stream slope (stream stability and bed material should be considered also as noted below).

e If the culvert slope/stream slope is less than 1%, then sills and baffles are generally not r @1 %ury&

culvert a minimum of 1 foot below the stream bed and allowing it to fill in on its own suff
stream is very unstable and the stream slope varies up and downstream of the cuI en the
should evaluate if sills and baffles should be used. Typically unstable streams coars&atenals
(sand and silt) may require the use of sills and baffles at slopes less than 1‘V

e If the culvert slope/stream slope is between 1% and then sills an sare &ally required to help
retain the native material in the culvert barrel. t shou ried a mi m of 1 foot below the
stream bed with sills and baffles. The sill and b ﬁ&welght sh ﬁmatch ial depth and they should
be backfilled with native material. If the st very st dif th é‘n slope is constant throughout
the length of the culvert as well as up a &ream the culve he use of sills and baffles may
not be required. Typically stable st |th coa ed mate@avel cobbles and boulders) would
be more likely to not require sills an ffles u reach bove 2%.

e |If the culvert slope/stream slope is great@n 2%, the@and baffles are required to help retain the
native material in the culvert barrel vert sh Id,‘be uried a minimum of 1 foot below the stream
bed with sills and baffles. The 5| bafer bm@s uld match the burial depth and they should be

backfilled with native materia t

Floodplain Benches

For multiple barrel c here hi o’w barrels are required with floodplain benches at the inlet and outlet,
sills should be us should b @ ed at the inlet and outlet of the high flow barrel(s) and the barrel(s)
should be bac f|II to the t with native material. The sill height at the inlet and outlet of the high flow
barrel sho above Iow normal water surface elevation. See Figures 3 for reference. Figure 3

odplain Benehes at the inlet and outlet. The low flow barrel for this detail matches the streams low
flow width an@n require sills to retain the bed material. Figure 4 below is a picture of a multiple barrel
culvert with floddplain bench.

rel i® ith one barrel that matches the low flow stream width and the other barrel with
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i " ——

HIGH EILI.-'lII

b

SILLS AT
IMLET AMD OQUTLET

BACH FILL WITH MATIVE MATERLAL TO
SNl HEIGHT

@)
K PLAN
OIS,
Figure 3-Sills in hi @arrel wi@\dplain bench

=
1"

Figure 4-Culvert with floodplain bench
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Wide single span culverts such as Aluminum Box Culverts may require floodplain benches at the inlet and outlet
to maintain the natural stream width up and downstream of the culvert. The sills for these types of structures
should be detailed to provide a low flow notch to match the stream’s low flow width. See figure 5 below for
example detail:

——gy ]

_ ILL W, ]
Q\k IGH
Figure 5-Sill wi@ on ngle span culvert with floodplain bench

Sill Spacing \ Qq
Q .

Sills/baffles in cu@ are typi aced at approximately 25’ intervals. On slopes steeper than 2%, the
spacing may bé& shottened interval length of 0.5” divided by the slope of the culvert or as deemed
10

appropria e engi " is typically the minimum spacing used. The engineer should space the sills to
hoIo@ a erialt aintain adequate flow during low flow conditions.
The engineer s @ ail the dimensions, locations and spacing of the sills/baffles on the CSR (or on a detail to

be included w&the CSR) and note which culvert barrels should be backfilled with native material.
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Native Material Specification (Use only when called for on plans)

e Native Material consists of material that is excavated from the stream bed or floodplain at the
project site during culvert construction. Only material that is excavated from the stream bed
may be used to line the low flow culvert barrel. Rip rap may be used to supplement the Native
Material in the high flow culvert barrel(s). If rip rap is used to line the high flow culvert barrel(s),
Native Material should be placed on top to fill voids and provide a flat surface for animal b
passage. Native Material is subject to approval by the engineer and may be subject to perr@

conditions.
The above note may be modified as follows if there is no high flow culvert barrel: @Q @ ¢
e Native Material consists of material that is excavated from the stream bed at hg'?mect SQ
during culvert construction. Native Material is subject to approval by the @eer an e
subject to permit conditions. &

The above note may be modified as follows if native material is only rewe;n the%@w culvert

barrel: \ Q O
e Native Material consists of material that,Q@\:atedi& strea d or floodplain at the

project site during culvert constructi \p rap mﬁ

sedtos ment the Native Material

in the high flow culvert barrel(s). | p is use e the h hflow culvert barrel(s), Native

Material should be placed on t t il voi nd provid urface for animal passage.

Native Material is subject t(;?ﬁoval e nglnee? ay be subject to permit conditions.
The appropriate note above should be pIac éhe CuI vey Report (CSR) when backfilling the
culvert with Native Material between /or baffles ommended. The engineer should detail
the dimensions, locations and spa he sHIs/ha%eS\on the CSR (or on a detail to be included with

the CSR) and note which cuIvert@ 3 sho{\ ackfilled with native material.

Native material shobig . ald for as |&ntal to the culvert construction. Additional rip rap, if
needed, will be p at'the cont@‘ke of rip rap or negotiated price if not already in the contract.

%
0
@c,,@
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CULVERT AVOIDANCE AND MINIMIZATION DESIGN GUIDANCE

When designing a culvert, the engineer should ensure that the following avoidance and
minimization design criteria have been evaluated and implemented as much as practicable.

@

Proposed culvert slope is consistent with the existing stream slope. b

Proposed low flow dimensions through the culvert are consistent with the existi n@@
flow channel dimensions in the stream. Alternating low flow sills/baffles may
required to achieve this.

Proposed low flow velocities through the culvert are consistent with th ng |O\®)
velocities in the stream.

Proposed culvert is appropriately buried such that the bed mat \VI”
throughout the culvert length. The use of alternatlng low Id be

evaluated based on culvert dope, bed mat al and str I|ty

The dimension and profile of the stig Ve an t should not be

modified by widening the str or by Ing the of the stream in the

vicinity of the culvert. Estabh t f a Io flood ench should be evaluated

at theinlet and outlet of mult

Culvert length has been mi E é@h asp

Culvert alignment avoids sharéds a thei d outlet as much as practicable to

avoid bank erosion at the in outl ream realignment and/or armoring may be

warranted to improve culgrt ignm or to mitigate potential stream bank erosion.
to p“and down stream should be minimized as

s (O S
O 2
O \Q

%

@Q


jsnead
Text Box
APPENDIX F
ITEM 3


APPENDIX F
ITEM 4

Guidance for Modeling Aluminum Box Culvert (ABC) in HEC-RAS April 2012

Since the Corrugated Metal Box Culvert shape in HEC-RAS does not match the actual area of the ABC
when the span and rise of the ABC is input into the HEC-RAS model, the following methodology should

be used to model the ABC. The span of the ABC should be reduced while maintaining the rise until the
effective area of the ABC is approximated in the HECRAS model. It should be noted that although this b
methodology is not considered to be exact, for most situations it should provide a more conservat|®
answer.

ABCs should be modeled in HEC-RAS as Corrugated Metal Box Culverts using the Culvert D Qor as @

follows: 0 \0

Select culvert Shape as Box. The Span should be reduced as necessary (by trial and&or) to pro |d a
culvert area opening that is reflective of the effective open area of the culverts{ Use the AB hart
(attached) to determine the actual area of the ABC. If the culvert is bur|ed red b means
such as sills/baffles, low flow floodplain benches etc., then determme t effectlve \Qa by
subtracting out the blockage from the actual area of ABC. The S ouId b tuaI rise of the
proposed ABC and should not be adjusted. The co d ope é})f the c e an then be

compared to the effective open area of the AB art # sh 16 1 19 depending on the

rise/span ratio noted in HDS-5 for the part| r hart T /span r uld be based on the actual
dimensions of the ABC (do not use ther, d span Jen Sc Ie uId be used based on 90
degree headwall. All other informa uld be pr|ately based on the proposed culvert.

Example: 15’-9” X 8’-0” ABC, buried 1’ be

Actual culvert area from ABC Chart = ]{@ rise/span ra =0.5079, use Chart # 19, 90 degree
headwall, use scale #1. K %

Effective open area of culver al Culy, \a — blockage.

15.75’ bottom span x 6Qiepth) QS ft* blockage.

Effective open a% 1.8 ft* - ft? = 96.05 ft?, say 96 ft’

Computed op@rea in if modeled as a 15’-9” x 8’-0’ Corrugated Metal Box Culvert buried 1’

(1’ bloc w CuIve itor) = 110.25 ft* (Note effective open area of culvert over estimated by 14
tspan | triaI and error to reach effective open area of culvert = 96 ft’

Use span é\gth = 13.72’, Computed open area in HEC-RAS = 96.04 ft?, say 96 ft’

Therefore, Model in HEC-RAS as a 13.72’ x 8’ Corrugated Metal Box Culvert buried 1’
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Steel and Aluminum
Structural Plate
Design Guidelines

Box Culvert Shell-Plate and Rib Data (H-25, HS-25)

Structure Span "A" Rise "B"
Number (Ft.-In.) (Ft.-In.)
1 8-9 2-6
2 9-2 3-3
3 9-7 4-1
4 10-0 4-10
5 10-6 5-7
6 10-11 6-4
7 11-4 7-2
8 10-2 2-8
9 10-7 3-5
10 10-11 4-3
1" 11-4 5-0
12 11-8 59
13 12-1 6-7
14 12-5 7-4
15 1-7 2-10
16 11-11 3-7
17 12-3 4-5
18 12-7 5-2
19 12-11 6-0
20 13-3 6-9
21 13-0 3-0
22 13-4 3-10
23 138-7 4-7
24 13-10 5-5
25 14-1 6-2
26 14-5 3-3
27 14-8 4-1
28 14-10 4-10
29 15-1 5-8
30 15-4 6-5
31 15-6 7-3
32 15-9 8-0
33 15-10 3-6
34 16-0 4-3
35 16-2 5-1
36 16-4 5-11
37 16-6 6-8
38 16-8 7-6
39 16-10 8-3
40 179 3-10
41 18-2 4-7
42 18-7 5-4
43 19-0 6-1
44 19-5 6-11
45 19-10 7-8
46 20-3 8-5
47 19-1 4-2
48 19-5 4-11
49 19-9 5-8
50 20-1 6-6
&l 20-6 7-3
52 20-10 8-1
53 21-2 8-10
54 20-4 4-6
55 20-7 5-3
56 20-11 6-1
57 21-3 6-10
58 21-6 7-8
59 21-10 8-5
60 22-1 9-3
61 21-7 4-11
62 21-10
63 221
64 22-3
65 22-6
66 229
67 23-0
68 229

74 -10

75 24-0

76 24-1 6-1
7 24-3 -4
78 24-4 -2
79 24-5 8-11
80 24-7 99
81 24-8 10-6
82 25-2 6-2
83 25-2 7-0
84 25-3 7-9
85 25-4 8-7
86 25-4 9-5
87 25-5 10-2

See Notes page 67
66

Area
(Sq. Ft.)

18.4
254
326
40.2
48.1
56.4
65.0
23.0
31.1
39.5
48.2
57.2
66.4
76.0
28.1
37.4
46.9
56.6
66.6
76.9

33.8
442
54.8
65.6
76.6
40.0
515
63.2
751
87.2
99.4
111.8
46.8
5915
723
85.2
98.3
1115
124.8

54.4
68.3
825
97.1
111.9
1271
142.6
63.3
78.3
93.6
109.2
125
141.2
157.6
731
89.2
105.5
1221
139.0
15,0
173.
83.8

HG\CG
Gauge)

2\2
2\2
2\2
212
2\2
212
2\2
2\2
2\2
2\2
2\2
2\2
3\3
2\2
2\2
3\3
3\3
3\3
3\3
2\2

3\3
3\3
3\3
3\3
2\2
2\2
2\2
2\2
2\2
3\3
3\3
3\3
2\2
2\2
2\2
2\2
2\2
2\2
2\2

2\2
2\2
2\2
2\2
2\2
2\2
2\2
2\2
2\2
2\2
2\2
2\2
2\2
212
2\2
2\2

3\5
3\5
3\5
3\5
3\5
3\5

APPENDIX F

ITEM 4
TABLE 49. SHELL DATA — H-25, HS-25 LOADING
PLATE AND RIB COMBINATIONS WITH ALLOWABLE HEIGHT OF COVER
D6 E6 F6
HRS/CRS Min. Max. HG\CG HRS/CRS Min. Max. HG\CG HRS/CRS Min. Max.
Inches) (Feet)® (Gauge) (Inches) (Feet)® (Gauge) (Inches) (Feet)”
STRUCTURES 1 THROUGH 20 HAVE TYPE Il HAUNCH AND TYPE IV CROWN RIBS
54/18 1.7 5.0 3\3 54/18 1.4 5.0
54/18 2.0 5.0 3\3 54/18 1.4 5.0
54/18 20 5.0 3\3 54/18 1.4 5.0
54/18 2.5 5.0 2\2 54/9 1.4 5.0
54/18 25 5.0 2\2 54/9 1.4 5.0
54/18 3.0 5.0 2\2 54/9 2.0 5.0 3\3 54/9 1.4 5.0
54/18 3.0 5.0 2\2 27/18 25 5.0 3\3 54/9 1.4 5.0,
54/18 2.5 5.0 3\3 54/18 1.7 5.0 44 54/18 1.4
54/18 3.0 5.0 3\3 54/18 2.0 5.0 3\3 27/18 1.4
54/18 3.0 5.0 3\3 54/18 2.5 5.0 3\3 54/9 1.4
54/18 3.0 5.0 3\3 54/18 25 5.0 3\3 54/9 14
54/18 3.0 5.0 3\3 54/18 2.5 5.0 3\3 54/9 1.4 i
54/18 3.0 5.0 3\3 27118 25 5.0 3\3 2719 14 8
27/18 3.0 5.0 2\2 27/9 2.0 5.0 3\3 2719 5.0
54/18 3.0 5.0 3\3 54/18 25 5.0 3\3 54/9 5.0
54/18 3.0 5.0 3\3 27118 25 5.0 3\3 54/9 5.0
54/18 3.0 5.0 44 54/18 25 5.0 N4 54/9 5.0
54/18 3.0 5.0 3\3 27118 25 5.0 44 54/9 PN 5.0
27/18 3.0 5.0 2\2 27/9 2.0 5.0 N4 ) 5.0
18/18 . . 2\2 27/9 2.5 5.0 3\3 18/9
STRUCTURES 21 THROUGH 39 HAVE TYPE Il HAUNCH AND TYPE VI CROWN RIBS"”
54/18 23 5.0 2\2 27118 1.6 5.0 3\ 8 3 0
54/18 225) 5.0 2\2 27118 1.7 5.0 44 7/18 5.0
54/18 2.7 5.0 2\2 27118 1.9 5.0 3\3 18/18 1 5.0
54/18 29 5.0 2\2 27118 2.0 5.0 3\3 18/18 5.0
27/18 23 5.0 2\2 18/18 1.7 5.0 18/1 1. 5.0
27/18 25 5.0 2\2 18/18 1.8 5.0 ' M4 18, 1.4 5.0
27118 2.8 5.0 2\2 18/18 2.0 5.0 4\5 18 1.4 5.0
27/18 2.8 5.0 2\2 18/18 2.0 Q 46 18/1 1.4 5.0
27118 3.0 5.0 18/18 21 M7 18/18 1.4 5.0
27/18 2.6 5.0 2\ 18/18 2.3 .0 5\ /18 14 5.0
27118 2.6 5.0 18/18 5.0 S\D 18/18 1.4 5.0
27/18 2.6 5.0 18/18 @ 5.0 5\ 18/18 1.4 5.0
18/18 2.4 5.0 18/18 5.0 75 18/18 1.4 5.0
18/18 225] 18/1 5.0 " \6 18/18 1.4 5.0
18/18 2.5 6\2 8 0 \7 18/18 1.4 5.0
18/18 26 ) 6\2 18 0 i 18/18 1.4 5.0
18/18 2.6 6\2 8 .0 4\5 9/18 1.4 5.0
18/18 27 6\2 S48 0 N7 9/18 5.0
18/18 8/18 2. 4\7 9/18 5.0
1 87 USE ALL TYPE VI RIBS!"”
54/18 R 27118 N, 2\2 18/18 5.0
27/18 18/18 Q 2\3 18/18 5.0
27118 18/18 6 5.0 2\5 18/18 5.0
27/18 18/ 1.8 5.0 2\6 18/18 5.0
27118 18 1.8 5.0 2\7 18/18 5.0
27/18 8 1.9 5.0 2\7 18/18 5.0
27/18 8 2.0 5.0 2\2 18/9 5.0
27/18 d 1.8 5.0 2\2 18/9 5.0
27/18 g 8 1.8 5.0 2\2 18/9 5.0
27/18 7 18/18 1.9 5.0 2\2 18/9 5.0
27/18 22 Y 18/18 1.9 5.0 2\2 18/9 5.0
271 3.0 5.0 18/18 2.0 5.0 2\2 18/9 5.0
3.2 ® 41 18/18 2.0 5.0 2\2 18/9 5.0
% 21 X 2\7 18/18 1.7 5.0 2\2 18/9 5.0
3.0 . 2\2 18/18 2.0 5.0 2\2 18/9 5.0
18 3.1 | 2\2 18/18 2.0 5.0 2\2 18/9 5.0
8 3 4.3 2\2 18/18 2.0 5.0 2\2 18/9 5.0
8 5.0 2\7 18/18 1.7 5.0 2\2 18/9 5.0
18/18 5.0 2\7 18/18 1.8 5.0 2\2 18/9 5.0
18/18 b 5.0 2\7 18/18 1.9 5.0 2\2 18/9 5.0
18/18 2.3 5.0 2\7 18/18 2.0 5.0 2\2 18/9 5.0
1 \ 22 5.0 2\7 18/18 1.8 5.0 2\2 18/9 5.0
18 2.2 5.0 2\7 18/18 1.9 5.0 2\2 18/9 5.0
23 5.0 2\7 18/18 2.0 5.0 2\2 18/9 5.0
18 2.4 5.0 2\7 18/18 2.0 5.0 2\2 18/9 5.0
/18 225] 5.0 2\7 18/18 2.0 5.0 2\2 18/9 5.0
18/18 2.6 5.0 2\7 18/18 2.0 5.0 2\2 18/9 5.0
18/18 2.6 5.0 2\7 18/18 22 5.0 2\2 18/9 5.0
18/18 24 5.0 2\7 18/18 21 5.0 2\2 18/9 5.0
18/18 25 5.0 2\7 18/18 21 5.0 2\2 18/9 5.0
18/18 2.5 5.0 2\7 18/18 22 5.0 2\2 18/9 5.0
18/18 2.6 5.0 2\7 18/18 22 5.0 2\2 18/9 5.0
18/18 2.6 5.0 2\7 18/18 22 5.0 2\2 18/9 5.0
18/18 27 4.9 2\7 18/18 23 5.0 2\2 18/9 5.0
18/18 2.7 4.8 2\7 18/18 23 5.0 2\2 18/9 5.0
18/18 27 4.6 2\7 18/18 24 5.0 2\2 18/9 5.0
18/18 2.7 4.6 2\7 18/18 24 5.0 2\2 18/9 5.0
18/18 2.8 4.4 2\7 18/18 24 5.0 2\2 18/9 5.0
18/18 2.8 4.3 2\7 18/18 24 5.0 2\2 18/9 5.0
18/18 2.9 4.2 2\7 18/18 24 5.0 2\2 18/9 5.0
18/18 29 4.1 2\7 18/18 24 5.0 2\2 18/9 5.0
18/18 3.0 4.0 2\7 18/18 25 5.0 2\2 18/9 5.0
18/18 2.7 4.3 2\2 18/9 1.4 5.0
18/18 27 4.3 2\2 18/9 1.4 5.0
18/18 2.7 4.3 2\2 18/9 1.4 5.0
18/18 27 4.2 2\2 18/9 1.4 5.0
18/18 2.7 4.2 2\2 18/9 1.4 5.0
18/18 2.8 4.2 2\2 18/9 1.4 5.0

Max. Shell
Wt./Ft.
(Lbs.)

49
57
62
67
71
85
90

5.0 66
5.0 73
0 .b 84

88
93
105
110
85

','o‘ *

09
123
125

100
114
118
122
126
121
140
137
145
157
163
169
149
159
170
176
178
197
202

135
147
163
174
186
181
214
194
203
211
218
222
225
229
211
220
229
233
236
240
243
225
234
243
247
251
254
258
240
249
258
262
265
269
272
254
263
272
276
280
283
287
272
278
287
291
294
298
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GAP CREEK

CULVERT CONSTRUCTION SEQUENCE

—RPC- STA. 9+99 -LPC-

STA. 9+ 89

PROJECT REFERENCE NO.
R-29I5A

EEEEEEEE

Y| LIC!
EEEEEEEE

1. CONSTRUCT STILLING BASIN PER NCDOT STANDARD DRAWING 1630.04 TO SIZE SPECIFIED AND AT LOCATION SHOWN.
2. CONSTRUCT IMPERVIOUS DIKES AND TEMPORARY DIVERSION CHANNEL AS SHOW
3. DIVERT CHANNEL FLOW THROUGH TEMPORARY DIVERSION CHANNEL.
4. CONSTRUCT PROPOSED CULVERT AND CHANNEL IMPROVEMENTS. xQ
5. REMOVE IMPERVIOUS DIKES AND ALLOW FLOW THROUGH RCBC. Q
6. REMOVE STILLING BASIN AND FILL TEMPORARY DIVERSION CHANNEL. o~ @°
7. COMPLETE PROPOSED ROADWAY CONSTRUCTION. 07 WO
O~ X
o | S :
------ 5 o
EST. 41 TONS Y )7 - —_— —
CLIRPRAP L. 3 /fA S S
_________ . T il
CHORAS ¥ / __——— IMPERVIOUS DIKE
TEMPORARY DIVERSION PAS LS
CHANNEL LINED W/GEOTEXTILE QC) =4
—_ — % \\\ 2 ’557.4}5,..
_ 40Q \ o
: 350 T /
; R = \l SE 8 3 :
P > 57 RCP\”/: 04 Lo 7
AN _ AN STILLING BASIN FOR
TEMPORARY DIVERSION I\ ZE Y =y SN PUMPED EFFLUENT
CHANNEI DETAIL 9IS-\viggs AN o BASE L=48', W=24’
EST. EXCAVATION=410 CY 5\ = AT H=2' DIKE, 1.5:1 SLOPES
EST GEOTEXTILE=560 SY _ WO st AN F TOTAL H=3.5'
N\ o A > REQUIRED VOL=134 CY
TeupoRARY craNE @ T\ & PROVIDED VOL=137 CY

'f%?ﬂ _

EST. 29 Tc;g iy

CLIRIP RAP /v AN
/,/ b%%iﬁg@\ ‘%_';

y/él'?ﬂ' w

IMPERVIOUS DIKE

9 INFLI - 4 XIANdddV
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PIPE DATA SHEET

Date: Sheet of
Project Number: I.D. No.: County: Designed By: Revjewed By:
GP Elev.: ft ebllmmary Data
Shoulder age Area:
Alignment: Elev.: ft esign Freq.:
Station: @ Desig .
Skew: Outlet Ground E@ DegigndTW. Elev.:
Size/Type Pipe: Inlet Ground -1 H ‘ ’ Xo isch.:
Type Entrance: Elev. ft H.W. % cg 0 Elev.:
Direction of Flow: LS, —— T. vertopping Freq.:
Hydrologic Method: Inlet So= \{ & Overtopping Disch.:
H.W. Control Elevation: Invert Elev.: ft nV.Q/. & Overtopping Elev.:
H.W. Control Feature: d
RCP=.012, CMP=.024 Lt. Side Slope=
n= Rt. Side Slope=
BARRELS TW Q Nat. |Allow. Inlet Control HW V*
SIZE | No. Of | FREQ HW.| HW. || HW/D [ HW (ft) HW ELEV. Remarks
in Pipes YR ft ft"\3/s ft ft ft/ft ft ft ft/s

Notes & Calculations

*V/, is partial flow velocity.
SUMMARY AND RECOMME

O XIdAN3ddV
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NCDOT PIPE MATERIAL SELECTION GUIDE

*SWT: ALTERNATE PIPE APPLICABLE ONLY FOR SIDE AND SLOPE DRAINS
FOR SIZES 12”7 TO 48"

*RT AND SRT: ALTERNATE
FOR SIZES 12" TO 48"

PIPE APPLICABLE ONLY FOR FILL HEIGHTS>2.0" & <20.0’

CspP CAAP
RCP (CORRUGATEDSTEEL) (CORRUGATED ALUMINUM) HDPE PVC-ASTM F949
(REINFORCED CONCRETE) AASHTO M36 AASHTO M196 ASSHTO M294 | ASSHTO M304
AASHTO  M170 2 23 x 12 CORRUGATION ** 2 23 x 2 CORRUGATION **
CLASS Il | CLASS Il | CLASS IV | CLASS V_| SIZE [*MIN. MAXIMUM SIZE |*MIN. MAXIMUM SIZE [*MIN.| MAX. || SIZE [*MIN.| MAX. | s\MINIMUM FILL HEIGHT IS MEASURED FROM TOP OF
*MIN.[ MAX. | *MIN.[ MAX. [ *MIN.| MAX. [ *MIN.| MAX. (Ga) | 16 14 12 10 8 (Ga) | 16 14 12 10 8 PIPE TO BOTTOM OF PAVEMENT STRUCTURE
; P ; ; ; ; ; ; P P , ; P ” ; ; , , , % P , P , .|| ** FOR DIFFERENT CORRUGATIONS AND ARCH PIPES
2.0 |10.0'| 2.0’ |20.0’ [ 1.0’ |30.0’[ 1.0’ |40.0'| 12 12 204' |256 12 12 123’ | 155" | 218’ | 281’ | 344 12 2.0'| 20 12 2.0'| 30 REFER TO ROADWAY DESIGN MANUAL AND
FOR FILLS >40’' & <80’ USE LRFD " " ' ' " " ' ' ' ' ' 4 ' ’ " ' ' MANUFACTURERS SPECIFICATION.
E'RECT DESIGN  METHOD = 2 162204 L 12 P8 (123 74T 22471275 ]5,, 29 20: > 2.0 30: NOTES: FILL HEIGHTS SHOWN WERE CALCULATED
WHEN FILL HEIGHTS (NOT INCLUDING THE PAVEMENT STRUCTURE 18 12 1357 | 169" | 239 18 12 81" 102’ | 144’ | 187" | 228%¢|\d8/ | 2.0" | 20 18” | 2.0" | 30 USING AASHTO LRFD BRIDGE
AND CURB) FOR RCP RUNNING PARALLEL TO AND UNDER CURB | 24" | 12~ 100’ | 126’ | 178’ 24" | 12" 60" | 76’ | 108’ | 139’ | 1Z17N[*24" | 2.0’ | 20’ | 24" | 2.0’ | 30’ | DESIGN SPECIFICATIONS
AND GUTTER, EXPRESSWAY GUTTER, SHOULDER BERM GUTTER AND
ADJACENT TO MEDIAN BARRIER ARE 1’ OR LESS, SPECIFY CLASS 30" | 12" 79’ | 100’ | 142’ 30" | 12" 60’ | 85" | 1M1’ (JB6S) 30" ((20% 17’ 30” | 2.0’ | 30’ || 1”MINIMUM COVER FOR ALL SIDE DRAIN
IV RCP. 7 - PIPE IN ACCORDANCE WITH STANDARD
. 36" | 12" 65’ | 83" | N7 | 152’ 36" | 12" 50’ 71 | 92" {13’ (34" |¢2°0" | 17" || 36" | 2.0’ | 30’ | SPECIFICATIONS
FILL TABLE WHEN THE FILL HEIGHTS (NOT INCLUDING THE PAVEMENT P P ; ; ; ; ; " ” ; > ; ), ; ;
STRUCTURE) FOR RCP RUNI(\IING UNDERACROSS THE ROADWAY 42 12 55" |70 100’ | 130’ | 160 42 12 60 78" | 96 42 2.0 17 ALL PIPE TYPES ARE SUBJECT TO THE MAXIMUM
ARE 1 OR LESS, SPECIFY CLASS V RCP. P w ; , , , , P P ; , [ P ; , AND MINIMUM FILL HEIGHT REQUIREMENTS AS
48" | 12 48 | 61" | 87" | 113 [ 139" || 48" | 12 SZ/|v68" | 84N 48" | 2.0°| 17 FOUND IN CHAPTER 5 OF THE ROADWAY DESIGN
SPECIFY A SINGLE CLASS OF RCP BETWEEN DRAINAGE " " ) ; ) ) P B ) , ) ” , , MANUAL. THE APPROPRIATE CLASS OF PIPE FOR RCP
STRUCTURES. 54" | 12 54 77' 11007 | 123" | 54" | 12 46" | 50" p 78 54" 120|177 AND GAGE THICKNESS FOR CSP/CAAP SHOULD
60" [ 12" 69’ 90’ | 1NN’ 60" | 12" 50'%]N62’ 60" | 2.0'| 17/ BE SELECTED BASED ON FILL HEIGHT.
SPECIFY A SINGLE CLASS OF RCP IN A SINGLE RUN OF PIPE — ~ - - — - - RCP IS NOT ALLOWED FOR GRADES >10%.
THAT TERMINATES WITH AN OUTLET OR A DRAINAGE STRUCTURE 66 12 81 100 66 12 51
ON EACH END. - - ] ; - - ; FOR COUNTIES LISTED IN ARTICLE 310-2 OF THE
72" | 12 74" | 9N 72" | N2 41 STANDARD SPECIFICATIONS CSP IS NOT ALLOWED.
78" | 12" 81’ IN OTHER COUNTIES CSP REQUIRES AN
ACCEPTABLE COATING IN ACCORDANCE
84" | 12" 69’ WITH 1032-4.
N\ U SITE SPECIFIC CONDITIONS MAY LIMIT A
ﬂ \ PARTICULAR MATERIAL BEYOND WHAT IS IDENTIFIED
SWT CAN BE USED USE ONLY IF PIPE SLOPE IS c) NLY II@ SLOPE IS DO NOT USE DO NOT USE IN THE TABLE. THESE CONDITIONS INCLUDE, BUT
OPEN END GREATER THAN 10% GREAT| AN 10% ARE NOT LIMITED TO, ABRASION, ENVIRONMENTAL,
CROSS PIPES ~ S 5 S% SOIL RESISTIVITY AND PH, HIGH GROUND WATER,
AND SPECIAL LOADING CONDITIONS.
THE HYDRAULIC DESIGN ENGINEER WILL DETERMINE
ONLY PIPE WITH SMOOTH WALL INSIDE WALLS
= WILL BE ALLOWED FOR STORM DRAIN SYSTEMS.
<
SWT CAN BE USED USE ONLY AT SYSTEM INLETS & SYST @NLY AT SYSTEM INLETS & SYSTEM R0 _ QR 25 o -TERNATE PIPE WHEN FILL HEIGHT
STORM DRAIN OUTLET IF PIPE SLOPE IS GREATER THAN 10%, | OUTLET IF PIPE SLOPE IS GREATER THAN 10% DO NOT USE | DO NOT USE
‘ ’4 < 9
SYSTEMS DEFINITIONS:
RT & CAN BE USED USE ONLY AT SYSTEM INLETS &)\SYSTEM USE ONLY AT SYSTEM INLETS & SYSTEM STATEWIDE TIER (SWT)-THE STRATEGIC
SRT OUTLET IF PIPE SLOPE IS GREARERZIHAN AQ%./| OUTLET IF PIPE SLOPE IS GREATER THAN 10% | CAN BE USED | CAN BE USED HIGHWAY CORRIDOR NETWORK AS
APPROVED BY THE BOARD OF
< TRANSPORTATION.
}}" N USE ONLY IF PIPE SLOPE IS REGIONAL TIER (RT)- US AND NC ROUTES
SWT CAN BE USED USE ONLY IEPI SLOPEQ NOT ON THE STATEWIDE TIER.
GREATER THAN 1009 GREATER THAN 10% DO NOT USE | DO NOT USE
TRANSVERSE SUBREGIONAL TIER (SRT)- SR ROUTES
MEDIAN - PIPES SIDE DRAINS— STORM DRAIN PIPES RUNNING
RT & PARALLEL TO THE ROADWAY TO INCLUDE
SRT CAN BE USED CAN BE“WSED CAN BE USED CAN BE USED | CAN BE USED PIPES IN THE MEDIANS, OUTSIDE DITCHES,
DRIVEWAYS, AND UNDER SHOULDER BERM
GUTTER ALONG OUTSIDE SHOULDERS
S\ q GREATER THAN 4 FEET WIDE. MAY OR
MAY NOT BE OPEN ENDED.
SWT DO NOT USE @I USED CAN BE USED CAN BE USED CAN BE USED
\ STORM DRAIN SYSTEMS- LATERAL DRAIN PIPE
UNDER CURB AND GUTTER, EXPRESSWAY GUTTER,
SLOPE DRAINS AND SHOULDER BERM GUTTER (WITH SHOULDERS
RT & CAN BE USED STRUCTURES. AND 16 NOT OFEN ENDED, ALSO -
SRT DO NOT USE CAN  BE USED CAN BE USED | CAN BE USED INCLUDES CROSS DRAIN CONNECTING TWO OR
MORE SYSTEMS OR SYSTEM OUTLETS.
TRANSVERSE MEDIAN DRAINS- SHALLOW CROSS
SWT CAN BE USED CAN BE USED CAN BE USED CAN BE USED CAN BE USED DRAIN PIPE THAT COLLECTS DRAINAGE IN A
MEDIAN DITCH OR CURB SECTION  AND
DEPOSITS IT OUTSIDE DITCHES OR NATURAL
SIDE DRAINS DRAINAGE CHANNELS. MAY OR MAY NOT BE
RSTRT& CAN BE USED CAN BE USED CAN BE USED CAN BE USED | CAN BE USED OPEN ENDED.

092115

T IN31l - H XIAN3IddV
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STRUCTTRAL PLATE STEEL PIPE LRCHES
6"x2" Corrugation
18" Corner Radius

APPENDIX H
ITEM 2
PAGE 1 OF 5

Span Rise Area Minimum Mirimum Maximum Fill Height (£t
Cover Came Tor Corner Pressure
100 1b/7tT 6500
6'-1" yro 22 2! 12 16
61-1}" LE‘_?N 2]_! 21 12 15 @
6'=q" yroqqm ag o1 1_.?; li! c:) 2l o
7" 5r-1" 2 2! 12 14 21
713" 5.3 | 31 2! 12 . O \3
7'-11' A ! ¢ : P
gt | 5gn B 2 2 ¥ &t
gr- 51-11" 40 2' iz O 11 17
8r-10" gr-1n 43 2 12 5\' 11 16
gi-yt 6'-3" 46 2" N 12 Q‘ K 16
gr-a" g'-ﬁ" e 2! 12 @ @ 1
9'-g" 7" 52 2! @' P 15
10'—3" 6|_9Ir 55 04 A g& @ 9 14
10'-8" 61__11" 58 \ 0 q 13
10'-11" 71 51 Q <>10 < 9 . i3
ll'—ﬁ" ?1_311 6“ Q 1 C) 10 | Q-f 13
117" 715" 67 3t \ 1 ® A 12
-1t | 77 71 3' 0 ! 8 12
120-4n 7'-9" 7 @ N\ 4 12
121-3" gr-1" 51 s\ ' 7 7
12r_1oll 8!_1]!1 85 31 q ? ll
135" | g5 80 3 A4 3 7 1
13!_11" 8!_7n 93« 1 Q T 10
14 8|_911 e I 2 7 10
-3t | g @ \\} 3 6 10
14r-10" gr-1" 05 O ' E g 10
151-4n or-3m N 9 Iy 3 { 9
156" 9"~ 113 yr 3 € 9
15'-3" : 118 b 3 5 9
15'-10" | _9'-Yo" ) b 3 6 9
HeA A EE R EEE
TE_TN 1_n i by A
16'-7" (N0 15&\ 31

Q&

O
&q

N4

O
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STRUCTURAL, PLATE STEEL PIFE ARCHES
6"x2" Corrugation
21" Cormer Radius

APPENDIX H
ITEM 2

PAGE 2 OF 5

O

x<

Q

3Span Rise Area Minimum Minimum Maxdmm @B’ight %

Cover G for Co essure

' S unm%; 6000 16/c3

| 3

131-3" y 8 12 ;5‘
13'-¢" ur 8 O 12 &q
141" Lt 8 12 8
141_on I 8 12& 18
llp_sr! & 8 \ 17
igiiﬁ A 3 @ 1 %E
157" 0 10 16
15'-10" 0 10 16
163" 8 <\ 10 15
161-En \ § @‘ 10 15
170" 086 10 15
17'-2" C) Q 14
175" \} 9 ., 14
171-11" ; 9 To1d
131" 8 9 14
131-7" 3 9 13
181_9!1 8 9 13
197-3" 3 8 13
19'-6" 8 8 13
19'.3" 8 3 12
19!_11" 8 8 12
20'-5" 8 g 11
20'-"" 3 8 1

SCI

@0
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APPENDIX H
ITEM 2
PAGE 3 OF 5

STRUCTVRAL PLATE ALUMNUM PITE ARCH @Q O
O~ O
C

9"x2 1/2" Corrugations
28.8 Corner Radius

Span ‘Rise | Area Minimum Minimum ME%MI Het )
Cover Thickness for o ergme
00 1b/ft b/fte

5'-11" 5=l 25 2! 0.100" \ !
ZH = B BN\
7r-bn -11" ! 2 0.10 26*
|2 | i i
2 | E | R & el | B
L n T_ 1 * {] |
I B B AN - O S A

-0 -1 56 C) ) @) 0.125Q; 1 19
%21-3“ ;1-2“ 50 3 0.1 15 18
11! :8" 7 ':10" ?3 b g' 6)\ . " %g :1%
122" g'—o" 76 @ No T50" 13 19
121=10" 3" 83 \! 0] 150" 12 + 18
13-t | BT 91 s\ ' 0.150" 1 17
143" gr-10" 98 4 0.150" 11 16
141" 9-2" 107 RN 10 16
AN O NI
S W OF oY 2 I

-1" Y 2 0.150" 0 12

*c.m\Qmm less Required

® 0
’Zﬁ \\}’b -
N S

80 ¢
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Size |Area |Minimum
Cover
0.225 0.25
Cir. Cir. El.} Cir. E1
72 28 1' 24 61 36 66
84 38 1.5! 20 52 29 57
96 50 1.5 18 us 25 50
108 | 64 2! 4o 22  uu
120 | 78 2! 36 21 4o
132 | 95 21 33 20 3R
144 | 113 | 2.5 Q 30 19 33
156 | 133 | 2.5 4 O 28 | 19 30
HEIEPS SRR
1 177 5 A\ 2 1 2
N4

S 40O ¥ 39Vvd

Z WALl
H XION3ddV
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CORRUGATED ALUMDNUM PIPE

3I"x1" Corrugation
Maxirum Height of Cover Limits in Feet

APPENDIX H
ITEM 2

PAGE 5 OF 5

Size Area Minimum Thickness in Inches
Cover 075 105 138
. Cir.. ‘Ei. | Cir. El. | Cir. E1
36 7.1 1 2l 37 27 . 51 30 ﬁl
up 9.6 1 23 Ly 25 1
48 12.6 1 45
54 15.9 1 42
60 19.6 1 4
66 2%.8 1 3?
72 28.3 1 3
8 | 33 1 (741
g8l | 3B 1. 180 25
90 Ly 1. Q 20
96 50 1.
102 | 57
108 | 64
114 1
2c| 78
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Title 210 — Engineering Field Handbook PAGE 1 OF 8

D. Minimum and Maximum Fill Over Pipes

The following tables provide acceptable minimum and maximum earthfill heights over the pipe for
several different types of pipe materials.

Table 1. Minimum Gauge for Corrugated Metal Pipe (CMP) (Reference 1)
«
Acceptable Fill Height, ft Minimum Gauge CMP
Dlameter, o ) Steel (corrugations) Aluminum (corrugatiogs) N
n. Minimum Maximum
22/3x%in. 3x1lin. 22/3x%in. 3 )
<18 2 25 16 16 16 0% @ ¢
y
21 2 25 16 16 16 = 16 WU
2 23 16 16 16 16
. e
>23 25 16 16 & (iby,
2 18 16 16 I KK
30
>18 25 16 16 K T 16
2 15 16 16 NY 14 A; T 16
M \J 16

36
>15 25 16 ‘(0 12
e A T G

b
42 >22 23 X\} 16 .\\)10 16

) N 10 16
48 >20 21 E;Z,‘ 16 \% 16 16

>21 23 1 N 16 14
>23 fst ‘o‘ 12’ 16 14

2 &/ fw 16 12 16

>17 N8 ‘\) 14 16 10 16

54 >18 n\ 20 14 16 14
S20N" ’Qﬂ N 12 16 14
AT M N :

(\ 2 W\ 12 16 10 16

K >15 19 10 16 --- 14

>19 22 10 16 --- 12

>22 25 16 12

(210-650-H, Amend. IL66, August 2013)
IL17.D-1
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Title 210 — Engineering Field Handbook

Table 1. Minimum Gauge for Corrugated Metal Pipe (CMP)

APPENDIX H

ITEM 3
PAGE 2 OF 8

(Reference 1)

Acceptable Fill Height, ft Minimum Gauge CMP
Diameter ) . .
a_ eter, o ) Steel (corrugations) Aluminum (corrugations)
n. Minimum Maximum . - : :
22/3x%in. 3x1lin. 22/3x%in. 3x1in.
2 13 10 16 16
>13 17 10 16 14 6
72 >17 20 10 16 12 N
>20 24 16
>24 25 14 & @ .
. - L N op
N N
78 >16 22 16 ()7 2 )Q
>22 25 14 % 0
S
(Reference\' Q

Table 2. Minimum Thickness for Welded Steel Pipe
«

Pipe Acceptable Fill Height, ft ‘( inimum@Nall
Diameter, in N K Q Thi& s, in
Minimum Maxim
D I
<10 2 C: 0.187
12 2 1 \'2,5 0.
14, 16 2 EO % L\
2 25
, TS
>23 @? 0.375
2 18 0.25
20 @\ ﬁ hl
2 0.25
o A2
> 2 0.375
N m Q 8 0.25
30 N8 o 18 0.375
O >18 N\ 25 05
ﬂ\v AN\t 6 0.25
36* 12 0.375
12 23 05
2 5 0.25
42 " 5 9 0.375
K >9 16 0.5
2 4 0.25
48 >4 7 0.375
>7 12 0.5

(210-650-H, Amend

. IL66, August 2013)

IL17.D-2
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APPENDIX H

Title 210 — Engineering Field Handbook ITEM 3
PAGE 3 OF 8
Table 3. Minimum Acceptable PVC Pipe (Reference 1)
. . .. 1
Nominal Pipe Acceptable Fill Height, ft Minimum Acceptable PVC Type
Diameter, in Minimum Maximum Schedule Standard Dimension Ratio (SDR)

2 10 40 26

. >10 16 40 21 ‘j
>16 21 40 ,Q,Z

>21 25 80 Q @ .
y

2 10 40 26 * )
>10 12 40 u
6 ‘ﬁ el
ST 25 m mﬁ &

2 10 40 V
8 >10 16 \go '

>16 25 REo2: & ‘ N

P

2 8 N> w0 o,

10 >8 16 . QN go\J)" \ 21
>16 NI, .
2 > C ’\'40 . > 26
>7 %o 80 4 NV 26

12 -14 %‘

>10 16 " 21
16 </ =
> 2(‘ \ ‘?O
2 A{7 (“ 40 26

R 3
N
16 N
>10 \ 16 O 80 21
e %

‘A
>10 X\ 16 80 21

20 80
§ 6 40 26
2

6 10 80 26

0 ? &
K ) s10 16 80 21
>16 20 80

(210-650-H, Amend. IL66, August 2013)
IL17.D-3
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Title 210 — Engineering Field Handbook PAGE 4 OF 8
Table 3. Minimum Acceptable PVC Pipe (Reference 1)
. . .. 1
Nominal Pipe Acceptable Fill Height, ft Minimum Acceptable PVC Type
Diameter, in Minimum Maximum Schedule Standard Dimension Ratio (SDR)
2 <3 26
3 6 40 26
24 >6 10 80 26 PR »
>10 16 80 21 R\
>16 19 80 ,Q @ N
2 10 --- 26 4
GO
>10 16 2o %\
o N\

! Polyvinyl Chloride Pipe, PVC 1120 or PVC 1220, conforming to ASTM D-1785 or ASTM D

Table 4. Corrugated Plastic Tubing® (CPT)

Trench Max Eill Maximum Diameter i
Width, in Height, ft Tile Machine \%

12 any N\

16 8.4

20 6.8

24 6.0

28 5.6

32 5.3

*Single wall corrugated polyethylene ( { onformwg%ASTM F405 or F667

References:
1. USDA-NRCS, N@ﬂgin i andbook, Part 636, Chapter 52, Structural Design of
Flexible Copd

2.  AmericagrSociety of u u‘Yal and Biological Engineers. 2008. Standard ASAE EP480.
DeS| bsurfa ins in Humid Areas.

S@gler MﬂxL Handy. 1982. Soil Engineering. 4™ Edition.

N

(210-650-H, Amend. IL66, August 2013)
IL17.D-4
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D. Minimum and Maximum Fill Over Pipes

The following tables provide acceptable minimum and maximum earthfill heights over the pipe for
several different types of pipe materials.

Table 1. Minimum Gauge for Corrugated Metal Pipe (CMP) (Reference 1)
«
Acceptable Fill Height, ft Minimum Gauge CMP
Dlameter, o ) Steel (corrugations) Aluminum (corrugatiogs) N
n. Minimum Maximum
22/3x%in. 3x1lin. 22/3x%in. 3 )
<18 2 25 16 16 16 0% @ ¢
y
21 2 25 16 16 16 = 16 WU
2 23 16 16 16 16
. e
>23 25 16 16 & (iby,
2 18 16 16 I KK
30
>18 25 16 16 K T 16
2 15 16 16 NY 14 A; T 16
M \J 16

36
>15 25 16 ‘(0 12
e A T G

b
- >22 23 X\} 16 .\\)10 16

/ NJls 10 16
48 >20 21 E;Z,‘ 16 \% 16 16

>21 23 1 N 16 14
>23 fst ‘o‘ 12’ 16 14

2 &/ fw 16 12 16

>17 N8 O 16 10 16

54 >18 n\ 20 14 16 14
S20N" ’Qﬂ N 12 16 14
AT M N :

(\ 2 W\ 12 16 10 16

K >15 19 10 16 --- 14

>19 22 10 16 --- 12

>22 25 16 12

(210-650-H, Amend. IL66, August 2013)
IL17.D-1


jsnead
Text Box
APPENDIX H 
ITEM 3
PAGE 5 OF 8


Title 210 — Engineering Field Handbook

Table 1. Minimum Gauge for Corrugated Metal Pipe (CMP)

APPENDIX H

ITEM 3
PAGE 6 OF 8

(Reference 1)

Acceptable Fill Height, ft Minimum Gauge CMP
Diameter ) . .
a_ eter, o ) Steel (corrugations) Aluminum (corrugations)
n. Minimum Maximum . - : :
22/3x%in. 3x1lin. 22/3x%in. 3x1in.
2 13 10 16 16
>13 17 10 16 14 6
72 >17 20 10 16 12 N
>20 24 16
>24 25 14 & @ .
. - L N op
N N
78 >16 22 16 ()7 2 )Q
>22 25 14 % 0
S
(Reference\' Q

Table 2. Minimum Thickness for Welded Steel Pipe
«

Pipe Acceptable Fill Height, ft ‘( inimum@Nall
Diameter, in N K Q Thi& s, in
Minimum Maxim
D I
<10 2 C: 0.187
12 2 1 \'2,5 0.
14, 16 2 EO % L\
2 25
, TS
>23 @? 0.375
2 18 0.25
20 @\ ﬁ hl
2 0.25
o A2
> 2 0.375
N m Q 8 0.25
30 N8 o 18 0.375
O >18 N\ 25 05
ﬂ\v AN\t 6 0.25
36* 12 0.375
12 23 05
2 5 0.25
42 " 5 9 0.375
K >9 16 0.5
2 4 0.25
48 >4 7 0.375
>7 12 0.5

(210-650-H, Amend

. IL66, August 2013)

IL17.D-2
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Table 3. Minimum Acceptable PVC Pipe (Reference 1)
. . .. 1
Nominal Pipe Acceptable Fill Height, ft Minimum Acceptable PVC Type
Diameter, in Minimum Maximum Schedule Standard Dimension Ratio (SDR)
2 <3 26
3 6 40 26
24 >6 10 80 26 PR
>10 16 80 21 R\
>16 19 80 ,Q @ N
2 10 26 b
GO
>10 16 2o %\
o N\

! Polyvinyl Chloride Pipe, PVC 1120 or PVC 1220, conforming to ASTM D-1785 or ASTM D

Table 4. Corrugated Plastic Tubing® (CPT)

Trench Max Eill Maximum Diameter i
Width, in Height, ft Tile Machine \%

12 any N\

16 8.4

20 6.8

24 6.0

28 5.6

32 5.3

*Single wall corrugated polyethylene ( { onformwg%ASTM F405 or F667

References:
1. USDA-NRCS, N@ﬂgin i andbook, Part 636, Chapter 52, Structural Design of
Flexible Copd

2.  AmericagrSociety of u u‘Yal and Biological Engineers. 2008. Standard ASAE EP480.
DeS| bsurfa ins in Humid Areas.

S@gler MﬂxL Handy. 1982. Soil Engineering. 4™ Edition.

N

(210-650-H, Amend. IL66, August 2013)
IL17.D-4
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Table 3. Minimum Acceptable PVC Pipe (Reference 1)
. . .. 1
Nominal Pipe Acceptable Fill Height, ft Minimum Acceptable PVC Type
Diameter, in Minimum Maximum Schedule Standard Dimension Ratio (SDR)
2 <3 26
3 6 40 26
24 >6 10 80 26 PR
>10 16 80 21 R\
>16 19 80 ,Q @ N
2 10 --- 26 4
GO
>10 16 2o %\
o N\

! Polyvinyl Chloride Pipe, PVC 1120 or PVC 1220, conforming to ASTM D-1785 or ASTM D

Table 4. Corrugated Plastic Tubing® (CPT)

Trench Max Eill Maximum Diameter i
Width, in Height, ft Tile Machine \%

12 any N\

16 8.4

20 6.8

24 6.0

28 5.6

32 5.3

*Single wall corrugated polyethylene ( { onformwg%ASTM F405 or F667

References:
1. USDA-NRCS, N@ﬂgin i andbook, Part 636, Chapter 52, Structural Design of
Flexible Copd

2.  AmericagrSociety of u u‘Yal and Biological Engineers. 2008. Standard ASAE EP480.
DeS| bsurfa ins in Humid Areas.

S@gler MﬂxL Handy. 1982. Soil Engineering. 4™ Edition.

N

(210-650-H, Amend. IL66, August 2013)
IL17.D-4
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PIPE BURY DEPTHS

18-Mar-04

APPENDIX H

ITEM 4

NON-CAMA COUNTIES

Jurisdictional Streams

Non-Jurisdictional Streams b

NN

Pipe Dia. Bury Depth Pipe Dia. Bu th
18" 3.6" (20%) =0.3' 18" @ eq’ Q
24" 4.8" (20%) =0.4' 24" Not
30" 6.0" (20%) =0.5' 30" l&q
36" 7.2" (20%) =0.6' (b' m
42" 8.4" (20%) =0.7" Q eq'd
48" 9.6" (20%) =0.8' Q ot Req'd
54" 12.0" =1.0’ 54" Not Req'd
60" 12.0" Q K 12.0"
66" 12.0" @’ @ % 12.0"
72" 12.0" A 12.0"

\J

Jurisdictional Strea E C)

Pipe Dia. * Bury Dep s\
K@ * (}
36" Q&% C}
éo \(%?
R

che

smallest p aI pipe to use.

Qon Jurisdictional Streams

Pipe Dia.

18"
24"
30"
36"
42"
48"
54"
60"
66"
72"

%m bury depth is 12", a 36" diameter pipe is considered the

Bury Depth

Not Req'd
Not Req'd
Not Req'd
Not Req'd
Not Req'd
Not Req'd
Not Req'd
12.0"

12.0"

12.0"
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PIPE BURY DEPTHS

MINIMUM EQUIVALENT PIPE DIA (in.)
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INLET COMPUTATION SHEET

DATE: SHEET OF
I.D. NO. PROJ. NO.: COUNTY: &
DESCRIPTION: REACH: D E
LOCATION ROADWAY RUNOFF
¥
Z L > L Wl—
= o = 8 |88 lzg|55|cg| 33 | & g o
5| 5| S |2 |89|2%|28|L5] gk |2 ¥ 5| €
Al < ) = = @) w >
z o u o |[oa|zg<|Z2o|FO s?{'i 4 "§ = o
- L a) - &) =
DES./ CONST. D.A c cr@ | ;“QD _ )QTfSD'A' Q Qs
C

7
)

o

This form can be downloaded from the Hydraulics Unit website.

L INTLI
| XIAN3IddV
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STORM DRAIN DESIGN COMPUTATIONS

DATE: [ SEE ALSO HYDRAULIC GRADE LINE SHEETS ]
1.D. NO. PROJ. NO. COUNTY:
DESCRIPTION: :
LOCATION RUNOFF )?@
TIME OF ”ﬂ m K
FROM | TO CONCENTRATION - 5 O
min. ul —'\
4
PR K-S )
L
w w s
CUM = = = '* K{\ -g) 2 B
DES./ | DES./ | "\ | sum [PIPEL| = F - IN %gs H. @ i (SEOPE[ DIA. [ caAp. | VEL. || oy o
CONST.[consT.[ =+ | cA | (7 E % 0 |1 (N, Q (cfs) b' f/ft in || ofs fis |52
(%9} o
Z T L E |:J @. = 583
_ !
|!£2' N
N
\%‘I
Cy
o
%) =
K This form can be downloaded from the Hydraulics Unit website. =
N

| XIAN3IddV
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c.fs.

Q — QUANTITY OF FLOW -

~ 1000 3 APPENDIX | - ITEM 3
— 900 000!
—~ 800 .
~ &00
£ %00
E— 400 "
F
;-— 300
3 E 38 100
- - 84
— 200 [~
3 £ a C)®
- . 72
~ 150 ~ &6 o0
L - 60
i S 54 QK
[ 0o E[3
C lOO cl 48
. 9g E[ 23 400
— 80 |} g2
- 70 @ ~ 39 580
. E 36 600
s LIJ - 33/
8
EE: so E - 30 %
= - !
- 40 O %7 >z
3 o
e LJ -
== 30 Q.L 2y
: a.
3 w
E , 2009
:/ - ©
: o i8
— 20
t N 3000 ¥
. " LQO 4000 -
e J !
: A sceo
- 6000 5
— Source: 1991 AASHTO
AN Model Drainage Manual 8000
F e \v 10,000
._ 6 EXAMPLE:
r GIVEN: Q=2lcfs, L=450' p=27" [ '
s SOLUTION: Proceed from the
left, read Q32! cfs and D= 27"
. Record S¢=.005 and V=53 fps.
Read V=53 fps and L=450'
Recard At. = 1.4 min.
3 30

CONCRETE PIPE FLOW NOMOGRAPH

rm]"“'rﬂT[Wﬂ'lTTTTrmTTT_!‘i—Ij—l‘r-r_l—‘rrrrl'
wn o W n p -,

Ow e gy o

1S
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CONCRETE PIPE FLOW NOMOGRAPH
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Model Drainage Manual
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r— 120
- 114
— 108
— 102
— 96
— 90
? 84

L-\78

— 72 \/O*

— 54

— 48

D = DIAMETER (inches)

— 27

66 v

Q = DISCHARGE (c.fs) -

5000

NOMOGRAPH H

APPENDIX | ITEM 4

0.0

]
Z 100 050
:\\ ] d
5 T ~-"%0, os0
(o] T -
> 40 0.70
30 080
- 090
2o 100
1.0—
DHT
VELOCITY
IN
PIPE CONDUITS
BASED ON
Q-vaA

6/90
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HYDRAULIC PROPERTIES - CIRCULAR PIPES

Pipe PiAe H drF;uIic Value of K = Value of K =
Diam. Arza F{a i 1.486/n x AxR 2% | 1.486/n x Ax R 2°
(Inch) (sq. ft) (feet) (n =0.012) (n= o.oge:

8 0.349 0.167 13.1 6‘§¥!
10 0.545 0.208 23.7

12 0.785 0.250 38.6 3
15 1.227 0.313 70.0 C 350 (4
18 1.767 0.375 113.8 v~ 568N\
21 2.405 0.438 171.7 (@. 8
24 3.142 0.500 245.1 ' 1op5
27 3.976 0.563 335.5 Q‘ \\167.8
30 4.909 0.625 444.4 ° 222.2
33 5.940 0.688 N 57290\ 0& 286.5
36 7.069 0.750 @‘ @‘ — 361.3
42 9.621 0.875 *° L1800 ) 545.0
48 12.566 1.000NN\NY - 56 o \.) 778.1
54 15.904 1.125 4% (9 2130 \" 1065
60 19.635 - 1411
66 23.758 %‘5 N 1819
72 28.274 1.500 @ “W588 2294
78 33.183 1.625% 5680 2840
84 38.485 1. . “ 6921 3460
90 44.179 .8 NG 8319 4159
96 50.265 000 & A \J ? 9881 4940

102 56.745 2.125\N\" 11615 5807

108 63.617 2.@1 13527 6763

114 70. 2.3 15625 7812

120 78.5 %500 17915 8958

126 86590 | \M2.625 20404 10202

132 4.95.033 W\~ 2.750 23099 11550

138 Ios.&@ 2.875 26006 13003

3.000 29132 14566

g
@
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6

STORM DRAIN

MAXIMUM CAPACITY

PIPE

TABLE

(1) PIPE SIZE

() MAXIMUM CAPACITY

127 6
15” 9 (‘j{
18” E 13 ,Q\ OK
€
2 \A \\& r@
—D - -

QN | 9

}48”\ R Y m

QD 3¢ o 160

AY ﬁw
Q7 QY 250

SR
N 1

D
(5\.

() CONCRETE PIPE

2) CAPACITY (cfs) BASED ON
FOR MAXIMUM DEPTH IN STANDARD CATCH BASIN

INLET CONTROL

6/90

D

x\o
@0
.G
>
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% gn
HYDRAULIC GRADE LINE
DATE: SH@ + OF
ID NO. PROJECT: COUNTY: DE D BY: 0
DESCRIPTION: ED %
C

JUNCT. NO. W.S. Do Qo Lo HEAD LOSSES K W.S. REMARKS

ELEV. EL
DES. / CONST. Hs Hc He Hy H,

o —
INLET OR OUTLET ET@”\A

SFCF

=S

Na

This form can be downloaded from the Hydraulics Unit website.

)

Y,
o I

L N3l
| XIAN3IddV
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Reinforced Concrete Pipes (RCP)

ey O

Wall "B" Thickness
Diameter (inches) Thickness (in
12 2.00

24 ’\ JQ
396(\ 0\}5

0
00

£

" Afb»\ 522‘;’&@(\

0@

N
)

3
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"V DITCH WITH GRASS

o:l SIDE SLOPES

APPENDIX J
SHEET IOF 4

For artch with sige slopes orher rhoarn 6/
multiply the discharge by a foctor 6/7,
where Z /s s/ide s/ope

STABILITY LIMIT x<
LateralDitch Q .
Roadway Ditch — OQ) ) 0@
&y Sl & 3@ XN
14 a 3 L O o IC'{ o ;’ . C)_
EXAMPLE : - | AN
0 = 4 cfs u I_ 4
S= 0.06 ft/ft [ \ N
Lat. ditch,Z=3 [ M
|2 | " Adjust Q: i
(4)6/3=8 cfs 3
2) From chart: N =
Y z4.4fps n /
d =0.55Ff+ - \_' 4
3) Ditch is stable > I [
(1))
- 10 u
I s :
o [ /
O
C D
S 8 /
= SN i i
& . /]
) . ) / ¥
o) |
6 :
3 ] !
|| ¥
W ' / |
4 t - |
N 5 |
/ [/
i
2 [ [ AX'
| 2 3 4 5 T

Velocity, fps

CHART |

REV. 2014



Discharge, cfs

APPENDIX J
SHEET 2 OF 4

2 FT.BASE DITCH WITH GRASS
2:1 SIDE SLOPES

base width (f1)| Multiply Q by:

3 0.7
4 0.6
5 0.5 Q}
6 0.4 Q@
STABILITY LIMIT — Q)Q <
63l S 0 © O7 WO
£ & 2 e o 2 0O X
8 Q0w @) O (@) (@) 0
[ S O
I - ‘En‘*
| - LN
| |
16 o
3 y
14 >
/ J
y f
1 [/~ p4
|2 Q > l I
<'7 /
q \ o 4
Uu ’
10 N T y. f
¢\b‘l M | 4 - EXAMPLES
] R . Q = 26 cfs
3 SRS / 1 S = 0.04 ft/ft
/ 7 4’ base
8 \ / / ) Adjust Q:
/ } (26)0.6=15.6 cfs
I 2) From chart:
" A V = 4.6 fps
e AL d= 0.9 ff.
w 3)Ditch is not stable
6 4
2 3 4 5 6 7 8

Velocity, fps

CHART 2 REV. 2014
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VO DITCH WITH RIP RAP
2:1 SIDE SLOPES

For dritch with s/ge slopes orhHer
rhan 24, multiply 7hHhe daischarge by a
Ffactor 277 where Z /s 1Hhe s/de s/opé. 6

STABILITY LimT %D

With ‘A’ Stone | ‘B’ Stone gff Pipe 00
c o
88 4%q S S Vo G
&aan £ O o o 9’
14 u T m
EXAMPLE: ul @!
g=l cf / I
= 0.I0 f+/f+t NEY |
Z= 3:l . , / i
A0 s ERE - i
12 2) From cﬁorfr:: S 3 N
é/_= gBGf 1§ N CaZ
3 Di-rc;h is stable b /
with ‘B'Stone [ /
10 T
()] Py ) =
o Ny LN y
q; O?QK k {‘b J f
8 »
5 7
C
3]
0
’5 A\ Ji Y
anr /
6
- /i
| 4 < A
o°
LA
~ 4
4
%)
2 Z 7 v
2 3 4 5 6 7 8

Velocity, fps

CHART 3 REV. 2014
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2 FT.BASE DITCH WITH e
RIPRAP LINING 2: SIDE SLOPES

base width (ft)| Multiply Q by:
3 0.7
4 0.6
5 0.5 6
6 0.4 5@
STABILITY LI
cLw <O
c ¢+ With ‘B’ S'I'one+Rip Ra Pi
52 3 2 |¢ AE
34 EXAMPLE: f 'v' l
Q = 30cfs ; 4 —
S = 00 ft/ft N N
3’ base | I 4~© .
) Adjust O: E / |
(30)0.7= 2icfse . i
30 2)From charts 8 I
vV = 1.5fp Q >
d = 0.8f K) u {
3) Ditch is f& | ¢ | |
with ?* ._2‘ =

Rip Ra

Discharge, cfs

26 P ]
A
§ [
3 I’ ’ | |
] |
* @% / ’
__‘:_\i-:) 4 " l - _-_./ ——— —
‘:é},;o‘\' §s <

%
<
~<

s

1,
D
NG

1oL as il
4 5 6 7 8 9
Velocity, fps

CHART 4 REV. 2014
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GEOLOGICAL SURVEY NORTH CAROLINA DEPARTMENT OF NATURAL RESOURCES AND COMMUNITY DEVELOPMENT PLATE 1
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of being equaled or exceeded in any year

o 5 10 20 30 a0 50 MILES N

o \ L N , . . -

o s 10 20 2 P a5 o0 100 B0 KILOMETERS m,° @ Maoximum upstream intrusion (where known) of saltwater
| | Conwenngsmtn stana | front (See text for defails) |

80° 79° 78° 77° 76°

St "5 o, TAE . ot MAJOR ESTUARIES AND SOUNDS OF NORTH CAROLINA

State base map, 1975
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APPENDIX L

6

PERMIT @Q
APPLICATION 0 \}
FORMS

Wetland and Surface Water | ts S@&nary

Riparian Buffer Im sS ary

Stormwater Ma men n

CAMA Major I%lh Qe’ ag ultlple forms)
\Q) QQ\

forms shou dow, ed from Hydraulics website.

NOTE: These |nt g (ﬁrreference Actual
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•	Wetland and Surface Water Impacts Summary
•	Riparian Buffer Impacts Summary
•	Stormwater Management Plan (SMP)
•	CAMA Major Permit Application (multiple forms)
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NOTE: These are intended for reference.  Actual
forms should be downloaded from Hydraulics website.


(o Dud

&/
WETLAND AND SURACE WATER IMPACTS SUMMAR \

WETLAND IMPACTS

ACE W. R IMPACTS

Hand Existing
Temp. Excavation Clearing re‘ emp. ¢ hannel Channel Natural
Site Station Structure Fill In in in SW '\ acts Impacts Stream
No. (From/To) Size / Type Wetlands | Wetlands Wetlands impt NBPermanent Temp. Design
(ac) (ac) (ac) _) (ft) (ft) (ft)
N E
MG
A "J i
N\ M
JO ~
* N Q ) ]
\‘\\\' N \J‘
- é& N
P\ -~
A A N7,
P\
Q\
&
b
\\% -
\‘
TOTALS*: o (

*Rounded totals are sum of actual impacts

NOTES:

SHEET XXX OF

NC DEPARTMENT OF TRANSPORTATION
DIVISION OF HIGHWAYS
ENTER DATE HERE
ENTER COUNTY HERE
ENTER TIP # HERE
ENTER WBS # HERE

Revised 2016 09 09

1 XIAN3ddV
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RIPARIAN BUFFER IMPACTS SUMMARY

IMPACT BUFFER
TYPE ALLOWABLE MITIGABLE REPLACEMENT
STRUCTURE SIZE / STATION ROAD PARALLEL ZONE 1| ZONE 2 | TOTAL | ZO ZONE 2 TOTAL ZONE 1 ZONE 2
SITE NO. TYPE (FROM/TO) CROSSING | BRIDGE IMPACT (ft) (ft9) (ft9) (ft9) (ft) (ft9) (ft9)
> V.o 3K 3
&G
.& N
Q Q\ -
. Q*\'
®\ ) »
o~ ~ ﬁ
U \J &,
% ‘ AC§° :
N\
AR,
(\K ] ,-A’ N
N
O
O N
N N
\3 \g;
(\(g\ S ?g TOTALS: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
&Q N.C. DEPT. OF TRANSPORTATION
DIVISION OF HIGHWAYS
COUNTY
PROJECT: WBS # (STIP #)
DATE mm/dd/yyyy
SHEET OF _

Rev. SEP 2016

1 XIAN3dddV
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APPENDIX L

North Carolina Department of Transportation
Highway Stormwater Program
STORMWATER MANAGEMENT PLAN
FOR NCDOT PROJECTS

Overview

Introduction

The Stormwater Management Plan (SMP), is used to evaluate and present mitigation efforts for potential
stormwater runoff impacts to surface waters. The SMP summarizes project stormwater management
information including post-construction stormwater best management practices (BMPs) selected to miti
stormwater impacts. This information is used to support compliance with the department’s NPDES p.
well as other federal and state environmental permit applications during the design stage of a proj

This SMP form was developed for use on NCDOT roadway and bridge replacement prOJects
made available for non-road projects; however, some fields and sheets may not apply.

Instructions & &
Some general guidelines for filling out the SMP follow: O Q
and ormulas.

The workbook has been distributed with some cells prot d in order to e form

Cell protection may be removed from each tab by sele nprotec nder th el "Review" ribbon
or by clicking "File" on the Excel ribbon and deact|vat "Prote@ nt She n under the "Protect
Workbook" dropdown.

Fill out the applicable worksheets (not all sh Q reqwr prolec yellow tabs as completely as
possible. The yellow cells within each wo Q shoul |n b; t . Some fields contain a pull-
down list of options, but allow unique ﬁto be en urther on of terms is provided in one of
two ways: (1) click on the yellow cell c%est to display a messa describes what should be entered,

or (2) click on the Guidance tab and scroll to and corr ing definition of interest for a more
complete explanation. %

Space is provided at the bottom of each eet or 3 en; of each row to include any additional

comments that apply to a given sect e SMP d, additional space can be created by
unprotecting the sheet as describ ve or taching additional documentation to the SMP.
The SMP should be saved§ foIIOW| entlon. [Project/TIP No.] HYD_SMP_[YYYYMMDD].
Submittal of SMP lics Un|t

retention as req by the De ent's NPDES permit: NCDOT_Hydraulics_SMP@ncdot.gov
Submission g P int soft Excel file format is preferred.
*** Note tr\at mittal of P to the Hydraulics Unit is not part of any permit approval process.***

Please submit aII com d S&g’: e Hydraulics Unit at the following address for archival and records

Versj mber vision Date Revision Summary
10) ptember 29, 2014 |Released for use.
.01 December 1, 2014 |Minor typographic corrections.
2.027 April 1, 2015 Clarified Swale and Filter Strip measurement instructions
N 2%} October 7, 2015 |Addition of Submittal Instructions on Overview Tab
2. November 23, 2015 |Clarified fields and instructions on Bridge to Culvert Tab
2.05 April 4, 2016 Modified Dissipator Types on PSHs, Energy Diss. Tab
2.06 June 9, 2016 Updated Reference Website Links
2.07 September 12, 2016 |Minor clarifications on Overview and Guidance Tabs

(Version 2.07; Released September 2016)
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Note: For more information or guidance on the definitions provided below, reference the NCDOT Hydraulics Unit
website,
https://connect.ncdot.gov/resources/hydro/Pages/default.aspx

General Guidance

Referenced Documents

North Carolina Department of Transportation (NCDOT) Stormwater Best Management Practices (BMP) Toolbox (2014)
https://connect.ncdot.gov/resources/hydro/Pages/HSPProgramPages.aspx?PGM=BMPT

http://www.fhwa.dot.gov/engineering/hydraulics/pubs/06086/hec14.pdf

Federal Highway Administration (FHWA) Hydraulic Engineering Circular No. 14 (HEC-14), Third Edition, July 2006 E

General Project Information

WBS Element: The Work Breakdown Structure (WBS) Element is a unique project identifying number us
management system. All projects have a WBS element.

TIP No.: If the project is a Transportation Improvement Program (TIP) project, provide th
project is not part of a TIP project, leave the cell blank.

Project Type: Provide type of project activity. ‘b

NCDOT Contact: Provide contact information for the project NCDOT representativD& e

Contractor/Designer: Provide contact information for the project contractor or de&e'r. (
N\ ~
City/Town: Provide either the municipality wher, \rOJect tak or the nea@numcnpality to the project.
A\
County(ies): Provide the county where the‘@ takes plac | de more e county if necessary.

major river basins identified in North
information on river basins, including

Carolina. Provide mo ne river basitui
interactive mapv , can be é%n the Nor% a Department of Environment and Natural
E

River Basin(s): Provide the river basin i IG&)

Resources (NCD website,
http://www.ncwater.org/

CAMA County: Indicates whether the proj subject to the Coastal Area Management Act (CAMA),
administered by th @ Resources Com ion. Cell populates based on selection in "County(ies)" cell.
The "CAMA Map; ta t ustrates thes® cotinties. A list of CAMA counties is provided on the North Carolina
Division of Co Manageme bsite,
http://deq. about/ coastal management/about-coastal-management/cama-counties

Wetlands within Project Limits? Usm down eudlcate whether wetlands are present within the project limits.

Project Leng\' linear length ntire project. Enter "N/A" for non-road projects.

Surrounding Lan : Provide gsn@formanon on the project area surrounding land uses.

Project Built-Upon a A): Tth a project that is covered by impervious or partially impervious surface including, but not limited
gs; pavement and gravel areas such as roads, parking lots and paths; and recreation facilities such as

m* \‘%courts Refer to NC Session Law 2006-246 for full definition.
‘

ieal Cross ionsProvide a brief description of the design or existing typical cross section, including median types and
dimensions, if applicable. Enter "N/A" for non-road projects.

Annual Averag@Daily Trafflc Provide the estimated design Annual Average Daily Traffic (AADT) within the project area (20-yr projection,
(design/future): typ.). Provide the year for which this estimation was made. The proposed AADT may be found as part of
preliminary roadway design documents. Enter "N/A" for non-road projects.
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Note: For more information or guidance on the definitions provided below, reference the NCDOT Hydraulics Unit
website,
https://connect.ncdot.gov/resources/hydro/Pages/default.aspx

General Guidance

General Project Information (Continued)

Annual Average Daily Traffic Provide the existing Annual Average Daily Traffic (AADT) for the project area and the year in which the
(existing): estimate was performed. Enter "N/A" for non-road projects. AADT for a roadway may be obtained from

NCDOT's Traffic Survev Unit website.
http://www.ncdot.gov/projects/trafficsurvey/

General Project Narrative: Provide a summary of the current project area, including reference to NCDOT and non-NCDOT s in the
(Description of Minimization of project area, and facility type. Describe proposed improvements.
Water Quality Impacts)
Provide a brief description of any stormwater and water quality impacts as well as mipi
mitigation measures utilized as part of the project design. Such efforts may includ

conveyance, minimizing directly connected impervious area (DCIA), minimizin nofs ?N , etc.
Pressing 'alt + enter' will create a carriage return within the cell and advanc rsortot ne.

Surface Water Body: Provide the first named surface water to which runoff from the projec are ains. Ifr m the project
area drains to an unnamed tributary, provide the first named stream wnstream o amed tributary.
Surface waters within the project area can be found from 7.5- m|

S Topo Maps among other
resources. If there are multiple water bodies, they should e& d cumented in additional spaces
provided in order according to station.\

NCDWR Stream Index: Provide the North Carolina Division ;ter Resourc &DWR) strearwx number for the water body

(previously identified). The stream can be f he NCD aterbody Reports. To download
Waterbodv Reports. refer to th WR Class jorts and Sta n|t (CSU) website.
https://deq.nc.qov/river- ssificatl dule
f'
NCDWR Surface Water Designations applied WCe water boMy NC def|ne the best uses to be protected within
Classification: these waters an &uated‘set quality standards to protect those uses. Surface

ntal documents for the project, as well as from

*hsite.
es/planning/classification-standards/classifications

NCDWR's Classifications rds Unit (CSL
https://deg.nc.gov/abo

ith them
water classificati can be fou;E@gh thee

Primary (Surface Water Body Provide primary clas t| ns for the water y (previously defined). For example, water bodies classified as
Classification): WS- are also prote(& as Class Cﬁxplﬂcatlons should be listed in the spaces provided. For more

information on assifications. refer to.
ter-resources/planning/classification-standards/classifications

Supplemental (Surface Water Body Provi %pplemen@szifications for the water body (previously identified) per NCDWR's Classifications
Classification): an s Unit or more information on supplemental surface water classifications, refer to,

owabout/divisions/water-resources/planning/classification-standards/classifications

Other Stream Clas : Provide ny ifface water classifications as determined by agencies other than NCDWR, including The NC
Divi arks and Recreation, NC Wildlife Resources Commission, the NC Division of Coastal Management,
|V|S|on of Environmental Health, and the Marine Fisheries Commission. Other surface water

& \ ications are generally listed in the project's environmental documents.
«

than one exists. Impaired waters and associated type of water quality impairment(s) are listed in the North

Impa@ If the water body is impaired, provide the type of water quality impairment. Provide all impairments if more
Carolina Integrated Report. For more information, refer to the following section of NCDWR's website,

http://deg.nc.gov/about/divisions/water-resources/planning/modeling-assessment/water-quality-data-
assessment/integrated-report-files
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Note: For more information or guidance on the definitions provided below, reference the NCDOT Hydraulics Unit
website,
https://connect.ncdot.gov/resources/hydro/Pages/default.aspx

General Guidance

General Project Information (Continued)

Aquatic Threatened/Endangered If threatened or endangered aquatic species (not terrestrial species) are present (indicate "Yes" or "No"),
Species: provide a brief description of the species and any related stormwater management measures used to protect
the species of concern. Consult the project's Environmental Impact Statement (EIS) or Environmental

Assessment (EA) @

NRTR Stream ID, if available: If available, provide the ID assigned to the water body in the Natural Resource Technical Report (N If the
ID includes a superscript, denote it by selecting the character and checking the "Superscript" b@ "Font"
dialogue box. Or, use the carat symbol (*). Note that NRTRs are not completed for all proje "'may be
entered for such cases.

Buffer Rules in Effect: Select the Riparian Area Buffer Rule that applies to your project, if applicable. Ot sefect " A
more information, refer to the following section of NCDWR's website, ¢

http://deg.nc.gov/about/divisions/water-resources/water-resources-p its/Wastewa h/401-
wetlands-buffer-permitting/riparian-buffers-protection

Water Body? project. If "Yes," be sure to describe all bridge BMPs that were us e General P arrative. Refer to

Project Includes Bridge Spanning Using the dropdown menu, indicate whether a bridge spanning the | d water bOd{Wj as part of the
Chapter 9 of the Toolbox for additional information.

Deck Drains Discharge Over Water Using the dropdown menu, indicate whgther deck drains %e over th &ed water body. Note that this
Body? cell will automatically be populated \% "if "No lected in th @ vious cell. If "Yes" is selected,

provide justification in the Gene arratlv& n. Specifj , indicate why direct discharge could
not be avoided

Deck Drains Discharge Over Buffer? Using the dropdown m te whe drains dj over the riparian buffer. Note that this cell
will automatically be ed wit I'N/ N/A" is s for "Buffer Rules in Effect" or if "No" was
selected under cludes Bri Spanning W "If "Yes" is selected, provide justification in the
General PrOJect e sectlon dthen |nd|c§\ er d|55|pator pads were used.

Dissipator Pads Provided in Buffer? Using the dropdown me wheth tor pads were provided in the buffer underneath deck
drains. Note that this c tomatlcalopulated with "N/A" if "No" or "N/A" is contained in the

previous cell. If "Yeﬂ elected, describe the,dimensions and materials used for the pads. If "No" was

selected, providi justification for why\dissjpator pads were not provided.

alés

If a swale is designed for water quality treat W the BMP_Teglbox, it should be identified as a BMP on the Swales tab. Any swale that should
be included in the I1&M program should d on the @ s tab. Use of vegetated conveyance is also beneficial for water quality. Roadside

channels that do not meet the aforeme ale crs ould be described in the General Project Narrative area.

Sheet NWde the plan sh‘eet mber on which the applicable swale section begins.

Station & Coordinates (Road and Road,an nRoad Projects: provide the project station (i.e., alignment, station, and right or left; e.g., -L-
Non Road\Projects): 12% d coordinates (latitude/longitude, decimal degrees) for the downslope end of the swale (e.g.,

\3@. /-78.578803).

e Wate elect the water body that the swale eventually drains to. Refer to the water bodies listed on the General
Project Information sheet (drop down values are based on these). If only one water body was listed, that water

@ body will be entered automatically after a Sheet No. is entered (via the "IF" formula that resides in the cell

K unless it is replaced by the user with a value from the drop down list). Note that water body names do not

automatically synchronize with those on the General Project Information sheet and that they will need to be
updated if any revisions are made to the water body names on the General Project Information sheet.

Base Width: Provide base width of swale. Base width is equal to zero for V-ditch geometry.
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Note: For more information or guidance on the definitions provided below, reference the NCDOT Hydraulics Unit
website,
https://connect.ncdot.gov/resources/hydro/Pages/default.aspx

General Guidance

Swales (Continued)

Front Slope: Provide the front slope (nearest the road) of swale. Enter only the horizontal change as it relates to 1 unit of
vertical change. For example, for a 3:1 slope, enter "3" into the cell.

Back Slope: Provide the back slope (furthest from road) of swale. Enter only the horizontal change as it relates tg 1 unit of
vertical change. For example, for a 3:1 slope, enter "3" into the cell.

Drainage Area: Provide the total drainage area flowing to the listed swale section in acres.

Length Recommended for A treatment length of 100 feet for every one acre of drainage area, as is recommend Qe NCDOT, *
Treatment: Stormwater Best Management Practices Toolbox (2014), is automatically calculat @

Actual Length: Input actual linear length of swale. 0

C,
N4

Longitudinal Slope: Input longitudinal slope of swale. 'U'

Q2: Provide the 2-year storm event peak flow rate (in cubic feet per s.?through &Ie section listed.

L4

V2: Provide the 2-year storm event velou feet per sec \ough the @\ectlon listed.

Q10: Provide the 10-year storm evw@%w rate | bi eet per s ) through the swale section listed.

s(\\.\}

V10: Provide the 10-year sto eyent velocity Qf)e per sec Qh%ugh the swale section listed.

Rock Check Dams Used: Indicate if rock c%s are in@ithin swa Hel.

7 ‘\

Swale Installed for Buffer Use the dropdown'menu i @e whetherhe $wile was used for buffer compliance. If "Yes," use the
Compliance? Additional Comments bo cribe ho ale was used to meet buffer protection requirements.

L\

\ Fi trip
If a filter strip is designed for water quality treat er the BMP oolpox)it should be identified as a BMP on the Filter Strip tab. Any filter strip
that should be included in the I&M program s ldent/ﬁe e Filter Strip tab. Any filter strips not documented on the Filter Strip tab,
should be described in the General Project ive area.
Sheet No.: P an sh mber on which the applicable filter strip begins.
Station & Coordinates (Road an and N 0a PrOJects provide the project station (i.e., alignment, station, and right or left; e.g., -L-
Non Road Pr 2+73 Rt coordmates (latitude/longitude, decimal degrees) for the downslope end mid-point of the filter
strl 764498 / -78.578803).

t Information sheet (drop down values are based on these). If only one water body was listed, that water
y will be entered automatically after a Sheet No. is entered (via the "IF" formula that resides in the cell
unless it is replaced by the user with a value from the drop down list). Note that water body names do not
@ automatically synchronize with those on the General Project Information sheet and that they will need to be

Surfﬁat‘r Bodx Ne water body that the filter strip eventually drains to. Refer to the water bodies listed on the General
d

updated if any revisions are made to the water body names on the General Project Information sheet.

Drainage Area: Provide the total drainage area flowing to the listed filter strip section in acres.

Surface Area: Provide the estimated surface area of the filter strip section in acres.
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Note: For more information or guidance on the definitions provided below, reference the NCDOT Hydraulics Unit
website,
https://connect.ncdot.gov/resources/hydro/Pages/default.aspx

General Guidance
Filter Strip (Continued)
Drainage Area: Surface Area Ratio The ratio of drainage area to surface area is automatically calculated and should be less than 10:1 as is
recommended by the NCDOT Stormwater Best Management Practices Toolbox (2014).

Actual Length: Input length of filter strip in feet. E

Longitudinal Slope: Input longitudinal slope of filter strip in percent.

Filter Strip Installed for Buffer Use the dropdown menu to indicate whether the filter strip was used for buffer complia es ' use the
Compliance? Additional Comments box to describe how the filter strip was used to meet buffer pr reqmrer@.

Preformed Scour Holes and Energy Dissipators
PSHs not used solely for energy dissipation (e.g., PSHs used in associated with buffer compliance) should be lis
energy dissipation may be described in the general project narrative. Any PSH that should be included in the 1&
this tab. Any PSHs not documented on this tab, should be described in the General Project Narrative ar {eferably, enﬁ
entered on this tab; however, describing them in the general project narrative is also acceptable.
Sheet No.: Provide the plan sheet number on which the applicable enewsmator is shown?

Station & Coordinates (Road and Road and Non Road Projects: provid OJECt stati Qallgnment tatjon, and right or left; e.g., -L-
Non Road Projects): 12+73 Rt.) and coordinates (Iatlt ude, decj rees) fo nslope end of the energy
dissipator (e.g., 35.764498 / -78: 03) \

entuall Refer to the water bodies listed on the

Surface Water Body: Select the water body th issi
General Project Infor d on these). If only one water body was listed,
that water body ntered aut tically after .;

eet (drop dewp values arg
No. is entered (via the "IF" formula that resides in
the cell unless it iSpéplaced by th usef with a valu

the drop down list). Note that water body names do
not automatically synchro ze ose on t ral Project Information sheet and that they will need to
be updated if any rewsno% de to th ody names on the General Project Information sheet.

Energy Dissipator Type: Provide the energy dissipator typekxeq at the listed station. Refer to FHWA HEC-14 for descriptions of

types. K
o O
Riprap Type: Provide stle used in*\y dissipator. Refer to NCDOT Standard Specification 1042 for riprap sizes.

O\ P\
Drainage Area: PON the total dr@ area flowing to the listed energy dissipator in acres.

Conveyance Structure &t the hyd stiucture directly flowing to energy dissipator, including equalizer pipes.
Pipe/Structure D| :Ifc n\\&g} structure is pipe, select the pipe diameter from the pull down list. If not listed, manually input
iameter. For structures other than pipes, dimensions and standard acronyms are to be included, i.e.,

rowde the 10-year storm event peak flow rate (in cubic feet per second) flowing to energy dissipator listed.

: Provide the 10-year storm event velocity (in feet per second) exiting energy dissipator listed.

PSH Installed for Buffer Use the dropdown menu to indicate whether the PSH was used for buffer compliance. If "Yes," use the
Compliance? Additional Comments box to describe how the PSH was used to meet buffer protection requirements.
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Note: For more information or guidance on the definitions provided below, reference the NCDOT Hydraulics Unit
website,
https://connect.ncdot.gov/resources/hydro/Pages/default.aspx

General Guidance

Level Spreaders, Hazardous Spill Basins, and Forebays

All level spreaders, hazardous spill basins, and forebays included in the project should be listed on this tab.

Dual-purpose BMPs (such as hazardous spill basins that also function as dry detention basins) should be listed on both applicable worksheets. Fields
documenting BMP type that utilize dropdown menus can be overwritten with manual entries. Users may enter "HSB/DDB," for exampleslnclude
any necessary notes in the comment boxes to cross-reference entries and define the BMP's configuration. Record only the portion of th 's
volume that pertains to its function on the worksheet. Note that a HSB/DDB must be designed to capture the WQ plus the spill vol, e event

that a spill occurs during or following a rain event.

, th

lSpr@dg
chieveo&\ es in the
eferring t@ applicable

For example, consider a HSB/DDB with a drainage area of 0.75 ac that is entirely NBUA. The total volume of the HSB/DD.
HSB volume is 2,360 ft 3 the HSB volume provided is 2,500 ft 3 and the dry detention portion (WQv) is 2,700 ft 3. onthe
Hazardous Spill Basin, and Forebays tab, enter 2,360 for the Required/Minimum Treatment and 2,500 for the Tre
Additional Comments field discussing the BMP's configuration, documenting the total BMP volume of 5,200 ft
sheets (i.e., the Other BMPs sheet).

Sheet No.: Provide the plan sheet number on which the applicable stormwatb managem %lce (BMP) is shown.

Station & Coordinates (Road and Road and Non Road Projects: provide project station i Mment & an?rlght or left; e.g., -L-
Non Road Projects): 12+73 Rt.) and coordinates (latitude/, de, decim ees) for the slope end* (e.g., 35.764498 /

-78.578803).
* |S = Center of Level Spread&@ K @
* HSB = On the Outlet Str 0 Q

* Forebay = Center of t

W
r to the water bodies listed on the General

t (drop d@/ ues aréba @ these). If only one water body was listed, that water
body will be enteréd automati er a Shee &s entered (via the "IF" formula that resides in the cell
unless it is replaced by t}% havalu e drop down list). Note that water body names do not
automatically synchro those on t%eral Project Information sheet and that they will need to be

at

updated if any rews{ made to,the w ody names on the General Project Information sheet.

Surface Water Body: Select the waterdod
Project Informati

Level Spreader, Hazardous Spill Indicate wh &«e BMP, K tI’e listed station is a level spreader, hazardous spill basin, or forebay.
Basin, or Forebay:

Drainage Area: Proﬁ\utal dr, ea flowing to the listed BMP in acres.
New Built-Upon Area (NBUA mount added impervious or partially impervious surface draining to the BMP including, but not limited
t bunldm s3 nt and gravel areas such as roads, parking lots and paths; and recreation facilities such as

tennis c@ efer to NC Session Law 2006-246 for full definition.

Required / Minimu ent P \e required/minimum design treatment (including units) for the listed BMP type. For more
at|on on the stormwater treatment calculation refer to the document, NCDOT Stormwater Best
nagement Practices Toolbox (2014). Minimum treatment criteria will automatically populate based on BMP
ype selection.

Treatmen I : Provide the actual treatment achieved (including units). For more information on the stormwater treatment
calculation refer to the document, NCDOT Stormwater Best Management Practices Toolbox (2014).

BMP Installed for Buffer Use the dropdown menu to indicate whether the BMP was used for buffer compliance. If "Yes," use the
Compliance? Additional Comments box to describe how the BMP was used to meet buffer protection requirements.

Other BMPs
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Note: For more information or guidance on the definitions provided below, reference the NCDOT Hydraulics Unit
website,

https://connect.ncdot.gov/resources/hydro/Pages/default.aspx

General Guidance
All bioretention basins, dry detention basins, filtration basins, infiltration basins, stormwater wetlands, wet detention basins, and BMP variations
similar to these that are not listed on other sheets should be listed on this tab.

Dual-purpose BMPs (such as hazardous spill basins that also function as dry detention basins) should be listed on both applicable worksheets. Fields
documenting BMP type that utilize dropdown menus can be overwritten with manual entries. Users may enter "HSB/DDB," for exampleiénc/ude

1

any necessary notes in the comment boxes to cross-reference entries and define the BMP's configuration. Record only the portion of th s

volume that pertains to its function on the worksheet. Note that a HSB/DDB must be designed to capture the WQv plus the spill vol,
that the spill occurs during or following a rain event.

e event

For example, consider a HSB/DDB with a drainage area of 0.75 ac that is entirely NBUA. The total volume of the HSB/DD.
HSB volume is 2,360 ft 3 the HSB volume provided is 2,500 ft 3 and the dry detention portion (WQu) is 2,700 ft 3. 0n
0.062 ac-ft (2,700 ft ? ) under Volume Treated which results in 1.04" of precipitation treated. Add notes in the Addii

the BMP's configuration, documenting the total BMP volume of 5,200 ft 3 and referring to other applicable s
Forebay sheet).

N

Sheet No.: Provide the plan sheet number on which the applicable BMP is show

D
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Note: For more information or guidance on the definitions provided below, reference the NCDOT Hydraulics Unit

website,
https://connect.ncdot.gov/resources/hydro/Pages/default.aspx

General Guidance
Other BMPs (Continued)
Station & Coordinates (Road and Road and Non Road Projects: provide the project station (i.e., alignment, station, and right or left; e.g., -L-
Non Road Projects): 12+73 Rt.) and coordinates (latitude/longitude, decimal degrees) for the downslope end* (e.g., 35.764498 / -

78.578803).

*On the Outlet Structure

*If no Outlet Striictiire 11se Conter of Ragin b
BMP Type: Provide the BMP type located at the listed station. Refer to the document, NCDOT Stormwate

Management Practices Toolbox (2014), for approved NCDOT post-construction BMPs. @

N\

Drainage Area: Provide the total drainage area flowing to the listed BMP in acres.

New Built-Upon Area (NBUA): The amount of added impervious or partially impervious surface draining to the cludm nof limited
to buildings; pavement and gravel areas such as roads, parking lots and paths@recreatlonk' s such as
tennis courts. Refer to NC Session Law 2006-246 for full definition. C)
Volume Treated: Provide the treatment volume achieved and the associated units of sure. K

Precipitation Depth Treated over Provide the precipitation depth treated (in inches) as calculaweMe to the anlt upon area (i.e., [P =
NBUA: WQv/(3,450 Aygy)] with unit conversiogs as approprlate)o

BMP Installed for Buffer Use the dropdown menu to mdmats &-\er the B& used for bufmephance If "Yes," use the

Compliance? Additional Comments box to de the B as used to m ffer protection requirements.

Bridge to Cul \(Bldance mmlzat
The "Bridge to Culvert Avoidance and Minimization" sheet should e filled ou@ny prwec;z e&ate involving a bridge converted to culvert(s).

Sheet No.: Provide the plan
Q
Station: Provide the project statio\Ne culvert. N4

Drainage Area: Provide the total arWres or square m|Iafdra|n|ng to the culvert and indicate units of measure using the
dropdown optlo{ A

e
Surface Water Body: Select the y ody assSejatedith the culvert. Refer to the water bodies listed on the General Project

Informa eet (drop, alues are based on these). If only one water body was listed, that water body
W|II Ere . auto (via the "IF" formula that resides in the cell unless it is replaced by the user with a
the drop

list). Note that water body names do not automatically synchronize with those on
\a eneral Project Infobmation sheet and that they will need to be updated if any revisions are made to the
ter body 9n the General Project Information sheet.

Q)

Cul ‘Type Indi Nztype and material of construction for the culvert (e.g., "Reinforced concrete box culvert).

fCuIver\ te the number of culverts to be installed.

)T Provide the culvert width if rectangular or the diameter if circular.

Culv(%!ht'ﬁt) Provide the culvert height if rectangular or type "N/A" if circular.

Culvert Length (ft): Provide the culvert length.
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Note: For more information or guidance on the definitions provided below, reference the NCDOT Hydraulics Unit
website,
https://connect.ncdot.gov/resources/hydro/Pages/default.aspx

General Guidance
Bridge to Culvert Avoidance and Minimization (Continued)
Avoidance and Minimization Provide a brief overview of bridge to culvert avoidance and/or minimization efforts and describe, in detail, any
Efforts: efforts that will not be captured in the remainder of the form. Some examples of minimization efforts include:
(Bridge to Culvert) culvert burial, low flow sill/baffles, slope considerations, velocity considerations, and culvert angle and stream

bend considerations. t
Existing Average Stream Slope (%): Provide the existing average slope (%) of the stream along the distance of the proposed culver

Proposed Culvert Slope (%): Provide the proposed culvert slope, in %. N2
29
Existing Low Flow Channel Provide a description of the approximate average existing low flow channel dimensi for tRe stre cate
Dimensions in the Stream: units of measure (typically feet). ¢
(@) AN
Proposed Low Flow Dimensions Provide a description of the proposed low flow dimensions for the culver% e units ofmeastite (typically
Through the Culvert: feet). ( %

Existing Low Flow Velocities in the Provide the existing low flow velocities in the section of stream t@acted b Ivert. Use the average

Stream (ft/s): spring flow if available. If unavailable, use bankfull flow. \
\ £
Proposed Low Flow Velocities Provide the proposed low flow velocitj rough the c t. Wse the av@pring flow if available. If
Through the Culvert (ft/s): unavailable, use bankfull flow. @
® ( 4
Alternating Low Flow Sills/Baffles: Indicate whether the CUIVW low flov\\ aﬁ:l/or baff rovide justification.
Proposed Culvert Burial Depth (ft): Provide the depth of bu@he culvert (i.e.gthe distan Qm‘the invert of the culvert to the elevation of
the natural streambet). (5
fad °
Existing Streambed Material: Describe the existing streamb .g., ho , cobbles, gravel, sand).

Proposed Sills/Baffles: Describe the proposed sil , including spacing, dimensions, and justification.

)
Stream Patterns Up and Describe any charaﬁ% of the stream and culvert that may prevent fish passage or bank stability (e.g.,
Downstream of Culvert that Could bends in the strgam or*changes i ﬁ%)“

Affect Fish Passage and Bank \‘\b

Stability: s N
ed forms @I be affected by the culvert.

Bed Forms Impacted by Culvert Describ
whether a w floodplain bench is required (yes/no) and provide justification.

(riffles, pools, glides, etc.):
Low Flow Floodplain Bench
Require

Sharp Bends at InIet/Ouf!et?
O\

Proposed Culv Outlet Provide the 2-year culvert outlet velocity.
Velecity (ft/s):
Natural Stream Channel 10-yr Provide the 10-year natural stream channel velocity.
Velocity (ft/s):
Proposed Culvert 10-yr Outlet Provide the 10-year culvert outlet velocity.
Velocity (ft/s):
Evaluate/Describe Roadway Describe any roadway constraints that prevent ideal culvert design and installation.
Geometric Constraints:
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(Version 2.07; Released September 2016)

North Carolina Department of Transportation

Highway Stormwater Program
STORMWATER MANAGEMENT PLAN
FOR NCDOT PROJECTS

WBS Element: TIP No.: County(ies): P 1 of 1
General Project Information %’
WBS Element: TIP Number: Project Type: P~ |Date:
NCDOT Contact: Contractor / Designer:
Address: Address: @‘V < :’ *
O
y ad
Phone: Phone:
Email: Email: ( ) )
City/Town: County(ies):
River Basin(s): | CAMA County?
Wetlands within Project Limits? &' N\
Project Description &
Project Length (lin. miles or feet): | Surrounding Land Use: i
Proposed Project A Existing Site
Project Built-Upon Area (ac.) ac. . “ V ac.
Typical Cross Section Description: R A K =4 @
Annual Avg Daily Traffic (veh/hr/day): Design/Future: anng Year:

General Project Narrative:
(Description of Minimization of Water
Quality Impacts)

o*\g

(\

X
A Waterbody Information

Surface Water Body (1): |

NCDWR Stream Index No.:

Na\ud N
g

Prlmary Classification:

Supplemental Classification:

NCDWR Surface Water Classification for Wat\Bh ®
‘\

y -
Other Stream Classification: ‘

Impairments: “ L4

Aquatic T&E Species? N

Comments:

NRTR Stream ID:

Buffer Rules in Effect: |

Project Includes Bridge Spanning Water Bod

Deck Drains Discharge Over Buffer? |

Dissipator Pads Provided in Buffer? |

=%
) T
Deck Drains Discharge Over Water Body?

(If yes, provide justification in the General Project Narrative)

(If yes, provide justification in the General Broject Narrative)

(If yes, describe in the General Project Narrative; if no, justify in the
General Project Narrative)

1 XIdN3ddVv
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North Carolina Department of Transportation

Hi'ghwai
Highway Stormwater Program

STORMWATER MANAGEMENT PLAN
FOR NCDOT PROJECTS

(Version 2.07; Released September 2016)

WBS Element: TIP No.: County(ies): of 1
Swales
Station & Coordinates Surface Base Front Back Drainage | Recommended Actual Longitudinal Rock BMP
Sheet (Road and Non Road Water Width Slope Slope Area Treatm't Length Length Slope Q2 Checks | Associated w/
No. Projects) Body (ft) (H:1) (H:1) (ac) (ft) (ft) (%) (cfoiw Used Buffer Rules?

o &°

X
o

4

AN )
o e

R \

&
@Qﬁ

Qd}—\}&‘

/
2

Additional Comments

1 XIAN3ddV
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Scgxrn

Highwa North Carolina Department of Transportation
M Highway Stormwater Program

STORMWATER MANAGEMENT PLAN @6
]

(Version 2.07; Released September 2016) FOR NCDOT PROJECTS
WBS Element: TIP No.: County(ies): Page of 1
Filter Strips
Surface *
Sheet Station & Coordinates Water Drainage Area Surface Area Drainage Area: Actual Length ) BMP Associated with Buffer
No. (Road and Non Road Projects) Body (ac) (ac) Surface Area Ratio (ft) - ) Rules?
‘b‘ -
v
N .< » O
> N \
N <
o \ \\ (' 2\
S, -
@ ?
) ~\
N\ « Ch)
D, \\J
Q) O
\O\ 2
N ‘1
N ~ N
\) ¢
N ; Additional Comments

1 XIdN3ddVv
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E )

Highi wa¥ -

(Version 2.07; Released September 2016)

North Carolina Department of Transportation

Highway Stormwater Program

STORMWATER MANAGEMENT PLAN
FOR NCDOT PROJECTS

WBS Element: TIP No.: County(ies): Page of 1
Preformed Scour Holes and Energy Dissipators
Station & Coordinates Drainage Pipe/Structur * BMP
Sheet (Road and Non Road Surface Energy Dissipator Area Conveyance Dimensio , Q10 10 Associated w/
No. Projects) Water Body Type Riprap Type (ac) Structure (in) ct ) (fps) Buffer Rules?
~
B
PAR R
% NS Q
N\ O T
> @ O
A
[3
q { P

AN

NV O\
N\

*

N\

* Refer to the NCDOT Best Mana
Dissipators for Culverts and Channel

b

Qonal Comments

), NCDOT Standards, the Federal Highway Administration (FHWA) Hydraulic Engineering Circular No. 14 (HEC-14), Third Edition, Hydraulic Design of Energy

or design guidan

ce and criteria.

1 XIAN3ddV
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(Version 2.07; Released September 2016)

North Carolina Department of Transportation

Highway Stormwater Program

STORMWATER MANAGEMENT PLAN

FOR NCDOT PROJECTS

WBS Element: TIP No.: County(ies): Page of 1
Level Spreaders, Hazardous Spill Basins, and Forebays Nt
Level Spreader, Drainage New Built- *
Station & Coordinates Surface Hazardous Spill Area Upon Area Treatment BMP Associated
Sheet No.| (Road and Non Road Projects) Water Body | Basin, or Forebay? (ac) (ac) Required / Minimum T]_e@]t . C Achieved w/ Buffer Rules?
\v
[ 4
NG K D
g N \J
I R R
g
\‘ \(‘ f el
C - -
K (#a)
R ’ N
A
-

7®

\

.\

O

»‘Qh

\v

NS

*Hazardous spill basins are pollution prevention measures desighed for spill cgnt
and the actual HSB volume, respectively. Refer to the NC

Wrather than stormwater treatment. Under Required / Minimum Treatment and Treatment Achieved, provide the minimum required volume
ement Practices Toolbox (2014) for design guidance.

D@ water
N AT

Additional Comments

>

S

1 XIdN3ddVv
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Highway

L

(Version 2.07; Released September 2016)

North Carolina Department of Transportation

Highway Stormwater Program
STORMWATER MANAGEMENT PLAN

FOR NCDOT PROJECTS

WBS Element: TIP No.: County(ies): Page of 1
Other Best Management Practices
New Built-Upon itation Depth
Station & Coordinates Surface Drainage Area Area ated ed over NBUA [BMP Associated
Sheet No. (Road and Non Road Projects) Water Body BMP Type (ac) (ac) -ft) (in) w/ Buffer Rules?

@
?¥
%

\.
4

\

,\\

O

Qo

Additional Comments

>

2’5‘

S

@Q

1 XIAN3ddVv
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Sean it

I-Iighwa%

(Version 2.07; Released September 2016)

North Carolina Department of Transportation

Highway Stormwater Program

STORMWATER MANAGEMENT PLAN
FOR NCDOT PROJECTS

WBS Element: TIP No.: County(ies):
Bridge to Culvert Avoidance and Minimization
Proposed Structure Summary
Sheet No. & Station [Sheet No.: [Station: Number of Barrels:

Drainage Area (ac or sq mi):

Barrel Width/Diameter (ft):

Surface Water Body:

Barrel Height (ft):

Culvert Type:

Culvert Length (ft)

Avoidance and Minimization Efforts:
(Bridge to Culvert)

Stream Slope

Existing Average Stream Slope (%):

Existing Low Flow Ch

Proposed Culvert Slope (%):

in the Stream:

Culvert Burial

4

Proposed Culvert Burial Depth (ft):

A\

Existing Streambed Material:

roposed w Dimensiogs)
Throu h Ivert:

Proposed Sills/Baffles:

yStr (ft/s):
’@sed Co Velocities Through
\ the Culvé

f
ow Flow \Wties in the

Altergati YFIOW Sills/Baffles:

O

Stream Patterns Upstream and Downstream
of the Culvert that Could Affect Fish
Passage and Bank Stability:

r¥Stream Al%ﬁt

2

Bed Forms Impacted by Culvert (riffles,
pools, glides, etc.):

A\
x &\f%

Low Flow Floodplain Bench Required?
(provide justification)

A3

Bends at Inlet/Outlet?
(describe culvert alignment with stream)

Stream Realignment Necessary? (provide
justification)

Bank Stabilization:

Outlet Velocities

Natural Stream Channel 10-yr Velocity (ft/s):

Proposed Culvert 10-yr Outlet Velocity (ft/s):

Roadway Geometric Considerations

Evaluate/Describe Roadwa:

([ J
ometric Constr%v

1 XIAN3IddV
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Map A. North Carolina Coastal Counties subject to the Coastal Area Management Act (CAMA)

BRUNSWICK

b

HERTFORD
( ¢

BERTIE

Nort@cﬂina CAMA County

(,Gﬁy Border

DOT Division Boundary

NCDOT Division Number

BEAUFORT

ONSLOW

PENDER

%)

Note: Map prepared using NCDOT's

V|ronmen V|ty Maps (ESM).

1 XIAN3ddV
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DCM MP-1

APPENDIX L

APPLICATION for

Major Development Permit

(last revised 12/27/06)

North Carolina DIVISION OF COASTAL MANAGEMENT

1. Primary Applicant/ Landowner Information

Business Name

Project Name (if applicable)

Applicant 1: First Name MI Last Name
1
Applicant 2: First Name MI Last Name \) %( g
If additional applicants, please attach an additional page(s) with names listed.
Mailing Address PO Box City

ZIP Country Phone No.

\ g

- ex
Street Address (if different from above) (g @ \State v ZIP
L\ R O, i
Email \\x N\ C)(}
x\ o~ Q
A = -
2. Agent/Contractor Information
Business Name \
Agent/ Contractor 1: First Name Ml Q é @
Agent/ Contractor 2: First Name | \ Last Name
f& hd (. 1
Mailing Address w \\\/ PO Box City State
ZIP \ No. 1 Phone No. 2
“ < ) ext. ext.
FAX No. \ Q.‘ Contractor #
O
Street Address (if diff above) 4 NS City State ZIP

RS

Email

SR\

@

<Form continues on back>

252-808-2808 1-888-4RCOAST

www.nccoastalmanagement.net
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APPENDIX L
Form DCM MP-1 (Page 2 of 5) APPLICATION for

Major Development Permit

3. Project Location

County (can be multiple) Street Address State Rd. #
Subdivision Name City State Zip
Phone No. Lot No.(s) (if many, attach additional page with list)
- - ext ) ) ) )
a. In which NC river basin is the project located? b. Name of body of water nearest to proposed project b

c. Is the water body identified in (b) above, natural or manmade? d. Name the closest major water body to the propos&%t site.

[CONatural [DJManmade [JUnknown

e. Is proposed work within city limits or planning jurisdiction? f. If applicable, list the planning jurisdiction or he prop

[Oyes [No work falls within. o
e S
N4 A"

4. Site Description (

( \ >4
a. Total length of shoreline on the tract (ft.) b. Size of entire tract (sq. IO‘ Q o

c. Size of individual lot(s) . Approximate el ftract al &\IHWYnormal high water) or
WL (norm r fevel)
(If many lot sizes, please attach additional page with a list) \( I:|NHW

e. Vegetation on tract

oy x
f. Man-made features and uses now on tract w N~ N

g. Identify and describe the existing land uses adjac W propose, prolectsle

h. How does local government zone@ i. Is the proposed project consistent with the applicable zoning?

A

(Attach zoning compliance certificate, if applicable)

yes [ONo [INA

j- Is the proposed activity part ofw urban w ntedevelopment proposal? [Iyes [No
A V.
k. Has a professiona@@ogical assdssmertt been done for the tract? If yes, attach a copy. [Jyes [No [INA
If yes, by who!
ational Registered Historic District or does it involve a [Oyes [ONo [INA
property?

<Form continues on next page>

m. (i) Are there v&ﬁs on the site? OYes [INo
(ii) Are there coastal wetlands on the site? [yes [No
(iii) If yes to either (i) or (ii) above, has a delineation been conducted? [yes [No

(Attach documentation, if available)

252-808-2808 :: 1-888-4RCOAST :: www.nccoastalmanagement.net
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APPENDIX L
Form DCM MP-1 (Page 3 of 5) APPLICATION for

Major Development Permit

n. Describe existing wastewater treatment facilities.

0. Describe existing drinking water supply source.

p. Describe existing storm water management or treatment systems.

- -

)
5. Activities and Impacts ,@

&
\ g

a. Will the project be for commercial, public, or private use? [JCommercial [JPubli rnment
I]Private/Communi}. ,.@
b. Give a brief description of purpose, use, and daily operations of the project when complete. \3\)

((b >

c. Describe the proposed construction methodology, types of construction equipment to be used dufing €oRstruction mber of each type
of equipment and where it is to be stored.

d. List all development activities you propose. 0\*

e. Are the proposed activities maintenance of an eXi

f. What is the approximate total disturbed land area resulti e propo& ct? [Jsq.Ft or [JAcres

g. Will the proposed project encroach on any public t, public accesswayPor other area [dves [ONo [INA

that the public has established use of?

h. Describe location and type of existing and ed discharge§ togvaters of the state.

o™

i. Will wastewater or stormwa\k(ycharged into a Weand? [dyes [No [INA
4

If yes, will this dischargéd Water be of t e salinity as the receiving water? [yes [ONo [INA

j- Is there any mitigati
If yes, attach a\miti ion propo,

'\\J [IYes [INo [INA

»
@ 0 <Form continues on back>

ional | tion
In addition to this application form, (MP-1) the following items below, if applicable, must be submitted in order for the application
package to be corﬁete. Items (a) — (f) are always applicable to any major development application. Please consult the application
instruction booklet on how to properly prepare the required items below.

a. A project narrative.

b. An accurate, dated work plat (including plan view and cross-sectional drawings) drawn to scale. Please give the present status of the
proposed project. Is any portion already complete? If previously authorized work, clearly indicate on maps, plats, drawings to distinguish
between work completed and proposed.

c. A site or location map that is sufficiently detailed to guide agency personnel unfamiliar with the area to the site.

252-808-2808 :: 1-888-4RCOAST :: www.nccoastalmanagement.net


jsnead
Text Box
APPENDIX L


APPENDIX L
Form DCM MP-1 (Page 4 of 5) APPLICATION for

Major Development Permit

d. A copy of the deed (with state application only) or other instrument under which the applicant claims title to the affected properties.

e. The appropriate application fee. Check or money order made payable to DENR.

f. Alist of the names and complete addresses of the adjacent waterfront (riparian) landowners and signed return receipts as proof that such
owners have received a copy of the application and plats by certified mail. Such landowners must be advised that they have 30 days in
which to submit comments on the proposed project to the Division of Coastal Management.

Name
Phone No.

Address b
Name
Phone No. @

Address 0
Name @

Phone No. O& Q

Address

L 2

h. Signed consultant or agent authorization form, i a[&;ﬁe. LY
i. Wetland delineation, if necessary.

k. A statement of compliance with the ronment y Act (N.C.G.S. 113A 1-10), if necessary. If the project involves expenditure

j- A signed AEC hazard notice for proje: %‘a&nfront an Mreas (Must be signed by property owner)
of public funds or use of public Ia a sta cumenting compliance with the North Carolina Environmental Policy Act.

O

7. Certification and Pehmssm hter on Land

I understand that al |ssued i \nse to this application will allow only the development described in the application.
The project will be to the s and restrictions contained in the permit.
| certify that | amjauth rlzed to nd do in fact grant permission to representatives of state and federal review agencies to

enter on the mentlone in connection with evaluating information related to this permit application and follow-up

ation provided in this application is truthful to the best of my knowledge.

Print Name

Signature

Please indicate application attachments pertaining to your proposed project.

[JDCM MP-2 Excavation and Fill Information [JDCM MP-5 Bridges and Culverts
[ODCM MP-3 Upland Development

[ODCM MP-4 Structures Information

252-808-2808 :: 1-888-4RCOAST :: www.nccoastalmanagement.net
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APPENDIX L
Form DCM MP-1 (Page 5 of 5) APPLICATION for

Major Development Permit

,@6
OQQ,OQ'
O
00}
> &
O Q
<
N N o
AP\
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¥
KQ *s
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\O Q\
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Form DCM MP-2

EXCAVATION and FILL

(Except for bridges and culverts)

APPENDIX L

Attach this form to Joint Application for CAMA Major Permit, Form DCM MP-1. Be sure to complete all other sections of the Joint
Application that relate to this proposed project. Please include all supplemental information.

Describe below the purpose of proposed excavation and/or fill activities. All values should be given in feet.

Access er
Channel . . Rock uding
(NLW or Canal Boat Basin Boat Ramp Rock Groin Breakwatex horeline
NWL) hstabilization)
Length zQ .
Width *
G AN
Avg. Existing
Depth NA ({ NA )
Final Project K %
Depth h
EXCAVATION (\v (\%This section not applicable
a.  Amount of material to be excavated from below NHW or NWL in [( ype of 10 be excavateth?
cubic yards.

0\\ s
c. (i) Does the area to be excavated include coastal wetlands/fal d
(CW), submerged aquatic vegetation (SAV), shell bo& B),

or other wetlands (WL)? If any boxes are chec pravide the
number of square feet affected.

Ocw OsAav Os.

OwL CINone

(i) Describe the purpose of the excavation in these area@&

%)
. &
" . r
= O
RlALO‘

\) bic yards.
O
O O
O

9

A

DISPOSAL OF EXCAVATE

[This section not applicable

a. Location of disposal area. : b. Dimensions of disposal area.
\ Y = PN
A J ]
c. (i) Do you claim title to dis area? (i) Will a disposal area be available for future maintenance?
Oyes [ONo [ ¢ Oyes [ONo [INA

(i) If no, attach a letter (ii) If yes, where?

Y
o '
nting pe@(rom the owner.

y coastal wetlands/marsh f. (i) Does the disposal include any area in the water?
tation (SAV), shell bottom (SB),

) [Oyes [ONo [INA
y boxes are checked, provide the " )
ed. (ii) If yes, how much water area is affected?

number of squar
Ocw %
COwL None

(i) Describe the purpose of disposal in these areas:

3. SHORELINE STABILIZATION
(If development is a wood groin, use MP-4 — Structures)

[This section not applicable

252-808-2808 :: 1-888-4RCOAST :: www.nccoastalmanagement.net revised: 12/26/06
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Form DCM MP-2 (Excavation and Fill, Page 2 of 2)

APPENDIX L

a. Type of shoreline stabilization:

[JBulkhead [JRiprap [IBreakwater/Sill  []Other:
c. Average distance waterward of NHW or NWL:
e. Type of stabilization material:

g. Number of square feet of fill to be placed below water level.
Bulkhead backfill ___ Riprap __
Breakwater/Sill ___ Other ___

Source of fill material.

b. Length:

Width:
d. Maximum distance waterward of NHW or NWL.:

f. (i) Has there been shoreline erosion during preceding 12

months?
Oyes ONo  [INA

(ii) If yes, state amount of erosion and source of erosion amount
information.

h.  Type of fill material.

4. OTHER FILL ACTIVITIES
(Excluding Shoreline Stabilization)

|:|Th| not applicable

% in coasta@nds/marsh (Cw),

a. (i) Willfill material be brought to the site? [JYes [IJNo [INA b. (i) Will fill material
If yes submerged vegetatlon (SAV), Skell bottom (SB), or
N ) ) other wetlafids (WL)? If an s are checked, provide the
(ii) Amount of material to be placed in the water __ number o feet affed
(iii) Dimensions of fill area c @ n [IsB
(iv) Purpose of fill ‘\A
(\ f| eseribe the@ f the fill in these areas:
A
5. GENERAL
a. How will excavated or fill material be kept on site and Vt at type of construction equipment will be used (e.g., dragline,

controlled?

c. (i) Will navigational aids be required
[yes [No [INA
(ii) If yes, explain what type

‘a\

cﬁb\

backhoe, or hydraulic dredge)?

d. (i) Will wetlands be crossed in transporting equipment to project
site? [JYes [No [NA
(ii) If yes, explain steps that will be taken to avoid or minimize
environmental impacts.

Date

)

N

Project Name

Applicant Name

Applicant Signature

252-808-2808 :
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APPENDIX L

Form DCM MP-5

BRIDGES and CULVERTS

Attach this form to Joint Application for CAMA Major Permit, Form DCM MP-1. Be sure to complete all other sections of the Joint
Application that relate to this proposed project. Please include all supplemental information.

1. BRIDGES OThis section not applicable ‘
a. Isthe proposed bridge: b. Water body to be crossed by bridge:
[OJCommercial [JPublic/Government [JPrivate/Community b
VN

c. Type of bridge (construction material): d. Water depth at the proposed crossing at NLW or

e. (i) Will proposed bridge replace an existing bridge? [JYes [INo f. (i) Will proposed bridge replace an exis@ rt? I;Y(j%‘

If yes, If yes, \

(i) Length of existing bridge: (i) Length of existing culvert: \,

(iii) Width of existing bridge: (iii) Width of existing culvert:

(iv) Navigation clearance underneath existing bridge: __ (iv) Height of the top of&existing CU|Q®G the NHW or
NWL:

(v) Will all, or a part of, the existing bridge be removed?

(Explain) (v) Will all, or rt of"the existing @t be removed?
(Explain

’& <<
g. Length of proposed bridge: ‘\Ah. Widthe@f ptgposed bri
Wil Sh i

i.  Will the proposed bridge affect existing water flow? I]Ye% i ill t oposed
If yes, explain:

g

Q-

ect navigation by reducing or
avigable opening? [yes [No

©
O/G. -
n_—,gg

.
L N
k. Navigation clearance underneath proposed bridge: @ l. Ha@\ontacted the U.S. Coast Guard concerning their
% ? Oves ONo

A )
m.  Will the proposed bridge cross wetlands cont@&o navigﬁl\c) - Height of proposed bridge above wetlands:

waters? Oyes

O

If yes, explain:
N\ MR,
~ Qs
2. CULVERTS u .‘0\ OThis section not applicable
a.  Number of culverts plwis?d: \\v b.  Water body in which the culvert is to be placed:

< Form continues on back>

> N
TS

aterial):

252-808-2808 :: 1-888-4RCOAST :: www.nccoastalmanagement.net revised: 10/26/06
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Form DCM MP-5 (Bridges and Culverts, Page 2 of 4)

d. (i) Will proposed culvert replace an existing bridge? e.
Oyes [No

If yes,

(i) Length of existing bridge:

(iii) Width of existing bridge:

(iv) Navigation clearance underneath existing bridge:

(v) Will all, or a part of, the existing bridge be removed?

(Explain)

f.  Length of proposed culvert: g.
h.  Height of the top of the proposed culvert above the NHW or NWL. i.
j- Will the proposed culvert affect navigation by reducing or k.

[yes [INo

increasing the existing navigable opening?
If yes, explain:

A

APPENDIX L

(i) Will proposed culvert replace an existing culvert?
vyes [No
If yes,
(i) Length of existing culvert(s):
(iii) Width of existing culvert(s):
(iv) Height of the top of the existing culvert above the NHW or
NWL:

(v) Will all, or a part of, the existing culvert be removed?

(Explain)

s@‘
Width of proposed culvert:
Depth of culvert to be burled below exstlng@ ontour. *

>

Will the proposed culvert affectems@ rflow?& -
o @0
Y
N ‘\Q
O

If yes, explain:

v

EXCAVATION and FILL

-

VDThis section not applicable

a. (i) Will the placement of the proposed bridge or culvert require an
excavation below the NHW or NWL? [yes

If yes, C)
(iv) Avg. depth of area to be excavated: __

(i) Avg. length of area to be excavated:
(i) Avg. width of area to be excavated:
(v) Amount of material to be excavated in CUbIC yards:

K*Cﬁﬂ

high-ground excavation? No

c. (i) Will the placement of the proposedulvert rec@

If yes, Q
(i) Avg. length of area to be ed:
(iii) Avg. width of area t xcavated S
(iv) Avg. depth of ar excaval
to be exc cubic yards:

(v) Amount ofxterl

X, Oow
Q)o&g

oposed bridge or culvert require any

\
(|) Wi
e tion within gbas etlands/marsh (CW), submerged
i ), shell bottom (SB), or other wetlands

u c vegeta
? Ifan re checked, provide the number of square
et aff ct%

OsAav [sB
I:lNone

cribe the purpose of the excavation in these areas:

252-808-2808 :: 1-888-4RCOAST :

www.nccoastalmanagement.net

revised: 10/26/06
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APPENDIX L
Form DCM MP-5 (Bridges and Culverts, Page 3 of 4)

d. If the placement of the bridge or culvert involves any excavation, please complete the following:
(i) Location of the spoil disposal area:

(il) Dimensions of the spoil disposal area:
(iii) Do you claim title to the disposal area? [JYes [INo (If no, attach a letter granting permission from the owner.)
(iv) Will the disposal area be available for future maintenance? [JYes [INo

(v) Does the disposal area include any coastal wetlands/marsh (CW), submerged aquatic vegetation (SAVs), other wetlands (WL), or shell
bottom (SB)?

[Odcw [OsAav [OwL [sB [None
If any boxes are checked, give dimensions if different from (ii) above. )

(vi) Does the disposal area include any area below the NHW or NWL? ? []Yes [INo

If yes, give dimensions if different from (ii) above. \@

e. (i) Will the placement of the proposed bridge or culvert result in any f. (i) Will the placement of the proposed brld ert resul Vag
fill (other than excavated material described in ltem d above) to fill (other than excavated material de It m d
be placed below NHW or NWL? vyes [No be placed within coastal wetlands/marsh ) su
If yes, aquatic vegetation (SAV), shell b B), or o nds
(WL)? If any boxes are chec ide the n square
(i) Avg. length of area to be filled: feet affected.

(iii) Avg. width of area to be filled: Ccw (bgss
(iv) Purpose of fill: COwL _Q None (
(i) Describe the p he excava@ these areas:
O\ I\K

g. (i) Will the placement of the proposed bridge or culvert resulth
fill (other than excavated material described in Item d al
be placed on high-ground? DY&

If yes,

(i) Avg. length of area to be filled: v
(iii) Avg. width of area to be filled: ___ \@ 0
(iv) Purpose of fill: & g

|4. GENERAL Q

a. Wil the proposed project requuet ation of any b.  Will the proposed project require the construction of any temporary
utility lines? I:lNo detour structures? [yes [No

If yes, explain: 0‘\ If yes, explain:

.r\V \U'

hd

If this p prop ct has already received
appr | auth@ lease attach a copy of the
ert|f|cat|
< Form continues on back>
c. Wil the proposed project require any work channels? d. How will excavated or fill material be kept on site and erosion
[IYes [INo controlled?

If yes, complete Form DCM-MP-2.

252-808-2808 :: 1-888-4RCOAST :: www.nccoastalmanagement.net revised: 10/26/06
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APPENDIX L
Form DCM MP-5 (Bridges and Culverts, Page 4 of 4)

e. What type of construction equipment will be used (for example, f.  Will wetlands be crossed in transporting equipment to project site?
dragline, backhoe, or hydraulic dredge)? [IYes [INo

If yes, explain steps that will be taken to avoid or minimize
environmental impacts.

g. Wil the placement of the proposed bridge or culvert require any
shoreline stabilization? [dyes [INo
If yes, complete form MP-2, Section 3 for Shoreline

Stabilization only. Q

Date @
Project Name é Q

Applicant Name

Applicant Signature ‘\“
S,

252-808-2808 :: 1-888-4RCOAST :: www.nccoastalmanagement.net revised: 10/26/06
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APPENDIX'M

Stream Relocation Guidelines
NOTE: These guidelines are for the piedmont and coastal regions. While these guidelines are similar to the trout
county requirements, they do not replace the existing process for trout counties. This guidance is to be followed
prior to the permit process to facilitate that process and to minimize impacts

"Minor Relocations"

Applicable when: -

- Less than 100 feet of total relocation is required at a
given crossing (from the end of the structure, inluding

headwalls), and no more than 50 feet is relocated on
any one side (upstream or downstream)’

Technical guidelines:

-Relocation should be similar to original channel in
Width
Depth
Gradient
Substrate
-Bank vegetation should be re-established, but no
specific planting regime is required

Co-ordination with WRC field staff:

-No coordination is required unless mﬁg‘hQual
Watcrs(HQW) cnncal habitat(as @ed by &
' listed

cYotationg")

de:
4

"Standard Relocations"

Applicable when:

- Greater than 100 feet of total relocationys rcquwcd at
a given crossing (from the end of thc s

ing headwalls), Or
any one side (upstream or downs

Technical guidelines:

-Relocation should be s
Width
Depth
Gradi_cnt

Subst\\ﬁ
For the $ g ite %tc specific requirements
i ined thrg coordination with the
& staff. items will follow WRC's

hment of bank vegetation with planting
required
andeys and habitat structures (root wads, wing
ectors, etc.) approximating the original stream

Co-ordination with WRC field staff:
-Coordinate the relocation with-the appropriate WRC

" district fisheries biologist

Note: WRC coordinatio e welcomed¥even on
"Minor"projects. & EQ"
General Guidgnc®d Mini s%n 1vi

- Schedule i

- Use nadtive w&@
ging. Beyond distance use native tree species.

stream activities during peak spawning periods (April-June)
uring periods of low flow as much as possible
streambank vs. riprap to the maximum extent practicable

b like species with small basal width within 25-50 ft. of the structure to reducd clog-

- Itis _prcfcrrc"d that bank vegetation be re-established prior to introducing flow into the channel.
- For reference utilize NC Wildlife Res. Comm. document "NC Stream Protection and Improvement Guide-

lines"

NOTE: Coordination with WRC on projects covered by nationwide permits (outside the 25 trout counties) is
voluntary. This is a proactive effort by NCDOT and WRC minimize habitat impacts from highway projects
and to facilitate communication and understanding at the field level.
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SHEET 10F 3
STREAM CROSSING GUIDELINES
FOR ANADROMOUS FISH PASSAGE
Anadromous Fish are a valuable resource and their migration b
must not be adversely impacted. The purpose of this document @

Transportation to ensure that replacement of existing and n
highway stream crossing structures will not impede the

is to provide guidance to the North Carolina Department of Q
e@
movement of Anadromous Fish.

o
o \\0

Applicable When:
o Project is in the coastal plain defined ;e ®
"Fall Line" as the approximate wester 1t K
(see attached figure). Q
) For perennial and infermittent s@& delingated
on most recent USGS% mlnute® rangle ﬁ.

o Design and llng jects
neces51ty tream vitie ing the spring
migratj r the pu of these
guidell Sprln consi to fall between
Februaryy 15 and 15 eas where the
shortnose s @may b sent, the Cape Fear,

Brunswick an camaw s, spring shall be

defined e@) ary 1 t ne 15).
o] Bridgeg and othe nnel spanning structures

are erred swher actical.

General Guidelines:

Technical ines:

Q all c the width, height and gradient of
\ the proposéd openlng shall be such as to pass
the rqge historical spring flow without
ely altering flow velocity. Spring flow
@d be determined from gage data if available.
he absence of this data, bankfull flow can be
® ed as a comparative level. (Reference, "Fisheries
Handbook of Engineering Requlrements and Biological
Criteria", Bell 1973, for fish swimming

Q limitations )
@ The invert of culverts shall be set at least one

foot below the natural stream bed.

This is a general guideline, with
applicable exceptions. See
Chapter 9 on Culverts.
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SHEET 2 OF 3
Stream Crossing Guidelines
for Anadromous Fish Passage
Page -2-
o) Crossings of perennial streams serving watersheds 6
greater than one square mile shall provide a 5g£§:>
minimum of four (4) feet of additional opening

width (measured at spring flow elevation) to alliEZ>
for terrestrial wildlife passage. <:)

<
)

0 In stream footings for bridges will be se oot 6\'
below the natural stream bed when pract{ @
For crossing sites which require permlt rev1ew@ follo@

information will be provided as a minimum t ac111ta
ho
proposed crgs truct

resource agency review.
ex ing and
to the
stream ban

n rel
o Averaq?&torlc sSQ;mg f 6 bankfull flow)

0 Plan and profll

for thelsite

o) How the pr stru w1ll affect the velocity
and stag the s rln w (bankfull).

o @:atlom £ arlance from the guideline

@ ndaté’o)%\
O LS

O\\o

S

@Q
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A Reference Guide to the Distribution of Anadromous Fishes in North Carolina Rivers

Prepared for the Wilmington and Charleston Districts, U.S. Army Corps of Engineers 6

September 2010 Q

* AN Prepared by:
S

@ National Marine Fisheries Service
& Habitat Conservation Division
101 Pivers Island Road
Beaufort, NC 28516
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The purpose of this guide is to provide an easy reference to the present and potential distribution
of anadromous fishes in North Carolina. The guide can be used by project managers during

review of applications for nationwide or individual permit applications. The anadromous fish
species include the federally-endangered shortnose sturgeon, Atlantic sturgeon, American shads
hickory shad, blueback herring, alewife, and striped bass. The American eel is a catadromous b
species which is widely distributed in all of the river basins. 5@

The distribution limits shown on the map were derived from two sources. The areas | are .
areas designated by rule by the North Carolina Division of Marine Fisheries and t
Resources Commission as Anadromous Fish Spawning Areas. These areas are &Ated
Table 1. The rivers/streams in blue represent reaches where one or more of adro
species could occur based on sufficient water flow in April (mean of 10

The distribution limits described here in this guide are subject to rgyis as newv%1 ation
becomes available and as restoration efforts contigue. Removal s or installatien of fish
passage facilties will expand the distribution limi Kzrestora orts COI@J

For additional information regarding site s OJeC &ews an ctive measures for
anadromous species, particularly the sho sturgeom, | ase c he Atlantic Branch,
Habitat Conservation Division, Anad Flsh CQ |nat|0 Rohde 252-838-0828 or
by email at: fritz.rohde@noaa. qov 0
Table 1. North Carolina Anadromous El awnln as defined by the North Carolina
Division of Marine Fisheries and th life Resou Commlssmn

1. Northwest River &

Anadromous fish w, |th| rthwest River System extend from Tull Bay

northwest to the
also includes

stat including Moyock Run (Shingle Landing Creek). It
ee anO@lrlbutarles Roland Creek, New Bridge Creek, Cowells

Creek, and Kin Cr ek

2. Nort
Ana ous fi ers within the North River System extend from Albemarle Sound
%WGSH S 158 bridge and includes all tributaries: Indiantown Creek, Crooked

@s anding Creek, Narrow Ridges Creek, Great Creek, Deep Creek, and
L\ S\ ubllc%

3. P ank River
Anadromous fish waters within the Pasquotank River System extend from Albemarle
Sound northwest to the US 17 bridge near South Mills and includes all tributaries: Joyce
Creek, Sawyers Creek, Knobbs Creek, Charles Creek, Areneuse Creek, Mill Dam Creek,
Portohonk Creek, and New Begun Creek.


mailto:fritz.rohde@noaa.gov�
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4. Big Flatty Creek
Anadromous fish waters within the Big Flatty Creek System extend from Albemarle
Sound northwest to the headwaters and include Chapel Creek and Mill Dam Creek.

5. Little River
Anadromous fish waters within the Little River System extend from Albemarle Sound
northwest to the US 17 bridge and includes Halls Creek, Deep Creek, and Symonds b
Creek.

Sound northwest approximately 4 miles upstream of the NC 37 bridge idere

6. Perquimans River Q
Anadromous fish waters within the Perquimans River System extend froE‘!@@’n Ie
includes Goodwin Creek, Mill Creek, Walter’s Creek, Suttons Cree on (

Creek, and Muddy Creek.

7. Yeopim River O Q
Anadromous fish waters within the Yeopim River Syste &{snd fromﬁbe arle Sound
northwest and include Yeopim Creek, Betheh Creek, @\ill Cre@ d Middleton
Creek. Q)Z.

*

8. Edenton Bay
Anadromous fish waters withi denton ystewd from Albemarle Sound
north to the headwaters o Anne ek and reek, including Pollock
Swamp. % 0 \

9. Chowan River \ %Q

Anadromous fish waters Wlt&% Chowan System extend from Albemarle Sound
north to the Virginia state inésand mcl%ﬂuckhorn Creek (Hertford County),
Somerton Creek, Mud , Cath Creek (Hertford County), Buckhorn Creek (Run
Off Swamp) (Gates ), Spi reek, Barnes Creek, Shingle (Island) Creek, Sarem
Creek, Hodges icca ver, Ahoskie Creek, Chinkapin Creek, Beef Creek,
Goose Creek, il ( r Pond) Creek, Bennetts Creek, Catherine Creek (Gates
County), Warwick Creek, Stumpy Creek, Dillard (Indian) Creek, Keel

i 0 R’y Hock Creek. Included in this also is the Merherrin River to

(Curritugle), Creek, and
the Vj staterli @ aughan’s Creek (Kirby’s Creek), Turkey Creek, Potecasi Creek,
OId Swa d Cutawhiskie Creek

ie R
é nadr flsh waters within the Cashie River System extend from Batchelor Bay
nor the US 17 bridge and includes Connarista Swamp, Whiteoak swamp, Chiska
Sk oggard Mill Creek, Roquist Creek, Wading Place Creek, Broad Creek, Grennel
and Cashoke Creek.

11. Salmon Creek
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Anadromous fish waters include Salmon Creek and extend from the confluence with the
Chowan River northwest to the US 17 bridge.

12. Middle and Eastmost Rivers
Anadromous fish waters within the Middle and Eastmost River Systems extend from
Batchelor Bay west to the Roanoke River.

13. Roanoke River b

Anadromous fish waters within the Roanoke River System extend from Batchelor. @
northwest to the Roanoke Rapids Dam in Roanoke Rapids. This includes the lo
Roanoke River tributaries of Bridgers Creek, Kehukee Swamp, Wire Gut, A ee .
Creek, Indian Creek, Prices Gut, Rainbow Gut, Coniott Creek, Frog level . 0@
Conoho Creek, Sweetwater Creek, Peter Swamp, Old Mill Creek, Gard
(§)/arren

Cypress Creek, Roses Creek, Broad Creek, Welch Creek, Conaby Cr;
Creek, Thoroughfare, Devils Gut, and Conine Creek.

14. Mackeys (Kendrick Creek) 95
Anadromous fish waters include Mackeys Creek and ex@‘wm Albeq ound south

to the US 64 bridge. \

15. Scuppernong River A K @
Anadromous fish waters Wlthw ppern ver Sy, Q)xtend from Bull Bay

south to include Lake Phelps main caRalg as we st (Rider’s) Creek, Second
Creek, Deep Creek, and unto Maybell

16. Alligator River \
Anadromous fish waters withi Iligator System extend from Albemarle Sound

south and include Little Alli iver, East , Second Creek, Milltail Creek,
Whipping Creek and Lak n Cree d‘Lake and Northwest Fork. Also included are
the adjacent Tom Manéeek ar\ te ashoes Creek.

17. Spencer Creek
Anadromous fi ters in Spencer Creek and extend from Croatan Sound
northwest t eadw. ters

18. CaII reek*
Ana ous ers include Callaghan Creek and extend from Croatan Sound
hwest adwaters
ake uskeet
s fish waters include all waters and inland manmade tributaries of Lake
uskeet.

20. Pamlico River


jsnead
Text Box
APPENDIX N 
ITEM 2
PAGE 4 OF 12


21.

22,

23.

24,

25.

26.

28.
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Anadromous fish waters within the Pamlico River System extend from Pamlico Sound
west to the US 17 bridge and includes Durham Creek, Blounts Creek, Chocowinity
Creek, Little Goose Creek, Broad Creek, and Runyon Creek.

Tar River

Anadromous fish waters within the Tar River System extend from the US 17 bridge
northwest to the Rocky Mount Mill Pond Dam in Rocky Mount and includes Tranters
Creek, Aggie Run, Cherry Run, Bear Creek, Old Grindle Creek, Chicod Creek, Hardeeb
Creek, Conetoe Creek, Tyson Creek, Otter Creek, Town Creek, Fishing Creek; D

Creek, and Swift Creek. Q

Trent Creek
Anadromous fish waters include Trent Creek and extend from its conflrﬁg)\/lth

o

River south to State Route 1316 bridge. % 0

Neuse River

Anadromous fish waters within the Neuse River System e en@)m Pa ound west

to Milburnie Dam in Raleigh. The followigg tributaries Iuded ith Greek;

Kershaw Creek; Dawson Creek; Beard C . Upper reek; @ ck Creek;

Slocum Creek (Southwest and East Prg& Trent Ri ncludipag itstributaries Jumping
reek; reek; Ld wift Creek; Bachelor

Creek, Mill Run, Mill Creek, and BFi

Creek; Pine Tree Creek; Taylor &T
Creek; Core Creek; Kitten Creek;
Falling Creek; Bear Creekg

rter Cr reens Creek; Pitchkettle

White Oak River
Anadromous fish waters withi h|te O er System extend from the Atlantic
Ocean north to the US 17 br nd mclude ston Creek and Grant’s Creek.

New River
Anadromous fish w, |th|n S?ew River System extend from the Atlantic Ocean
north to State Ro 6 bri clude Northeast Creek and Little Northeast Creek.

Northeast ear R| er

Anadromeys sh wat |fh|n the Northeast Cape Fear River System extend from the

conf {@Wlth Fear River north to State Route 1318 bridge and include Long

Cree rke , Prince George Creek, Island Creek, Merrick (Harrisons) Creek,
Creek rgaw Creek.

Iack
s fish waters within the Black River System extend from the confluence with
e Fear northwest to include Six Runs Creek and Great Coharie Creek at the NC
bridges. Included in this system is the South River up to State Route 1007 bridge.

Cape Fear River
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Anadromous fish waters within the Cape Fear River System extend from the Atlantic
Ocean north and northwest to Buckhorn Dam and includes Lilliput Creek, Town Creek,
Mallory Creek, Jackeys Creek, Brunswick River, Alligator Creek, Mill Creek, Sturgeon

Creek, Indian Creek, Hood Creek, Livingston Creek, Wayman’s Creek, Steep Run,
Hammond Creek, and Brown’s Creek.

29. Pee Dee River

Anadromous fish waters within the Pee Dee River system extend from South Carolina 6
state line north to Blewett Falls Dam and include Marks Creek, Jones Creek, Hitc@@

Creek, and Cartledges Creek. Q
Q™. O
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Waters m‘he Roanoke-Chowan River basins that support or potentially support anadromous
fishes. Pink represents designated Anadromous Fish Spawning Areas, blue is potential
anadromous fish habitat, yellow/black symbols are dams, and yellow represents potential habitat
that is currently blocked by dams.
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Waters in the Tar-Neuse River basins that support or potentially support anadromous fishes.
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Maps of the entire river basins with waters that could support anadromous fish based on spring
flows.
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GUIDELINES FOR THE LOCATION AND DESIGN
OF HAZARDOUS SPILL BASINS

Hazardous Spill Basins are provided in new highway construction and major
improvment projects at strategic locations along arterial system highways to aid in
containment and clean up of accidental spills. The determination of these strategic
locations is based on concentrated truck usage areas such as; parking sites at rest b
areas, weight stations, and runaway ramps, as well as for highway segments in close @
proximity to particularly sensitive waters such as; outstanding resource waters and \

water supply sources. @

The strategy is to configure the highway segment of concern such that $C) \0

potential spill runoff would be directed through a facility (basin) where the f, uld bec,)\'
interrupted and temporarily stored to prevent hazardous material from reachi
receiving stream. {

The use of these basins and other managerﬁrit practices ect rec ing 2

waters is in accordance to the general policies ané iteria pre in the G ments

document “Best Management Practices for Pr of S Water followmg
is additional specific guidance in the Iocat|6 de&s ba5|

APPLICABLE LOCATIONS
«0 fo

o Basins will g provi é’ trea ngs on highways

functionally clas%& a rura! an arterials and,
ifiea<8s an Outstanding Resource

. Thes Vis identif
Water (ORW) @A-I watersupply, or
*

o stre \%ossing is within 1/2 mile of the critical
Q ea@ater supply source classified as WS-11, WS-I11

and

\Provm Basins at crossings of those streams on highways
furu:t@ classified as collectors and local streets and roads can
Q ted on a site by site basis with consideration for:
volume traffic type, accident potential related to the highway
metrics, receiving water quality, and the feasibility of basin

@ Q constructlon at the site.
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1) For the purpose of these guidelines “stream” will be defined as those depicted as
blue lines on 7-1/2 minute (1:24000 scale) United States Geological Survey
(USGS) quadrangles.

@) Critical area is defined as extending 1/2 mile from the normal pool elevation of
a reservoir; or 1/2 mile upstream of , and draining to an intake. This would
make the effective area for hazardous spill basins placement, within 1.0 mile of
the normal pool or upstream of an intake. b

DESIGN REQUIREMENTS @Q
J The volume of spill containment storage provided will b &}C)
@me 0
od

approximately 10,000 gallons plus the estimated runo
from a rainfall intensity equating to a two year ret@ \@

event. O

J A means will be provided sych that the n ree flo on
runoff at the basin outlet interr cause @a nment
of hazardous runoff. T be ac IJgﬂshed roviding a
mechanical control y Co ing a m control
section in the out nel t@ dber blocked by such
simple mean a Ied eart terial cked bags.

o The mecha cal gate ﬁn&tlve erally be utilized in areas
where normal op | activities would allow close scrutiny
and control, re he pote or problems with vandalism.
Examples w res as, wefight stations and within
controlled{ §

o*@
A3 ® &
QY Q,@

Q



APPENDIX O
SHEET 3 OF 3

HAZARDOUS SPILL BASIN
FLOWCHART

Is stream crossing in ORW, WS-,

Hazardous
Spill Basin is

NO

or within 0.5 miles of CA?

YES

as an ARTERIAL mute‘-"
(Interstate, US Route, etc. \

Is roadway functionally classified \ YES

t'
Y(I e@qector QI route)

ardous |II

Qb

tial

construction

Evaluate need fi
Basin for

-Trc

'\@1::;:::“
& @

‘v<

NOT required

Basin

0 OQ:u.red

S

4

8/2/13
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PERMIT DRAWINGS GUIDELINES
(July 2016)
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Permit Drawings (for Natural Environment Section submittal).. @g)

Items to Omit (if possible) to De-Clutter Plan Sheets.. é Q Z 2

Stormwater Management Plan (SMP)\&& 3
Wetland & Stream Permit Dravxgna@&@ O3
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PERMIT DRAWING GUIDELINES

PERMIT DRAWING CADD FILE SETUP

Using the Design File Generator, create the following files (if needed) and place in the
“Hydraulics/PERMITS_Environmental/Drawings” directory:

e “TipNo_Hyd prm_wet.dgn” (where wetland and stream impact hatching will be

drawn)

e “TipNo_Hyd prm_buf.dgn” (where buffer impact hatching will be drawn) @6
Open the “*wet.dgn” or “*buf.dgn” file above and reference in all roadway plan shé&
that have impact areas. Hatch impact areas as needed noting site numbers at eac ct @ ¢
location. (“B” projects generally do not require site numbers but depending o . 0
number of resources impacted, separate site numbers may be required. EX. \
stream or more than one wetland would require separate site numbers)
should be labeled numerically (1, 2, 3, etc.).

than o
ocatlon

Next, create a plan sheet file for each plan sheet having |mpac Q efe ensedn the
“*wet.dgn” or “*buf.dgn” noted above. Eachslan sheet sh vea“ it Drawing
Sheet _of _” cell, a plan scale, date/user nary&e name&nd ale for each
different |mpact type shown on the shee parate heet gnot required.)
IPLOT Organizer may facilitate pIo uIt|pI |t plan

QI in the bottom left hand

Note: When adding "date/user n na

corner of the plan sheet. The ill app rname)$ $filel$

DO NOT manually replace th| text wit own i tion. The cell will
automatically populate the text whe int or the file to PDF.

If wetland impacts are on the pr eas one répresentative cross section will need to
be plotted, per site. The cr |on iled should be used for this purpose.

Simply copy and rename _prm_xpl.dgn” and place in the
“Hydraullcs/PERMIT ronm rawmgs” directory.

The Departmeqt’ nt Ievels, cal names, and symbology for permit CADD work
must be foIIow&\ eH ulics Workspace for MicroStation provides a Hydraulics
Toolbar to @ltate thi orkspace should be updated regularly to ensure it is
current. ermi

gs must be in color, using red for all proposed drainage, blue
for allyjurisdictio
%&mat :&

res, gray for contours, and black for all impacts. This same

,
@
17
[
ie]
©
=
©
=2
@

PER DRAWINGS (for Natural Environment Section, NES, submittal)

General guidance and requirements:

« The required naming convention for this single PDF will be “TIP_Permit
Drawings_Current Date (YEARmODAY) .pdf””. The PDF will need to be placed at

Permit Drawing Guidelines — July 2016 Page 1
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“Hydraulics\PERMITS_Environmental\Drawings”. If both Wetland/Stream and
Buffer Permit Drawings are required, the separate Buffer drawings package
should be named “TIP_Permit Drawings_ BUFFER_Current Date
(YEARmMODAY) .pdf”’.

« Include “Permit Drawing Sheet__of __”* cell on all sheets (excluding the
Stormwater Management Plan, SMP) for NES use with respective sheet numbers
reflected. If both Wetland/Stream and Buffer Permit Drawings are required, each
type is separately packaged and should be numbered as an individual set.

. Excel versions of the wetland/stream and buffer impact tables as well as the
Storm Water Management Plan will need to reside in the b
“Hydraulics\PERMITS_Environmental\Forms” directory.

« For Merger Projects, “4B” & “4C” Merger Meeting Minutes will need to b |th
the Permit Drawings. The minutes reside in the “Hydraulics\PERMITS ﬂnmen
directory.

« Private Engineering Firms: Please submit CADD and Excel files |th t}@ of
the permit drawings.
ITEMS TO OMIT (IF POSSIBLE) TO DE- CLUTTER’&Q If@
DRN file: @.\ Q
«  Structure numbers, ditchrdetai exce & ales or d| S near
jurisdictional areas), N and ge equant e

« Approach slab, emb ent cut vemen@oval hatching since it
can be confuse vv( etlan er| chlng.

ROW file:

. Station and offsets f and E
« Right of Way mar bols

« Property line bea

I.DSN file: % \\

widths
. il and Guasgrail text
S
ridge Stations
nd Approach Slab Stations
Slab Single Hatch must be turned off
er hatching that could be confused with impact hatching should be
ed off as well.
urve Data Info, PT, PC, etc.

N

. Baseline

« Deed book reference and/or Map page
« Bearing and Distance for property lines
« Datum Description

Permit Drawing Guidelines — July 2016 Page 2
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The submittal to NES should be a single PDF containing the following (where
applicable), in this order:

1. Stormwater Management Plan (SMP)*

(https://connect.ncdot.gov/resources/hydro/pages/default.aspx) under “Highway
Stormwater Program (HSP).”

*Submission of Completed SMPs to Hydraulics Unit Q@P

NCDOT’s NPDES Permit requires that all completed SMPs be archived
minimum period of five years. The Hydraulics Unit has set up a servic
email to make this archiving process convenient and to answer any
questions. All SMPs must be submitted (in their original Excel f to the
following service account email upon completion and submit%o e Per

Drawing Package. Note that submittal of the SMP to the s@ acco %is
not part of the permit drawing package approval process. K%
NCDOT Hvdr%k SMP @nefot gov @)
=&
PSS
2. Wetland & Stream Per@?&ik ®Q
Wetland & Stream P&mlt Drw Shou

« PROJECT TITLE %- 117x
Site locations shfﬂa Iabelsd nu

& o

>

itled “Wetland & Stream Impacts”.
ically (1, 2, 3, etc.). Verify that Let
tes ar eht.

and Right of \Way
. PLAN SE WIT ’& TS HATCHED - 11”x17” (only those

sheets pacts, ith and one without contours plotted) Show
hatc im wetlands and streams within the project footprint

S as thoseﬁ needed for demolition of the existing structure or
cowstructio, the proposed structure. Such areas could include limits of
Oonstgu f hasing, work bridges, work pads or causeways. A legend for
the b@area type and sheet scale should be placed on each sheet.

\@» If enlargement view is necessary on an additional plan sheet,
0 include it on an 11” x 17” sheet directly behind the respective
plan view.
@Q . If applicable, Riparian Buffer Zones should be reflected on the
K wetland/stream permit plan view.

Permit Drawing Guidelines — July 2016 Page 3
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Sheets Should Include:

1. Show the existing and proposed bridge/interior bents and/or
box culverts.

2. Stormwater treatment data; Show Qioand V1o data for all ditch
outlets that drain directly into wetlands. V1o must be
non-erosive (2.0 fps or less) entering wetlands. For preformed
scour holes, show Q1o

3. Temporary work bridges and rock work pads or causeways.
See Work Pad section below.

4. Details for features affecting impact areas: bank stabilization, @6

swales, structure inlet/outlets, etc. \
5. Roadway centerline, stations with tick marks, sheet matc

lines, north arrow and parcel numbers & names. Q
6. Top of bank lines for major stream crossings.

« PERMIT PROFILE SHEETS FOR BRIDGES (11”x17" d dlrec \
behind respective permit plan view) Use Roadway’s c prof‘h
sheet, show existing and proposed bridges includin |or be
bridge and bridge opening profile should matctsﬁhe ge ope@
contained in the Bridge Survey,Report. Any ied excavation'and the
Normal Water Surface (NWS Id also@aj wn on @) ofile sheets.

ro

For CAMA Permits, indicat geso e (should
match what is shown on %; IIy inf, d crossings, show
Mean High Water ( w Wa W) or only Normal
Water Level (NW f e d| er betwe ily high and low tides is

less than six vﬁ
« PERMIT PRORILE S OR C RTS (11”x17”, located
w) Profiles along culverts are

directly behind respegti rmit

required for plpes x culver t have the conveyance of a 60” pipe
or greater in Jurl nal St as S). Show flow line profile of culvert
and stream. Iﬁm ine P@rom Culvert Survey Report can be used).
Indicate t al rface (NWS) and slope of the culvert. (See
exampl@nded 0 10)

CR% SECTIONS (one representative cross section per
3%/\/ wetland impaet areas) half sized with at least one cross section
n per Wetland impact area. Wetland boundaries should be
ndlcat e cross section(s) by a thick vertical line labeled
". Separate cross sections are not needed for buffer permit

A |f they are already included in wetland/stream permit drawings.
@' RAULIC DESIGN DETAIL SHEET (if not included on project plan
eets) Note: For culvert sites with sills and/or baffles, provide culvert
detall(s) and any associated notes such as native bed material.
. WORKPADS & CAUSEWAYS: If required, copy layout from Structure
Management’s General Drawing (SMGD) onto permit plan view (check
the plotted limits of the work pad/causeway and correct if needed).

Include cross-sectional detail of the work pad/ causeway if needed for
clarity and if not provided on SMGD. If the cross-sectional detail will not

Permit Drawing Guidelines — July 2016 Page 4
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fit on the permit plan view sheet, a separate detail sheet can be added.
Verify that the top of the work pad/causeway has been drawn at least

2 feet above the NWS. (See example plan and profile sheets provided on
pages 11 &12.) It is also acceptable to directly include Structure
Management’s General Drawing with the work pad/causeway cross
sectional detail as a part of the Permit Drawings. The sheet number cell
would need to be added directly to SMGD.

WETLAND & STREAM IMPACT SUMMARY SHEET (Excel file) -
11" by 17”. (The latest “Wetland Permit Impact Summary” form can lé
found on the Hydraulics Unit Web Site under “Environmental Pern"%

Forms”). Individual site impacts should be entered to the neare 1
acres on the Excel Wetland Permit Impact Summary Form “D ntry .
Page” tab. The Wetland Permit Impact Summary to be in N th

permit package should be printed from the “Print Paget&)/ ich L&(}
data to the nearest 0.01 acres or will show as “<0.01 " if ap le.
Surface water impacts should be shown to the near@inear

Permanent bank stabilization should be reported«as a sepa% ear

impact to the nearest foot. Temporary bank stabilization Id be
reported as a linear foot and acreage |mpa T e Str tures Management
Unit will supply the Hydrauli Un|t W|th rmanent j t calculations

for the proposed bents ata shou e reflected below
the Wetland Permit | able in |€§Wotes” section. If

more than one su heet [ |red in€lugle a subtotal for each sheet
and on the last sh ve bo btota at sheet and a total line for

the entire pro e
Wetland Permit I§pac§x ry Sh
referen@m the permit drawing plan view.

Site No. - Site

2. Station (Fro T§> the t\statlon where the impacts occur. Does not
have to b /to un &g a very long linear impact. Will want to
referen orri centerline if applicable.

type of structure if applicable. Examples: box
, temporary work bridge, temporary rock causeway,

3. StruQe
l@ brldge

tab@nqn etc

Il in wetlands, temporary fill in wetlands, excavation in

wet , mechanized clearing in wetlands, hand clearing in wetlands, and
wetlands report impact in acres of wetlands. For an isolated

@. and site, place an asterisk with the quantity to reference a note below
@ e summary table on the impact summary sheet.

ermanent SW Impacts - quantity in acres of surface waters impacted
permanently Surface waters include streams, lakes and ponds (ponds that
are connected to surface water streams or wetlands. Does not include
isolated ponds). Examples: culverts in streams, permanently placed riprap
in streams, bank stabilization, any part of the surface water of the stream
that is permanently relocated, permanent roadway fill in the surface water,
any part of the surface water that is permanently dewatered or drained, etc.

Permit Drawing Guidelines — July 2016 Page 5
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(Note that bank stabilization should be noted separately, for each site in
the impact table.) Permanent bank stabilization should be reported as a
separate linear impact to the nearest foot. Where permanent bank
stabilization is proposed on opposing sides of the channel, do not double-
count impacts in areas of overlap. (Length is total length of channel
impacted, regardless of whether impacts are on one bank or both.)

6. Temporary SW Impacts - quantity in acres of surface waters impacted
temporarily. Surface waters include streams, lakes and ponds (ponds that
are connected to surface water streams or wetlands). Does not inclu%
isolated ponds. Examples: temporary fills due to temporary rock @
causeways required for bridge construction or construction acc
temporary detour fills in surface water, temporary dewaterin cts
required for construction. Temporary bank stabilization ( fth
bank where rip rap will not be placed) should be report Irn
and acreage impact.

7. Existing Channel Impacts Permanent - length of stre that |@
permanently impacted as noted in 5 above. R to nea ot

8. Existing Channel Impacts Temporary - Ien of stream that’is temporarily
impacted as noted in item 6 ‘above. Thrs ce stﬁd be a minimum of
10 feet beyond each end propo nage cture for pipe and
culvert crossings, but ed to to th@nt of construction
phasing. Report to tfoot
9. Natural Stream I ength o streazﬁ‘ls relocated (due to project
hniques. Report to nearest

impacting it) atural eam de
foot. ?‘

Note that other mpaé}ue permr%agenmes require may be reported at the
t

bottom of the she “Notes” ion. Examples would be impacts due to
bridge piers (pr Management Unit) in the wetlands
(temporary ar@ rmanK Awetlands etc.

Cur basins atersheds that require buffer permit drawings:
River , Tar-Pamlico River Basin, Catawba River (Main Stem and
in Ste s), Goose Creek, Randleman Lake Watershed, Jordan Lake

aters

@ %germrt Drawings Should Contain;

PROJECT TITLE SHEET- 11"x17” Titled “Buffer Impacts”. Site
locations should be labeled numerically (1, 2, 3, etc.). Verify that Let and
R/W dates are current.

PLAN SHEETS WITH IMPACTS HATCHED (without contours)
11"x17” (for only those sheets with impacts), showing hatched area
impacts for buffers and access for work bridges/work pads or causeways

Permit Drawing Guidelines — July 2016 Page 6
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APPENDIX P

needed for demolition of the existing structure or construction of the
proposed structure. A legend for the hatched area type and sheet scale
should be placed on each sheet.

If enlargement view is necessary on an additional plan sheet,
include it on an 11” x 17” sheet directly behind the respective
plan view.

If applicable, wetland/stream boundaries should be reflected on
the buffer permit plan view.

For existing transportation facilities with jurisdictional str

crossings, riparian buffer zones will need to be reflect arcs
around the ends of the existing cross line. If both e the
existing cross line are jurisdictional, the arcs sho end

until they overlap where they should merge. shou

not be reflected for the portion of the rlparla r zom&
are within the footprint of the existing tran t|on f

The guidance above is based on the

Interpretation/Clarification Memo fro DIVI ater
Quality (Division of Water Reso of 8/1 3) provided

on page 13 or at: S
http://portal.ncd q/c/doo& I|bral€Ba Fileid=79a7
802c-de83- 4e88 2- cb A8dsebb roupld 38364

To revie \@br Rip &uﬁeré&aﬂon Memos
publis@y DWR, se re “‘DOT and Other Road

Pr(ﬁvg” onth W|n
https://deq. rlparl er- clarlflcatlon-mem

Sheets Sho@a ude:
: Sho xistin an oposed bridge/interior bents and/or

erts
s swal Qwh ata at buffer areas: Shewg&and Qo,
data Il as all other pertinent data described in BMP
olb ormwater Management Plan and grass swale data
tableQunder Microstation main menu/Permits/Buffer
Data Tables/Grass Swale.
porary work bridges and rock work pads or causeways. See
xample work pad plan and profile sheets on pages 11 & 12.
Details for features affecting impact areas; bank stabilization,
swale, structure inlet/outlets, etc.
Roadway centerline, stations with tick marks, sheet match
lines, north arrow and parcel numbers & property owners.

HYDRAULIC DESIGN DETAIL SHEET (if not included on Project Plan
Sheets) Note: For culvert sites with sills and/or baffles, provide culvert
detail(s) and any associated notes such as Native Material.

STORMWATER CONTROL DETAILS (if details are on separate sheets,
include those sheets)

Permit Drawing Guidelines — July 2016 Page 7
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BUFFER IMPACT SUMMARY SHEET - 11" x 17”. (The latest “Buffer
Impact Summary” form can be found on the Hydraulics Unit Web Site
under “Environmental Permit FormsRiparian Buffer (Zone 1 and Zone

2) Impacts are shown to the nearest square foot. Note that there is another
worksheet in this file (see Excel tab) where “wetlands in buffer” square
footage needs to be reported if applicable. This is for NES’s use so that
impacts are not counted twice. Note that a line drawn through and skewed
with each end of the proposed bridge serves as the break between Road
Crossing and Bridge Crossing Impacts. b

* For coastal counties, riparian buffers extend from the limit of the establish
Coastal Wetland boundary. See the Division of Water Quality (changed to Diw
Water Resources as of 8/1/2013) buffer clarification memo dated May 2

Buffer Permit Impact Summary Sheet Key é
(For Items Not Explained Above) Q

1. SITE NO.: site number refe@ged on @er dra@’plan view.
TYPE*: Type of impac} - ros ridge®Parallel Impact -
Place an “x” in the ap te colimn

N

MITIGABLE IMP ne 2

e
ng 1,
BUFFER RE MEN g%ne 1, @ and totals.

WETLANDS IN BUFF ee taD ttom of spreadsheet): To ensure
impacts are not co ice in Kotk wetlands and buffers impacts
summaries, repo etland€ Within buffer zones in units of square feet

for NES'’s use.

C
c
ALLOWABLE IMP%D NZone t" 2 an@ S (Zone 1 plus Zone 2)
o] tals.

o0k w

4 .

*Note¥, The thre t common types of impacts are road
! .

cr @ , &0Fparallel impacts; however, other types of

i .

bri
@cts m t (e.g. temporary road). A column that is not
Qe u

y be used for reporting these impacts, or a new
\O column m

need to be added.

4, Ma@mit (MP) Application Forms (only if required).
A map of CAMA Counties is provided on page 9.

ermits:

. A Wetlands are indicated in the NES WET file, show combined

Q tity in table but indicate separate CAMA Wetland Quantity in a note at
he bottom of the impact summary sheet.

¢ CAMA Major Permit (MP) Application Forms as needed. The forms can be
downloaded fronhttps://deq.nc.gov/about/divisions/coastal-
management/coastal-management-permits/major-permit-applications

Permit Drawing Guidelines — July 2016 Page 8
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CAMA COUNTIES

If your project is one of these 20 counties reflected below and within an Area of
Environmental Concern (AEC), a CAMA Permit may be required.

Legend

North Carolina CAMA County

County Border

NCDOT Division Boundary

|1

NCDOT Division Number

APPENDIX P
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§ PROJECT REFERENCE NO. SHEET NO.
WHTLAND/SURFACE WATER PERMIT| DWG. z
BR/DGE YDRALIL C DATA . ROADWAY DESIGN HYDRAULICS
840 BEGIN | GRADE|-L- STA 10+ 00 DESIGH. . e LEFT DITCH| =—--=—-f—-- ENGINEER ENGINEER
EL = [841.45 DESIGN |FREQUENG =|io YRS RIGHT DITCH == -+ - -
DESIGN |HW ELEVATION = |8046 FT
— | — BASE [JSCHARGE =|2699 | cFs
850 p BASE FREQUENCY =1/00 YRS
BASE HW ELEVATION  =|8099 FT
L sTA 144+5d = OVERTOPPING DISCHARGE = 12500 | CFS
840 Y « : OVERTOPPING ELEVATION =18045 | FT 840
"«1:%,»\\ EL = |815.49 b * ELEV. 80132
= s <539 bPIKE_IN ROOT OF FTREE
= = -<9j7;~\\ DATE OF SURVEY = /07172009 L~ STA.QI+I848, 7650’ LT.

830 | o . 2N W.S. ELEYATION. 830
o i§ ~9 = AT DATE OF SURVEY " |7888 FT

== ‘\
'a_:) 5 ~ \ Pl = I16/F00.00

820 | &le Fl £ - =i EL < 442 BEGIN BRIDGE ) END_BRIDGE 820
zle bla 2 Bl TR~ s D K =64 -L- -03. —= Slp 20+ 7129
sl Bla = 3| G AN e . Vo= 4d MPH
alz Bz b + RENAN T~ * N

810 s ~ L ()

A

T G )

ol8 Ela .

8l 1N = -

200 S N ~ — NWs [488.8 —_—t T T T e — 800
PHEH DRAGLIE—DAT A 2z a‘79°° + { +) 0.3000% = 79;.
- sta.2t7o i & [ = ¥ [{EL. 7908 i pingietis Bt ¥ty i %93
3 - (MIN)) - (71 14549%
DRAINAGE AREA slosz |« z y | 3 ‘X

790 | | DESIGN [FREQUEM =25 YRS =N 1 = S BEGIN PITCH 20}+77(LT) 790
DESIGN | DISCHARG| =[20 CFS Ole o 3 n EL 795016
DESIGN |HW ELEVRATION —=|8223 | FT al® 1 b S
100 YEAR DISCHARGE ~ =|24 CFS gz 4] © -

780 || 100 YEAR mw ELgvATION =| 8224 | FT & P | O =le 780
OVERT 7=[5007 TRS 7 S a =
OVERTOPPING DISCHARGE =| 36+ CFS “ =] % SI®
OVERTOPPING ELAVATION =|82270 | FT ° z °R

770 &l d e ™ 770

10 1 12 13 14 19 20 21 22 23

860 _ 3\ 860

@ ) (413274 1 N
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43325 — =1 = kb
850 \ 5) % & = E 850
K * — - 7 E f f
@ \ == P = 3345000] = 3| I
fa EL = 8546l | = T
840 7l = Gl & 840
\ K = Elo Fl|—
7 Vo= 50 P | 3 5|3 B3
[a] [ O
O > : 2 f
830 — O A 830
Pl = 24+5000 \ _~~ oI8
EL = do32r . () z|[g
VC = 490 \ \ /‘ o|®
820 K,z & X, et e I 820
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-+ =
= — s EL = |860.27
65800 £ 810
3 8
S o
= o ~N
{5800 5 I 800
5 gl o =3
Sl o G — ofx
il I = &le ale
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APPENDIX P

WAT,
of 5;90 Michael F. Easley
d;\ (%) Govemnor
_:0_3 ? William G. Ross, Jr., Secretary
> 3 Dep of Envi and Natural R
o o Coleen, H. Sullins, Director

Division of Water Quality

March 10, 2008
Buffer Interpretation/Clarification #2008-018

MEMORANDUM 6

RE: There has been a need to clarify how to measure the 50-foot buffer at the point where a stream ceases to be piped or “daylights™ \@
(the start point of a stream) as well as how to measure the 50-foot buffer at the point where a “daylighted” stream becomes piped (t

stop point of a stream), per the Neuse River Basin Buffer Rule 15A NCAC 2B.0233(4), the Tar-Pamlico River Basin Buffer Rul

NCAC 2B.0259(4), the Randleman Lake Water Supply Watershed Buffer Rule 15A NCAC 2B.0250(3), and the Catawba Riv @ ¢

Buffer Rule 15A NCAC 2B.0243(4). 0 . 0

Solution: In the case where a stream has been piped and then daylights, the buffer start point of that stream is a *b Raceing 50- \
feet upstream of the pipe. In the case where a daylighted stream becomes piped, the buffer stop point is a “hubble’ 50-fect 0

downstream from the pipe.

*The drawing below illustrates the 50-foot buffer “bubble” at the start and stop points of a stream that @ t o the ab
mentioned buffer rules*

This searario is only o examgle
Apiped stream doea not have fo be wwolved witha
road project. *

— [
NﬁthCmn{l}na
401 Wetlands Certification Unit y
1650 Mail Service Center, Raleigh, North Carolina 27699-1650
2321 Crabtree Boulevard, Suite 250, Raleigh, North Carolina 27604

Phone: 919-733-1786 / FAX 919-713-6893 / Internet: huip://h2o.enr.state.nc.us/newetlands

An Banal Dnnnrmnitul Affrmative Action Fmnlover - S0%, Reeveled/10% Pact Consumer Paner

Permit Drawing Guidelines — July 2016 Page 13



APPENDIX P

Department of Environment and Natural Resources

\\O,.--- Qo Michael F. Easley
9) [ Governor
_5_5 uLQZ ~ Wiliam G. Ross, Jr., Secretary

> 5
Q < Alan W. Klimek, P.E., Director
Division of Water Quality

May 25, 2007
Buffer Interpretation/Clarification #2007-009

MEMORANDUM b

The Division of Water Quality's (DWQ's) stance on riparian buffers in the 20 Coastal Counties per the Neuse Rwer Ba @
Buffer Rule 15A NCAC 02B.0233 and the Tar-Pamlico River Basin Buffer Rule 15A NCAC 02B.0259.

According to the Neuse River Basin Buffer Rule 15A NCAC 02B.0233(4)(a)(iii) and the Tar-Pamlico River 0
Rule 15A NCAC 02B.0259(4)(a)(iii), for surface waters within the 20 Coastal Counties (defined in 15A N 0 \3
within the jurisdiction of the Division of Coastal Management (DCM), Zone 1 shall begin at the mostl

(A) the normal high water level,

(B) the normal water level; or

(C) the landward limit of coastal wetlands as defined by the DCM.

In some instances, the Coastal Shoreline Rule's (15A NCAC 07H.Q209(e) 30- foot sh uffer is b Rsed with
the DCM's coastal wetland line. The Coastal Shoreline Rule requtr w developm t e Iocate ance of 30 feet
landward of the normal water level or normal high water level. Z r the NeuT@n Tar-Pamlic fer Rules begins at

the same point as this Coastal Shoreline Rule buffer. Zone t euse a amhco r Rules extends 20 feet
past the Zone 1 buffers.

However, if DCM flags a coastal wetland boundary i Qeuse an thco B@g)all begin landward of the

coastal wetland boundary line (see diagram below | wetland defined gasynagshlands in G.S. 113-229(n)(3) as
“any salt marsh or other marsh subject to regular smnal d|ng y tidesN ;-» g wind tides (whether or not the
tidewaters reach the marshland areas throug or arnﬂ::@ rcourses @ ed this shall not include hurricane or
tropical storm tides.”

Riparian Buiier Zones
In Coastal Countics

Surface
Water

LLUBTIES ad
vegetation)

(( ,\‘\IA}

Date: 6/ 2 /// 7

One
NorthCarolina
401 Wetlands Certfcation Uni Nﬂ furall, /74

1650 Mail Service Center, Raleigh, North Carolina 27699-1650
2321 Crabtree Boulevard, Suite 250, Raleigh, North Carolina 27604
Phone: 919-733-1786 / FAX 919-733-6893 / Internet: hitp://h20.enr.state.nc.us/ncwetlands

An Equal Opportunity/Affirmative Action Employer - 50% Recycled/10% Post Consumer Paper

Permit Drawing Guidelines — July 2016 Page 14



APPENDIX P

Protocol for Electronic Delivery of Permit Drawings
February 18, 2013

The Natural Environment Section (NES) Project Management Group Leader sends an email
request for Draft and Final Permit Drawings to the Hydraulics Project Manager and copies E

)

The Hydraulics Engineer will then complete the Draft Permit Drawings (hereafter refe
the Draft Permit Package). The Draft Permit Package will consist of a single PDF co the

Roadway Design, Structures Management, Roadside Environmental, and Utilities.

*

following documents, in this order; Stormwater Management Plan (SMP), Perm(DJawingscn\()
Impact Summary Sheets (Wetland, Stream, and Buffer if applicable). The r;g irdd nami

convention for this PDF will be “TIP_Permit Package_Current Date (year day).

When the Draft Permit Package is complete, the Hydraulics En meeQIl send cation
email to the respective Roadway Project Design Engineer indi that th aft rmit
Package has been placed at ”Hydraullcs\PE Enviro DraW| nd ask for their
consistency review. After the con5|step |s co I-gthe R ay Project Design
Engineer will send an email to the cs Engine conflrm e Permit Drawings
agree with the Roadway Plans. T way Pr, esign E@er will then prepare and
place the “PER” PDF files i |n way D| ributi n@rent Plans” directory on the

Project Store.

The Hydraulics and Roadway Proj ign Eng%will then send separate notification emails
to the appropriate NES Region& ager, copying#he NES Project Management Group Leader,
indicating that a PDF of the@®raft*Permit gé and the Roadway Plans, respectively, are
available on the Project@eg The% irfe of the email should be “B-1234 Permit Info from
Hydraulics”. The res @ ive Hydr nd Roadway Project Engineer should be copied on these
Avpaper CQ e Draft Permit Package and the Roadway Plans will not be

notification emai

. \O

After Q and mv@oﬁe Draft Permit Package, the NES Regional Manager will send the
re pe ve Hydr \nglneer and Roadway Project Design Engineer a confirmation email that
ates W r not the Draft Permit Drawings are acceptable and will be used as the Final
|n the Permit Application.

ermit Package is not acceptable, the respective NES Regional Manager will send an
back to the Hydraulics Engineer, Hydraulics Project Manager, and Roadway Project Design
Englneer that describes what revisions are necessary. The respective Hydraulics Engineer will
address comments from NES as needed and update the single PDF of the Permit Package.
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USING NOAA ATLAS 14 WEBSITE TO FIND RAINFALL INTENSITY VALUES

Website: http://hdsc.nws.noaa.gov/hdsc/pfds/pfds map cont.html

Opening page will look similar to the image shown below. Drag the red cross-hair pointer over North
Carolina on the map and click on it once.

)_g(\zgﬂamp:_ /hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html D'EGHQPFDS:[nnngunusus | ‘
File Edit View Favorites Tools Help

7[5 1X05 Is Now Open Text £ NCDOT M North Carolina Local User... £ Suggested Sites 3| UsaScanning Paperless Di... il USGS Index Maps from 0. £|VADOQQs £ Web Slice Gallery +

NOAA's National Weather Servfce

NOAR
(\D"/ Hydrometeorological Design Studies
Precipitation Frequency Data Server (PED

Home Site Map News Organization

G:“m' (i NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY
omepage

Current Projects DATA DESC Change data type to precipitationA,

FAQ

Glossary Data type{ precipitation depth ) | Units: [english \| Time series type: | partial duration \ & J
~—

Precipitati
Frequency (PF) SELECT LOCATION

PF Data Server 1. Manually:
* PFin GIS Format a) Enter location (decimal degrees, use "-" for S and W) Iil ‘)-‘
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Temporal Distr.
= Time Series Data 2. Use map:
« PFDS Perform.

PF Documents

b) Select station (click here for a list of stations Qs uency analy5|

- a) Select locati
“_:===[ (move crossha
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(D show stati

Probable Maximum
Precipitation (PMP)
PMP Documents

QUEBEC

Miscellaneous
Publications
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Ottawa Montreal
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Record
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See next page fo
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APPENDIX Q

For this example, use the NOAA Station “RALEIGH NC STATE UNIV (31-7079)" location.

Selecting this station generates the following table (scroll down to view table) of precipitation intensity
values for specified recurrence intervals and durations:
= le =

'_QQEH& hittp:// hidsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html p-Be H & PFDS: Contiguous US | ‘ {0 3 23
Eile Edit Wiew Favorites Tools Help

1

7 [88d 1XOS Is Now Open Text £ NCDOT BBE North Carolina Local User... &) Suggested Sites » ] UsaScanning Paperless Di... il USGS Index Maps from 0. 2] VADOQQs £ Web Slice Gallery v
POINT PRECIPITATION FREQUENCY (PF) ESTIMATES

WITH 90% CONFIDENCE INTERVALS AND SUPPLEMENTARY INFORMATION
NOAA Atlas 14, Volume 2, Version 3

PF graphical

PF tabular Supplementary information

@0

PDS-based precipitation frequency estimates with 90% confidence intervals (in inches/hour)’ 0
Durati Average recurrence interval (years) \
uration
1 2 5 10 25 50 100 200 |
5-min 434 564 6.49 721 7.96 8.50 8.98 938
443527 | (513-616) | (5.98-7.08) || (661-785 | 26868 | @72924) || 211977 | (244-102) 0.7)
10-min 3.86 4.51 520 517 6.34 6.76 713 .
(3.54-421) (4.15-4.83) (4.78-567) (5.29-6.28) (5.78-6.90) (6.14-7 36) (6.44-7.76) (6.94-8 48)
15-min 3.22 3.78 438 4.86 5.36 511 6.01 6.53
(2.95-3.50) (3.47-4.13) (4.03-4.78) (4.46-5.30) (4.89-5.83) (5.19-6.21) (5.43-6.54) (5.682-71
30-min 2.20 2561 3.12 3.52 3.97 430 456
(202-240) | (240-285) | (286-340) || (323-384) | (62437 | (391468 || (4165 433531 | @
50-min 1.37 1.64 2.00 2.29 4 2.91 3.42
(1.26-1.50) (1.51-1.79) (1.84-2.18) (2.10-2.50) (2.412R88) (2.85-3.17) (2.88-3 4 (3.07-3.72) 08) (3.51-4.34)
2-hr 801 0.958 1.18 1.37 5 1.78 13 2.13 2.55
(0.730-0.880) || (0.876-1.05) (1.08-1.30) (1.24-1.50) (1.80-1.94) 294) (1.89-2.33) 8) (2.22-2.79)
ahr 0.564 0.676 0.837 0.975 1.30 1.79 1.95
(0516-0.620) || (0.620-0.743) || (0.763-0.919) || (0.83751.07 (116, "2e-1.57) (1.56-195) || (1.69-2.13)
&hr 341 0.409 0.506 0.58 I 0 0.881 . 1.21
(0.313-0.373) || (0.375-0.448) || (0.463-D.553) || (0.533=0 B: (0.633-0.760) || (0.7y-0W88) || (0.787-0.958) (0.964-1.20) (1.05-1.32)
12-hr 0.200 0.240 0.298 341 0.416 0. 0.532, 0.679 0.752
(0.184-0.219) || (0.220-0.262) || (D.273-D.325) 0.3 (0.377-0.45; 6 513) || (0.474- (0.588-0.733) || (0641-0.812)
24-nr 0.120 0.144 0.181 0.249 0.281 3 . 0390 0.426
(0.112-0.129) || (0.135-0.156) || (0.169-0.138) Y\(0.198-0.226) || (3.231-0.2 260-0.302) | ¢ Y (0.218-0.372) || (0.358-0.421) || (0.388-0.450)
o-da 0.069 0.083 0.10: 0.120 141 0.158 4 0.194 0218 0.237
y (0.064-0.074) || (0.078-0.089) 11 (0.111-0.128) 152) || (0.146-0.17] 189) || (0.178-0.208) || (0.200-0.235) || (0.216-0.256)
3-day 0.049 0.059 0.084 g 11 123 0.135 0.152 0.165
(0.046-0.052) || (0.055-0.083) || (0.08€-0.078) || (0.078-0.0! .0g2-0.106) || (0.102-G1 113-0.132) || (0.124-0.145) || (0.139-0.163) || (0.151-0.178)
4-day 0.039 0.046 0057 0.0 0.077 0 0.096 0.106 0.119 0.129
(0.036-0.041) || (0.043-0.050) || (0.053-0.061) || N-0F#D) [Jr0.072-0.083) 30-0Wg3) || (0.089-0.103) || (0.098-0.113) || (0.109-0.128) || (0.118-0.139)
74 0.026 0.031 0.037 0 0.050 0.061 0.067 0.076 0.082
ay (0.024-0.027) || (0.029-0.033) || (D.035-0.040) || (094D-0WM5) || (0.046-0.05] 2-0.059) || (0.057-0.085) || (0.062-0.072) || (0.070-0.081) || (0.075-0.088)
10-day 0.020 0.024 0.029 0.033 0.038 42 0.047 0.051 0.056 0.061
(0.019-0.022) || (0.023-0.026) || (D.027- (D,E -0.035) || (0.036-0.041) -0.045) || (0.043-0.050) || (0.047-0.054) || (0.052-0.060) || (0.056-0.065)
20-da 0.014 0.016 0. 0.021 0.025 0.027 0.030 0.032 0.035 0.038
Y || wo13-0ms) || 0.015-0017) || 01300 (0.020-0.02%) J, (0.9g3-088g) || (0.025-0.020) || (0.027-0.031) || (0.030-0.034) || (0.033-0.038) || (0.035-0.041)
30-da 0.011 0.013 0.016 0.017 9 0.021 0.023 0.025 0.027 0.028
Y || 0.011-0012) | (0.013-0.014 15-0.016) || (0.046-0.85) .021) || 0.020-0.022) || (0.021-0.024) || (0.023-0.026) || (0.025-0.020) || (0.026-0.030)
45-da 0.010 0.011 013 0. 0016 0.017 0.018 0.019 0.021 0.022
y (0.009-0.010) || (0.01120.0 012-0.014) || (0@3- (0.015-0.017) || (0.016-0.018) || (0.017-0.019) || (0.018-0.021) || (0.020-0.022) || (0.021-0.024)
60-da 0.009 £ 0.011 \ 0.014 0.015 0.016 0.017 0.018 0.019 v
Y N NNR-0 DNaY (1] -0 N N 011-0 0121 n - 1131 N 013-0015) (0 N14-0 N1AY 0 N15-0 N7y N 016-0 0181 (0 N47-0 019y 0 N13-0 N2m >
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