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| NTRODUCTI ON

Thi s docunent provides guidance in the nethods, procedures,
policies, and criteria that nust be followed, and the information
that is to be devel oped during a drainage study and hydraulic
design. It is not intended to be an all inclusive docunent on the
practice of hydraulic engineering, and the designer nust reference
other materials and use good judgnent in its application to ensure
that the design is conplete and appropriate for the site. (Fhe
AASHTO Hi ghway Drai nage Cui delines (1)and Mddel Drai nage Mnua
(2)are recommended as primary references for drai nage design.

The engi neer is encouraged to apply ingenuity and. consi der
new and differing concepts and procedures in the design process:
However, all specified nmethods, procedures and criteria presented
in this guideline nust be followed unl ess approval ‘for variance is
given by the State Hydraulics Engi neer or his dellegated
representative.

Al'l referenced design forms, reports and checkists are to
be conpl eted and i ncluded with the Hydraulics Desi gn_Package. The
Hydraul i ¢ Desi gn Docunentati on Sunmary Sheet (Appendix IltemA) is
to front the design package and nust inelude the ‘seal of the
engi neer performng or directly responsible for ‘the work. All
Bri dge and Cul vert Survey and Hydraul i'c Desighs Reports will be
i ndividually seal ed by the responsij bl'e engineer.

Addi tional docunents required for/ipl ementation of
procedures, or suggested as further i-nf'ormational resources, are
noted as references within (the guideline text and listed in the
reference section.
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1. CGENERAL DRAI NAGE POLI G ES AND PRACTI CES

North Carolina |ong adhered to the Civil Law Rule in regard
to surface water drainage. This rule obligates owners of |ower
land to receive the natural flow of surface water from higher
lands. It subjects a |andowner to liability whenever he
interferes with the natural flow of surface waters to the
detrinment of another in the use and enjoynent of his |land. (/Since
al nost any use of | and involves sone change in drai nage and wat er
flow, a strict application of the civil law principles was
i npracticable in a devel oping society. Thus, a nore noderate
application of this rule to allow a | andowner reasonabl'e use~of
his property evol ved.

The North Carolina Supreme Court formally. adopted the Rul e of
Reasonabl e Use with respect to surface water _drai nagesand
abandoned the Civil Law Rule (Pendergrast V.\ A ken) ~in, August
1977. The adopt ed Reasonabl e Use Rul e al Fows each handowner to
make reasonabl e use of his | and even though by doing 'so, he alters
in sone way the flow of surface water thereby harm ng ot her
| andowners, liability being incurred<onlky when this harnfu
interference is found to be unreasaonabl e and Causes substanti al
damage.

There are still some unanswered_ questions in the application
of the adopted Reasonable Use\Rule to specific areas of State
agency activities. However,‘the rulevws inline with the realities
of nodern life and will «proyide just, fair and consi stent
treatment. Therefore, the policies and practices of the Division
of Hi ghways in regard to " surface-drai nage matters follow this
rul e.

ENG NEER S RESPONSI BI LI Y

The Reasonabl e Use Rule places responsibility on the
"lsandowner" t0 make reasonabl e use of his land. Wile "reasonable
use" is open for . interpretation on a case by case basis, it would
certainly infer~from an engi neeri ng standpoi nt that provisions
for, ;and treatyrents of, surface waters on the property are nade in
accordance w th sound, reasonabl e and acceptabl e engi neeri ng
priact i.ces.n. (Therefore, the Engi neer nust see that these principals
are“reflected in the design process.

The rule also states that liability incurs only when harnfu
i nterference with the surface water is found to be unreasonabl e
and ‘causes substantial danage. Therefore, it is incunbent on the
Engi neer to evaluate the potential effects of surface water
activities on both up and downstream properties and to include
provision in the design to hold these effects to reasonable
| evel s.
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These types of engineering practices, considerations and
their proper docunentation are contained in these H ghway Drai nage
CQuidelines, as well as in other referenced materials.

The followi ng are general drainage policies and practices of
the North Carolina D vision of H ghways involving both design and
mai nt enance activities.

AUGVENTATI ON, ACCELERATI ON

Devel opment of property can cause an increase in the quantity
and peak rate of flow by increasing inpervious areas and proyidi ng
nmore hydraulically efficient channels and overland flow. Lt s
the policy of the Division of H ghways to devel op and make ‘teason-
abl e use of its lands and rights-of-way through sound, reasonable
and acceptabl e engi neering practices and to deny responsibility
for augnented or accelerated flow caused by its inprevenents
unl ess determ ned to cause unreasonabl e and substanti.al damages.

It is |likewise the policy of the D vision of H ghways to expect
this same practice and acceptance of responsibilfity by ot her
property owners and those engaged in the developnent of_ these
properties.

DI VERSI ONS

Di versions are defined as the act'/0f altering the path of
surface waters fromone drainage outdet to another. It is the
policy of the Division of H ghways “to designand maintain its road
systens, so that no diversions are.created thereby, insofar as is
practicable from good engi neeri ng..pract.i.ce.

Any person(s) desiringstorcreate a diversion into any hi ghway
rights-of-way shall do sosonky afterwreceiving witten perm ssion
This permission wll be. granted only after it has been determ ned
that the additional flow,.can be‘properly handl ed w thout damage to
the highway, that the coest faor any required adjustnents to the
hi ghway system wi | |.be borne. by the requester, and that
appropriate considerati on @and neasures have been taken to
i ndemni fy and savenharniess~the Division of H ghways from
pot ent.hal downstream danage clains. It is Division of H ghways
pol i.cy »not .t 0 “becone awparty to diversions unless refusal would
create a consi-der abl evand real hardship to the requesting party.

KNVPROVENENTS AND “MAI NTENANCE OF DRAI NAGE W THI N THE RI GHT- OF- WAY

Drai nage, structures and ditches shall be kept open and
mai-ntai ned aty.a functioning | evel such that they do not present an
unreasonabhe“l evel of damage potential for the highway or adjacent
properti‘es.

VWhere the el evation of the flowline of an existing culvert
under~a highway is not | ow enough to adequately provide for
natural drainage, the Division of H ghways wll assune ful
responsibility for lowering the culvert or otherw se provide
needed i nprovenent.
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Where a requested culvert invert adjustnent is a result of a
property owner lowering the flowline of the inlet and outl et
ditch in order to inprove drainage of his property, the follow ng
consi derations shall be given to the action taken:

The | owered drain nmust have a reasonabl e expectancy of
bei ng functional and nai nt ai nabl e.

Di vi sion of H ghways participation (up to full cost) nust
be based on benefit gained by the roadway drai nage system
as a result of the |owering.

VWhere the newinstallation is of doubtful, or no benefit
to hi ghway drai nage, the requesting party nust bear the
entire cost of installation.

Where the size of an existing highway cul vert -i's_det erm ned
to be of unacceptabl e adequacy in regard to the roadway system
functioning as a result of a general overall developnent(of the
wat ershed, it is the D vision of H ghways' responsibility to
repl ace the structure or otherw se take appropri ate act'on.

Where this sanme cul vert inadequacy iss“the result of a single
action or developrent, it is felt to falk wthinstthe real m of
"unreasonabl e and substantially damaging" underthe State adopted
drai nage ruling. Therefore, the party responsible for the action
or devel opnent shoul d bear the costyof replacenent.

Where a new cul vert crossing.is requested, if the culvert is
requi red for proper highway drai nage“or/sufficient benefits to the
hi ghway drai nage system would.'eccur, (the full cost will be borne
by the D vision of H ghways ‘providing there is no diversion of
flow i nvol ved. Were thenew i nstallation is of doubtful or no
benefit to highway drai'nage, the _property owner will bear the
entire cost. Wen bethwparties receive benefit, a joint effort
may be negoti at ed.

Est abl i shed! cul vertscrossings will be maintained and requests
to elim nate any.cul vertyshoul d have the approval of the State
Hydr.auli cs  Engi neer .

When—new priyate drives are constructed entering the highway,
thhe property ownéer can furnish, delivered to the site, the anount,
type and 'si ze' pi pe designated by the Division of H ghways, to be
instal | ed by “mai nt enance forces.

No al teration, attachment, extension, nor addition of

appurtenance to any culvert shall be allowed on highway rights-of-
way W thout witten perm ssion.
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| MPROVEMENTS AND MAI NTENANCE OF DRAI NACGE OUTSI DE THE RI GHT- OF- WAY

VWhile it is the responsibility of the Division of H ghways to
provi de for adequate drainage for constructing and mai ntaining the
State Hi ghway System it is not its policy nor responsibility to
provi de i nproved drainage for the general area traversed by such
roads, unless incidental to the drainage of the road or highway
itself. Drainage involvenent outside the highway rights-of-way is
limted to two general areas of justification:

Sufficient benefit could be gained by such action te
warrant the cost. These benefits would be in such ‘areas
as reduction in roadway flood frequency or extent;
facilitation of maintenance, or a reduction in~potential
damages.

Wrk is required to correct a problemor condition‘created
by sone action of the D vision of H ghways.

It is not the responsibility of the D vision of ‘H'ghways to
elimnate flooding on private property that i~ not «attributable to
acts of the agency or its representative;

In general, outlet ditches wll be maintained for a
sufficient distance bel ow the road tio\provi deradequate drai nage
therefore. On large outlets serving.considerabl e areas outside
the right-of-way, the maintenance shoul d bhe-done on a cooperative
basis, with the benefited properties bearing their proportionate
share. Shares will, in general, be based on proportioning of
runoff fromthe areas served by the_outlet.

It is not the policy“of thesDivision of H ghways to pipe
inlet or outlet drainsy matural “oryartificial, outside the right-
of -way, which existed as open drarns prior to existence of the
hi ghway. \Where the.property.owner wi shes to enclose an inlet or
outlet, the Division of Hi ghways nmay install the pipe adjacent to
the right-of-way(if, justified by reason of reduced nai ntenance,
saf ety or aestheties if the pipe is furnished at the site by the
property ownery* Thi sdoes not apply to the devel opnent of
conmerci al preperty.

OBSTRUCTI'ONS

It is thewpolicy of the Division of H ghways that when a
drainis blocked bel ow the highway, which is detrinental to
hi ghway drainage, if fromnatural causes, the Division of H ghways
will take necessary neasures to renove the block or obstruction.
Where the block is caused by wongful acts of others, it is the
policy,of the D vision of H ghways to take whatever recourse
deened advi sabl e and necessary to cause the party responsible to
renmove the block. Were a block occurs downstream of a hi ghway,
whet her natural or artificial, and is of no consequence to the
D vision of Hi ghways, it is the policy to remain neutral in
causing its renoval
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State Statute (G S. 136-92) provides that anyone obstructing
any drains along or leading fromany public road is guilty of a
m sdeneanor .

DRAI NAGE EASEMENTS

Where runoff is discharged fromthe right of way at a point
where there is no natural drain or existing ditch, a permanent
drai nage easenent is required to allow construction of a ditch or
channel to convey the discharge to an acceptable natural outlet.
Wen the discharge is into a natural drain or existing ditchgsand
the increase in fl ow woul d exceed the capacity or otherw se~cCreate
a problem a tenporary drai nage easenent can be obtai ned ‘tolal | ow
enlarging or otherwi se inproving the drain to a point where the
i ncrease discharge will not cause danage.

It is generally preferable that any structural-feature‘such
as a drop inlet, catch basin, or pipe-end be contained w thisn a
per manent easenent.

DAMS AND | MPOUNDIVENTS

It is the policy of the Division of ~H.ghwaysst otdi scourage
the | ocation of roadways on dans due to.the increase in potential
for long term mai ntenance and repl acenent cost.“ln those instances
where a defined advantage nay be gaimed or acsubstantial savings
in funds may be realized, the use_ of va damfor a roadway may be
favorably consi dered.

Where it is determ ned that a damawl| be utilized as a
roadway the follow ng criteria-nust_bejnet:

It nmust have approval certification from DENR pursuant to
the State DamsSafety Law of 1967, when applicable.

Al'l pertinent data regarding the design of the enbanknment
and i npoundment strwcture nmust be presented to the DOT
for revi ew

Top section of the dam nust be equal to the approach
roadwayssection w dth (shoul der to shoul der) plus a
m_nifmum of 4-feet.

GQuardrail iswequired on the inpoundnent side of the
readway.

The spilhway will be designed to provide a m nimum
freeboard at the roadway shoul der of 2 feet for a 50-year
i mpoundnent | evel .

Means of draining the | ake conpletely will be provided.

Design acceptance or approval by the D vision of H ghways is
limted to the use of the damas a roadway only, and is in no way
i nt ended.sas approval of the enbanknment as an i npoundment
st ructure.
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Responsibility incurred by the D vision of H ghways when a
section of roadway crosses a damis accepted as a part of the
state mai ntenance systemis limted to maintenance of the roadway
for highway purposes from shoul der to shoul der only.
Responsibility for the inpoundnent, any damage that may result
there from and mai ntenance of the enmbanknent or appurtenances as
may be required to preserve its’ integrity as an inpoundnment
structure shall remain with the owner of the inpoundnent. Any
mai nt enance work will be subject to the provisions of G S 136-93.

| npoundnent of water on highway rights-of-way may be al l.owed
under the followng criteria:

The i nmpoundnent does not adversely affect the right's-of -
way for highway purposes.

Adj ustnments as required (ex. flattening sl opessyri‘p rap
sl ope protection, structure nodifications, etcs) shalli/be
the responsibility of the encroaching party-

SUBDI VI SI ON STREETS

When roads and streets built by others are accepted onto the
state system for mai ntenance, responsibility~for the drai nage
system discharge pattern and outlet |ocatihons israstit exist at
the tinme of acceptance and is limted to\the rights-of -way.

I nformation on design, review and approval requirenents is

provided in the reference (3), “Subdivisi onsRoads- M ni mum
Construction Standards”
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I'11. PRE-DESI GN STUDY AND REPORT

Prior to comencing detailed design or field studies, the
project is to be reviewed in general to famliarize the engi neer
with the project requirenents. Field and office data are to be
coll ected and reviewed to determ ne what additional information is
required during the field reconnai ssance and survey stage. At
this time, |ocal highway mai ntenance personnel are to be contacted
for their input on problem areas and ot her pertinent information.
Speci fic methods, procedures and criteria are al so addressed at
this stage. Unit design engineers are to conplete this phaseswith
a "pre-design review neeting" with their project engineer. Private
engineering firnms are to hold this neeting with the unit'is'project
engi neer responsible for consultant coordination. The units or
private project engineer is to prepare a draft |isting-ofstopics
and information for discussion at the neeting. He is to add.to
this docunentation, actions and deci sions agreed to at the.review
nmeeting resulting in a summary docunment for inclusion in_the final
project report. The section of the "Check List flor Drainage Study
and Hydraulic Design" - Appendix ItemB, identified as'Prior to
Field Survey is to be conpleted and approved at thi s<Stage.
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V. FI ELD RECONNAI SSANCE AND SURVEY

The Location and Survey Unit is to provide special survey
data required by the hydraulic engineer for the design study. The
type and presentation format of this data is provided in the
Locations Units’ “Hydraulic Survey Guidelines”. For specialty or

unusual projects the Location Engineer will coordinate with the
Hydraulics Unit to identify data requirenents during the initial
stage of the survey. The hydraulics engineer will supplenent the

| ocation data with survey and informational data obtained during
his field reconnai ssance and site visit. Review of the project in
the field prior to conmencing detailed design is a requirenents of
the engineer with primary responsibility for the drai nage study.
The purpose of this field trip in addition to obtaining

suppl emental survey data is to:

vi sual |y acquai nt the designer with conditionstand
constraints of the site

verify data obtained from other sources

identify ponds, |akes, reservoirs and ‘other storage areas
whi ch af fect discharge rates

revi ew exi sting drai nage features, and obtain information
on performance

review potential outlet channels faor .performance and
adequacy

identify sedinment sensitive areas such as | akes, ponds,
and devel oped stream areas

revi ew contri butivng-wat ershed characteristics

revi ew and obt aisn desi gn i'nformati on on environnental
areas of concern such_as wetlands and special fishery
streans (State QG+Simapping is a good resource)

obt ai nidetai |l s ©f) size, location, length, material type
and, condi ti onfof“exi sting drai nage structures. Wen
exi sting box ‘eulverts are to be extended, top slab and
cent er wald, thickness nust be obt ai ned.

obtai n _historical flood and other streamflow i nformation
such ‘as»(al so see channel data collection, Section |IX)

maxi mum and other large flood levels at as well as up
and down stream of the study site

dates of these occurrences

very frequent flooding |evels (exanples: annual,

2 year, 5 year)

channel scour and instability

drift potential, size and quantity

conveyance of existing crossings including roadway
overtoppi ng, damage and tinme of closure

descriptive photographs of site
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Al l

exanpl es of additional survey data and suppl enent al
t opogr aphi cal information:

el evations of flooding

el evation of up and down stream features which could
control the design such as buildings, roads, yards,
fields and other drai nage structures

stream bed el evations a sufficient distance up and
down streamto establish |ocal stream gradient

fl oodpl ai n and channel cross-sections for backwater
anal ysi s and channel realignnents

devel opment and cover in floodplain for determ-nation
of flow resistance and distribution.

Ceneral description of stream bed and bank nmaterial s
(clay, silt, sand, gravel, cobble, rock). N
extensive rock is visible explore extent~hy probing
on culvert size streamnms for possible feoting.

| ocate areas where berm ditches are needed.

Addi tionally for urban sections:

Locate and obtai n el evati ons «of lxow areas ‘back of
proposed curb for special pickups

Locate small inflow systens such as~reof and basenent
dr ai ns.

Revi ew and obtain the followi'ng type i=nformation for use
in bridge scour analysis:

Descri ption of filoodplain‘and channel material. |If
sand or silt, i/ M fine, wedi umor coarse?

(bserve exi sting structure for evidence of scour and
condi tion around footings and supports.

Verify or obtain channel cross-sections under bridge
and at l.ocations at |-east two bridge | engths up and
down st.ream

El evati‘on and(l oacati on of deepest point in channel.

| f Vi sible, “\noete type and condition of existing

f eundat i on{

Revi‘ew'site conditions and obtain precise limts and
classification of wetlands and jurisdictional streans for
perm t appl Fcati on.

per tinent data and facts gathered through this field

reconnai ssance and survey are to be docunented on work plans,
fi.el’ld notes,or other forns suitable for submttal wth the final

pr oj ect

report. The section of the "Check List for Drainage Study

and Hydraulic Design" - Appendix ItemB, identified as field study
is to'be“conpleted prior to conpletion of the field study.
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V. DRAI NAGE PLANS

The devel opnent of a drainage plan as described in this section is
directed toward hard copy drawi ngs and a non-el ectronic process of
pl an devel opment and data supply. It is now conmon to utilize

el ectronically gathered data supplied on terrain nodels, CADD
drafting and automated desi gn packages such as GEOPAK. Even with

t hese advanced tools available to the engi neer the basic drai nage
pl an devel opnment concept is still applicable. The engineer is
directed to consider this in applying the follow ng procedure.

A copy of the project prelimnary roadway plans with the pro-
posed roadway section and construction limts noted is to be used
as work plans to develop a pencil sketch type |layout of tthe
proposed drai nage features. The sequence of devel opnment of” t hese
pl ans shoul d be as foll ows:

(1) Confirmand add as necessary all existing drai-nage features
(structure type, size, elevations).

(2) Note all existing drainage divides, flowdirectionsy ditches,
channel s, etc.

(3) Confirmand add information addressi=ng-utiligties, that may
af fect drai nage features.

(4) Plot any special ditches or other topographical features
identified during field surveys“and ngt ncl uded on the
pl ans.

(5) Make notes of design controls identified during data
collection and field suryvey stage:

(6) Determ ne and evaliuat'e' the patterns of surface flow as
af fected and developed by the,project construction. (Note
fl ow direction andvconcentrations as needed for clarity in
red).

(7) Develop a schene and ‘| ayout of drainage features (bridges,
box cul vert's,~pi pes,) 'storm drai nage systens, ditches,
channel s, etc.) toproperly convey surface flow wi thin and
adj acent~to the project. Note these features on the plans in
red.

(8) Utilizing‘procedures presented in the foll ow ng section of
t hese guidelines, performthe design studies required to
det ai l¢ each drai nage feature (type, size, location, material,
etc.).
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(9) Docunentation of the design detail of each individual feature
W Il be provided as directed in the related section of the
guideline. A short summary of information relating to each
feature shall be noted on these work plans and consist of the
followng as a m ni num

| ocation by station, skew or other descriptive detai
type, size and materi al

el evations (invert, grade, etc.)

dr ai nage area

desi gn di scharge and el evati on

base di scharge and el evati on

overtoppi ng di scharge and el evati on

(10) Plot stormdrai nage system profiles including:
pi pe and inlet inverts
utility crossings
hydraul ic grade line (water surface profile)

(11) Note all special channel and ditch detai+i ng i«ncl udi ng
speci al grades and permanent |ining requi«enments.
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VI. HYDROLOGY

The hydrol ogi cal anal ysis phase involves the determ nation of
di scharge rates and/or volunes of runoff that the drai nage
facilities will be required to convey or control. Many
hydrol ogi cal methods are avail abl e and nost can be appropriately
and effectively used under proper control and application.
Particul ar net hods recommended for hi ghway drai nage studi es and
circunstances for their use are |listed below. \Wen the site
i nvol ves a FEMA fl ood study area, discharge nethods and val ues
provided in the report will take precedent over these nethods for
determ ning conpliance with the regulation. The results fromtany
hydr ol ogi ¢ procedure should be conpared to historical site
information and adjustnments nmade in the val ues estinated ‘or
procedure used when deened appropriate. The desi gner nustyal so
consi der potential future land use changes w thin a watershed .over
the life of a roadway structure and include this effect/when
estimati ng design di scharges.

VETHODS

Rural Watersheds - > 1 ni? The procedures and“val ues_present ed
Peak Di scharge in U S Geological Survey;y Water Resources
| nvesti gati on Report 87-4096 (4), “shall apply.

< 1ni? The hydrol egi ¢al procedure and

charts presenteddin Appendirx C, N. C. Division
of Hi ghways Hydrelhogi ¢ Charts-1973, (C200.1 and
C200. 2) shal | /be-used.

Urban Watersheds - < 10 acres |If watershed is primarily

Peak Di scharges conposed of pavenent, grassed shoul ders and
sl opesypand/ or other m xed surface type runoff,
use (rati-onal formul a for di scharge
determnation. |\ f predom nately residenti al
t ypevdevel.opnent wi th natural drainage
channel s;~.use H ghway Charts C200.1 and
C200. 3.

> 1Q acres < 100 Use Hi ghway drai nage charts
(C200.1 and C200.3). If areas

have greater than 50% i npervi ous cover and/or
extensive storm drai nage systens, a speci al
procedure such as routing is recommended.

The HEC-1 and NRCS, TR-20 are wi dely used
routing procedures. Determ nation of specific
sites for special study and selection of a
desi gn procedure nust be approved by the

Revi ewi ng Engi neer. This item should be
addressed in the pre-design neeting.

> 100 acres Use the procedure presented in U S
Ceol ogi cal Survey Water Resource |nvestigation
Report 96-4084(5).
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Vol une of Fl ow The procedures presented in U S. Geol ogi cal
Survey Report 96-4085(6) for developing a
runof f hydrograph can be utilized to
determ ne flow volune. For estinmating purposes
or m nor inpoundnent (<1 acre-foot) a
sinple triangul ar hydrograph as descri bed
later in this chapter can be used.

APPLI CATI ON GUI DANCE

"U S.GS. Witer Resources Investigations Report 87-4096"

Regi onal regression equations are provided on Page~17 of t#hi's

ref erence docunent (4),for ungaged sites. For gaged sites, \the
di scharge estimate is to be determi ned by wei ghting the regional
and station estimates (See Equation 5, Page 18). For sites on
gaged stream and having a drai nage area within50% (0.5-to 1.5)of
the gage site, the discharge estimate is to be transferred from

t he gage in accordance to Equation 6, Page“l19.

Log- Pearson Type Il Station flood di scharge values are presented
in Tabl e 1, Page 45-52. These values’w ||l be.periodically
updat ed by USGS.

"H ghway Charts” (Appendi x C)

The rural areas charts C200.1% and C200:2 are to be used
within the limts previously neted+ (The procedure for
use is as foll ows:

(1) From Chart C200."1 determ ne the hydrol ogi ¢ contour by
| ocation of the structure site. Interpolate to 0.5
contour Lnterval.

(2) Determine: - ‘Drainage area (acres or m?)
< Wat ershed shape factor
(A L2)

A ar ea
L | ength
- Percent forested cover

(3) «Enter chart C200.2 with drai nage area and hydrol ogi ca
cont our and read discharge.

(4)» For discharges other than B0, apply frequency
adj ustnent factors shown on chart.

(5 Enter charts C200.4 and C200.5 to determ ne adj ust nent

factors to be applied to above val ues for percent
forested cover and watershed shape.
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NOTE: The forested cover value can be used to reduce
di scharge only when the watershed is
mount ai nous, wetl ands, or a designated preserve
area where clearing is very unlikely.

The nmultiple of the two adjustnent factors
cannot exceed the limts of 0.7 and 1.5.

The urban chart, C200.3 is to be used within the limtations
previously noted. Procedure for use is as foll ows:

(1) Fromchart C200.1 determ ne the hydraulic contour to.the
nearest 0.5 interval

(2) Determne the type and relative density of deyvelopnent.
This should be a projection of conditions based’ on
potential future devel opment over the life~of.'t he
structure. The devel opnent types as noted.on thechart
ar e:

- Residential -H gh Type; This is«suburban/type
devel opment with lots sizes >0.5 acres

- Average Devel opnent; Small.lots < 0.5 ‘acres or
m xture of residential and.sonme snmal |l <busi ness

- Large Area Full Business; \Area >~75, acres, no
nmore than 50% I npervi ous” cover oOr._extensive storm
dr ai nage systens

- Small Area Full Busi‘ness; Area-< 75 acres no
nmore than 50% I nper vious cover or extensive storm
dr ai nage systens

(3) Enter chart C200.3 wrth drai nage area and hydraulic
contour and readydi“schar ge:

(4) Apply appropriate adjustnent factor for devel opnent
t ype.

(5) For discharges-other: than QLO, apply frequency
adj ustent factors shown on chart.

"Rati onal Forwul a"

The rational formula estimates the peak rate of runoff (Q

in ft3's as a*function of drainage area (A), in acres

runofif coefficcirent (C), and nean rainfall intensity (1)

i n~.nfh foria duration equal to the time of concentration (t.),
the tinme tequired for water to flow fromthe nost

hydraul i'cal'ly renote point of the basin to the | ocation of

anal ysi s;

Q=0dA
Use [imtations are noted previously in the guidelines. For

expanded di scussion of the rational formula see "FHWA, Hydraulic
Engi neering G rcular No. 22"(7)
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Sone specific criteria are:

A = 10 +/- acres maxi mum (Wien the watershed for a
continuous stormdrain systemis greater than
t he suggested maxinmum it is acceptable to
exceed this val ue)

= Use highway charts C200.7, C200.8, C200. 9.
(Appendi x C).Interpolate between cities faor
ot her points. The Hydrain programw || provide
val ues based on |l atitude and | ongitude
| ocati on.

C = Use a weighted value = GA /A

Tabl e 4-2 provides sone often used val ues:

TABLE 4-2
TYPE OF SURFACE C
Pavement 0.7-0.9
Gravel surfaces 0.4-0.6
Grassed, steep slopes 0.3-04
Grassed, flat slopes 0.2-03
Woods 0.1-0.2

Ti me of concentration (t.) = Use Kinematics wave
equation for overland flow.tine. See page 3-8,
Hydraul i ¢ Engineering Cirecul ar No. 22, (6).
Mnimumt., - 20, mn.

USGS Report 964084“Esti matien of Fl ood- Frequency
Characteristics of “Smal | *Uban Streans in North Carolina”

Urban regression equations are provided on page 14 of this
reference; Detaill s are provided on page 17 for use of the
equat i ons.

“Snyders, Synt hetd.e. Unit Hydr ograph”

This procedure can be utilized to devel op a desi gn hydrograph
assSociiated with a peak flow. It can be perforned with or w thout
preéeci pi tatj'on and surface runoff data. |t provides a graphical
depi cti.en.of runoff as a function of tine as well as an estinmate
of runoffy volune. FHWA, Hydraulic Design Series No. 2(8) and No.
22(7)4 rare reference sources for detailed direction in this
procedure. The Hydrain conputer program al so includes this design
al ternate.
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“Triangul ar Hydrograph Storage Estinmate Met hod”

Devel op infl ow

1. Determ ne peak discharge Q
2. Estimate tine of concentration Tc
3. Calculate tinme to peak Tc + 0.6Tc(hrs.) Tp
4. Calculate total tinme Tp x 3 T
5. Cal cul ate average

di schar ge 0. 33Q Qa
6. Calculate total runoff

vol ume Qa/ 12 x T=(acre-feet) Q

Det erm ne outfl ow

1. Determ ne avail abl e storage (acre-feet) s
2. Cal cul ate net runoff Qa - & @9
3. Cal cul ate average outfl ow O x 12/ T= (cfs) Qao
4. Cal cul ate peak outfl ow 2 x Qao Quo

ANALYSI S PROCESS

The overal |l hydrol ogic analysis for a project begins.wth review
and extrapol ation of pertinent information from data

sources identified during the pre-design study.( 'Final

determ nation of sources of watershed areas and base mapping for
drai nage area delineation are also.made at this tinme. Primry
resources for this information are:

U S GS and T.V. A quadrangle nmappi ng

U S. GS open file report«83-211 "Drai nage Areas of

Sel ected sites' on Streans’in North Carolina"

Phot ogr ammet rii’C, cont oury, mappi ng

Aeri al photiography

Speci al stwudies (Corps, TVA FEMA)

Field reconnai ssance (This is required for nost

non-riyerine drainage areas in the coastal plain as
wehl~as any.smal| watersheds in other areas.)

The.sel'ecti on_of a "design discharge" for a drai nage
feature isva risk based assessnent process involving the
evaluati on of a range“of flood magnitudes for such factors as
petential ‘damages,, costs, traffic service, environnental inpact,
and flood pl ai mmanagenent criteria, to determ ne an appropriate
and acceptablesstructure for each site. One specific criterion
on ‘whi ch the 'design is evaluated and generally referred to as the
"design discharge" is the flood | evel and frequency which results
0“1 nundatiron of the travelway. Table 4-3 relates desirable
m ni num level s of protection fromtravelway inundation to roadway
classification. Variation fromthese m nimum design | evel s nust
besjustified through the assessment process and appropriately
docunented. When roadway overtopping is not involved, the
"design discharge" will be the level of flood used for
establishing freeboard and/ or backwater |imtations.
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TABLE 4-3
ROADWAY CLASSIFICATION FREQUENCY
Interstate (1) 50 year
Primary (US & NC) 50 year
Secondary (Magjor, City thoroughfare) 50 year
Secondary 25 year

The hydrol ogi c anal ysis process for a specific drainage
feature is acconplished as an integral part of the hydraulic
sizing and performance analysis. Specific discharge crijteri asand
conput ati onal needs are addressed in further sections of this
guideline for each particular drainage feature. Docunentation of
the hydrologic data is included with the hydraulie, design:

The foll owm ng general guidance shall be.used to determ ne
when it is appropriate to consider the overtioppi ng fhood and the
l[imts used in defining the data. This nust be apphied w th good
j udgnment and consi dered on the particul ar “\nerits “of each crossing
anal ysi s.

(1) Where overtopping is not“practicable and would require
fl ood magni tude greatersthan statejof the art capability
to estimate frequency (500+ yearwflood), a statenent
simlar to the followi ng shoul’d*be noted on the survey
report "overtopping.flood is ‘greater than 500+ year
event".

(2) An approxi mate frequency of occurrence nust be
establ i shed for the overtopping discharge. The
foll ow ng frequency, designation wll be used:

(a) I~ wthin §%.0f the 200 or 500-year estinmated
dirschar ge,“I'i st as 200-year +/- or 500-year +/-.

(o). ' If greater than 100-year flood but not wthin 5% of
200-year, list as 100-year +.

(c). Af greater than 5% of the 200-year but not within
5% of the 500-year, list as 200-year +.

(d), If greater than 5% of the 500-year, list as
500-year +.
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VI'1. BRI DGE CROSSI NGS

The design of a stream crossing requires a conprehensive
engi neering approach that involves data collection, hydrol ogic
anal ysis, formulation of alternatives, evaluation and sel ection of
the "best"” alternative according to established criteria, and
docunentation of the final design. The design process provided
herein will not attenpt to address all situations or all areas of
knowl edge and experience the engi neer shoul d possess to be
proficient in crossing design. It is strongly recommend that the
engi neer reference and study the bridge crossing chapter of the
"AASHTO Hi ghway Drai nage Gui delines" (1), and the FHWA fl| oodplain
policy statenment in FAP-Guide, 23 CFR 650A (9). The design
procedure presented herein will insure a systematic processtthat
wi || adequately address nobst crossing situations. |t wd} val so
help to identify conditions and situations requiring speeial study
and/ or consi derati on.

Design and anal ysis of stream crossings in the coastal, ‘region
that are subject to the effects of tidal flows and.storm surge
follow a simlar procedure to that outlined for rdverine
crossings. However, there are major differences in thefhydrol ogic
and hydraulic anal ysis phases. The engi neer (s referenced to the
basic tidal prism procedure contained HEGC.18(12), as well as nore
detail ed one and two di nensional tidal cressing nbdels presented
in, Tidal Hydraulic Mdeling for Bridges(13).

(1) DATA COLLECTI ON

| nf or mati on gat hered during t hespre-desi gn study and
field survey is to be assenbled, for the study site.
This process will #ncl ude:

(a) Review of the-prelimmnary design and assessnent
report (‘Appendi x D)

(b) Plottingvof a plan~and profile view of the
t opographi cal~.features for the crossing on the
Bri dge Survey;and Hydraulic Design Report

(‘Appendi x“\E)

The drawng scale shall be 1 in.= 50 ft.

hori zontal,1 in.= 10 ft. vertical with existing
manmade features shown with dashed Iines . A | arger
sheet may be used if required for w de fl oodpl ain.
[t must be trimmed and folded to fit within the
Survey Report.

Information to be included on the profile view

- Centerline profile of the floodplain

- Historical flood data (high water
el evati ons, date of occurrence, and estinmated
frequency)

- Show existing features (utilities, drainage
structures, and crown grade profile of
exi sting hi ghway)
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- control el evations such as existing buildings
- Water surface elevation at date of survey and
"normal " water surface elevation

I nformation to be shown on plan view

- Natural features (limts of floodplain, stream
channel showi ng base and top of bank, type of
vegetative cover in floodplain, stream
cl assification)

- Existing man-nmade features in floodplain
(bui I di ngs, houses, highways, utilities, setc.)

(2) HYDROLOG C ANALYSI S

Thi s phase invol ves the devel opnent of a nunber of
di scharges on which the performance of alternate desi'gns
will be evaluated. This entails:

(a) Determination of a drainage area for the site

(b) Devel opi ng di scharge quantiti€s, for a‘range of
floods to be studied. This shall include as a
m ni num

Q, Qo, Qs o, Qo) Q overt.opping
(exi sting roadway), Q overtopping (proposed

r oadway)

(c) If acrossing is in a FEMA Regul ated Fl ood
| nsurance Programsite where a detail study has
been perforned,~the+study discharges will be used
to eval uateyconformity of the project to flood
zone reguhations. o Lf an error is found in the
FEMA hydreol'ogi cal\, data or if there is considerable
di sagreenent i.n the data and results from standard
hydr.ohogi cal «~procedures presented in this
guideline; a specific course of action shall be
devel opedvand approved by the Revi ewi ng Engi neer.

(d)y ™ Docunent,~“t he hydrol ogi c anal ysis portion of the
Bri dgewSurvey and Hydraulic Design Reports.

(3} .FORMULATI'ON OF ALTERNATI VES

Thi“s “\next phase, Alternative Eval uation and

Selection, is generally an iterative process through
whi‘ch a hydraulic analysis is perfornmed for one or

nore alternatives, the results are eval uated,
adjustnents are nmade and further alternatives devel oped
until the "best"” alternative is selected. This
hydraul i c analysis of alternatives will be acconplished
as follows:

(a) The Corps of Engi neers HEC- RAS St ep- backwat er

Anal ysis Programis recomended for the stream
reach study. An exception is to be nade for
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(4)

(b)

(c)

(d)

(e)

()

(9)

utilization of the HEC-2 when an existing detailed
fl ood study crossing is involved. FHWA-WSPRO i s
anot her accept abl e nodel .

A m ni mum of three cross-sections shall be used
(one each up and downstream and one at the
crossing). Additional sections should

be used when site conditions warrant.

A run of the nodel with the sel ected discharge
shal | be made under existing conditions and a
conpari son nmade to at | east one historical
occurrence.

Adj ustnent shall be made to calibrate the nodel to
a "best" or "reasonable" fit to the historical
dat a.

FHWA "Cui deline for Sel ecting Manpning's Roughness
Coefficients for Channels and Fl ood~Pl ai ns"1(9),
shoul d be referenced for roughness factor

sel ection.

A profile plot of the adjusted nodel including the
hi storical data shall be_provi ded:

Al ternate structures., and graderconfigurations can
now be entered for _hydraulie¢”out put devel opnent.

EVALUATI ON AND SELECTI OGN

The selection of a ™best™_ alternative is acconplished by
conpari son of the'study results and considerations to
acceptabl e | idm.téati onssand controls. These linmitations
are prescribed\by general and specific criteria.

General crinteria on.which the design alternatives nust
be judged are:

Backwat e, Wi*l | not significantly increase flood
damage.to. property upstream of the crossing.

Vel oci‘tiles through the structure(s) will not danage
the highway facility or unduly increase danmages to
adj acent property.

Exissting flow distribution is maintained to the
extent practicable.

Level of traffic service is conpatible with that
commonl y expected of the class of highway and
projected traffic vol unes.

M ni mal disruption of ecosystens and val ues uni que
to the floodplain and stream

Cost for construction, maintenance and operation,

i ncl udi ng probable repair and reconstruction, and
potential liabilities are affordable.

Pi er and abutnment | ocation, spacing, and
orientation are such to mnimze flow disruption,
debris collection and scour.

Proposal is consistent wwth the intent of the

21 3/99



standards and criteria of the National Flood
| nsurance Program

Specific criteria on which the design alternate nust be
j udged:

(a)

(b)

(¢)

(d)

Desi gn di scharge

This is the specific return period flood that has
been established as being an acceptable |evel for
roadway overtoppi ng. Wen roadway overtopping is
not involved, it wll be the level of flood used
for establishnment of freeboard and/or backwat éer
limtations. See Table 4-3, chapter VI, for
desirabl e design di scharge standards based on
accepted inundation levels relative to roadway
classification. Variation fromthese or_ ot her
speci fic standard val ues nust be justified.by an
assessnent process which reflects consideration-for
ri sk of damages to the roadway facidity and‘other
properties, traffic interruption,/environpental

i npacts and hazard to the public.

Backwat er

This is the increase in water surface_elevation for
a particular flood event .neasured‘relative to the
normal water surface for>this sanme event at the
approach section. Forl National Fl'ood |Insurance
Program desi gnat ed f.l'oodpl ai_.ns’’the backwater for

t he 100-year floodsshall not exceed 1.0 foot. The
normal water surflace as it relates to a flood

i nsurance site woul'd include any restriction
existing at the tine of\ ‘adopti on of the regul ation,
such as an exi sting_ bri.dge. Wen a detail study
area i s anvolved, noyincrease in backwater is

al | oned when therosSsing data is entered into the
fl oodway. nmodel unless a nodification proposal is
developed and ‘presented to the community and FEVA
f orapprovals A nodification proposal is to be a
revisi on«<insthe fl oodway boundari es to accommobdat e
t.he crossing wi thout increasing the 100-year flood
el'evat i.on_ above the established fl oodway el evati on.

M ni mum.| engt h

Thewbridge ends wll be located such that in the
profile bridge section a |line projection of the
spill through slope face provides a m ni num of 10
foot setback fromany point on the channel bank
or bed. Geater setback can be dictated by
hydraul i ¢ conveyance needs and channel scour
predictions.

Fr eeboard

Provide 2 feet m nimmcl earance for bridge super-
structures above the design flood for primary route
structures and secondary crossings of major rivers.
1.0 foot mnimumfor all other structures. There
is no established freeboard for the roadway or
other controlling features. However, this can be
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(e)

(f)

established as a project specific requirenent if a
specific need or condition warrants. This or a
justified variance fromthe standard freeboard
requi renment must be approved by the Review ng

Engi neer prior to conpletion of the design.

Sl ope Protection

As a mnimumclass Il stone rip rap shall be

pl aced on the spill-through bridge slopes through

t he wat erway openi ng extending to a point even with
the bridge ends. The need for additional slope
protection along the roadway fill approaches~shal
be evaluated on a site by site basis. Concentra-
tion, depth and velocity of flow in the gverbank
are factors to be considered in setting~the rip.rap
limts. As a guide, the follow ng equati on can/be
used. If V, is considered to be |l ess~than a
scourabl e velocity for the proposed.fill slope

no further evaluation is necessar'y.

Z = (1-V1/V2)L

Wer e:

Z = Requi red di stance 0f sl opewprotection

Vi = Average vel ocitys i n overbank approach

V, = Average velocity in bridge opening area
adj acente to fill

L = Di stance up stweamto maxi mum backwat er

(bridge | ength)

The top of the rip~rap elevation shall be 1.0 foot
abovet he "design fl ood" which, for establishing
slope protection limts, wll not exceed the

50- year event.

Deck Drai-nage

St andard practices for structural design at this
tine is to include 6 inch scupper drains at 12 foot
centers in all waterway crossing structures. They
can be elimnated in areas directly over channel
when crossing identified sensitive streans. |f
review for variance fromthis standard is
requested, the spacing requirenent wll be based
on:

(1) Scupper capacity provided in HEC 21(11)

(2) 4 inches per hour rainfall intensity (nmaxinmm
drivabl e)

(3) A mninmmconsideration of 30% bl ockage

(4) Maxinmum gutter spread of 2 feet.

Provi sion nmust be nade to handle the flow fromthe
bri dge deck at all down grade ends. The
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(9)

(h)

(i)

(i)

capacity and adequacy of these drains can al so be
checked using the procedures of HEC- 21(10).

Separation structures wll have a very limted
nunmber of scuppers (adjacent to the piers). The
potential gutter spread along the structure nust be
determ ned for acceptability. This acceptable
spread i s dependent on shoul der or special wdth
provided on a structure, but should not extend
into the travel |ane of a shoul der approach
structure. The few scupper drains can be ignaored
in this spread evaluation for separation
structures. Wth the potential quantities ofy, 'l ow
fromthe deck, it is very inportant to checkithe
adequacy of the end drains and provide
recommendati ons for additional neasures-when

war r ant ed.

Channel Changes

As a general rule, the bridge crossiing wllbe

desi gned to accommodat e the natiural channel

Channel nodification will be c€onsidered ‘'only when
there is no practicable alternative froma cost or
functional standpoint. Mdinfication proposals with
sufficient supportive data nust be‘presented to the
Revi ewi ng Engi neer for.approval prior to conpletion
of the design

Scour

An estimate of potential-Scour depth is required
for all bridge sites. “The procedure for this
analysis is presented.in HEC 18, reference, (12).
And HEC- 20, ref er ence(.14)

Econom €s

When npore than one~alternate will satisfy al
control facters for a site, the evaluation and
selection.-of a "best" alternate nust include an
econom c analysis to insure that the selected
al.t-er nat'e\provi des the | east total cost froma
const rueti on, mai ntenance, and operation

st andpoei'nt .

Det our bri dges

The design process for these structures is also
site specific. As general guidance a Q design flood
provi des an acceptable |level of risk for potenti al
traffic interruption or damage to the detour
However, potential for damage to other devel oped
properties if overtopping at this level of flood is
not provided will warrent further consideration and
a possible increase in the structure requirenents.
Spanni ng of the normal flow channel is recomended
and scour consideration is limted to | ocal scour
at any in channel bents.
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(5)

DOCUMENTATI ON OF DESI GN

All

information pertinent to the selection of the "best"

alternate shal | be docunented_in a manner suitable for
review and retention. This will involve:

(a)

(b)

(c)

(d)

(e)

()

Compl etion of the Bridge Survey and Hydraulic

Desi gn Report, Appendi x E. Sketch proposed
structure(s) and roadway grade in plan and profile
showi ng crown grade el evation, super structure,
bent locations, limts and el evations of rip rap
and any channel nodifications.

In addition to the data required on the survey
relative to the design, overtopping and bhase

fl ood, provide in table or performance Ccurve forma
depiction of the natural and post-design water
surface elevations at the upstreamsection“for the
design flood. |[If at an existing ‘cressing . site,

i nclude the existing conditiondas a third.li sting
and pl ot.

| ncl ude scour fornula conputiati onss on<t he bridge
survey report. Plot estinated depths on profile
Vi ew.

Provi de hard copy sunmary sheet” of conputer i nput
and out put.

Provi de conpl ete conputer ranal ysis data files on an
| BM conpati ble.'#| oppy‘dissk and include file name on
Bri dge Suryey-and Hydraul i ¢ Desi gn Report.

When a floodway nodification is proposed, supply
all doecuwment ation required for submttal to FENA

This w | i nclude:

=, ~Compl eti.on of the application formfor
fl oedway revision request or anendnent to
t he_Nati onal Fl ood Insurance Program ( NFI P)
naps.

- Hydraulic anal yses (conputer nodels - input
and out put) which duplicate the hydraulic
anal yses used for the effective FIS (baseline
nodel ) for the follow ng frequency fl oods:
10-, 50-, 100- and 500-year floods and the
100-year fl oodway.

- New'revised hydraulic anal yses (conputer
nodel s - input and output) for existing
conditions for the follow ng frequency fl oods:
10-, 50-, 100-, and 500-year fl oods and
fl oodway. (This involves addi ng sections for
the crossing site wthout the structure and
for any changes in the floodplain.)

- New'revised hydraulic anal yses (conputer
nodel s - input and output) for proposed
conditions for the follow ng frequency fl oods:
10-, 50-, 100-, and 500-year floods and
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fl oodway. (This involves the addition of the
crossing features and any proposed fl oodway
changes.)

Topographic work map with existing and
proposed t opography show ng revi sed existing
and/ or proposed 100- and 500-year fl ood
boundari es, 100-year fl oodway, base fl ood

el evations, cross sections, stream alignment,
and road alignnent.

Annot ated FI RM and/ or Fl ood Boundary and

Fl oodway Map (FBFM show ng revi sed exi sting
and/ or proposed 100- and 500-year fl ood
boundari es, 100-year fl oodway, base fl oad
alignment, and corporate limts.

Annotated FI'S flood profile(s) showmng*revised
exi sting and/or proposed 10-, 50-,-100-, and
500-year flood profiles.

Annotated FI'S Fl oodway Data Tabl'e('s) showing
revi sed existing and/ or proposed fl oodway

dat a.
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VI11. CULVERTS

A culvert is a conduit that conveys flow through the enbank-
ment. The nost conmonly used shapes are circul ar, rectangul ar,
elliptical, pipe arch and arches. They range in size fromlarge
mul ti ple barrel box culverts and netal arch structures to single
18 inch pipes. The design process for culverts as well as al
drai nage structures is nuch like the bridge crossing in that it
i nvolves: data collection, hydrol ogic analysis, formulation,
eval uati on and sel ection of an alternate, and docunentation of the
design. Sonme of the |arger structures nust be analyzed by the
sanme procedures and nmethods as a bridge crossing. The procedure
presented here is sunmary in nature and is intended for thewcenmon
box or pipe culvert crossing. The extent of design effort for a
particul ar culvert nust be comensurate to its cost and/petenti al
risk to the public. The engi neer should reference FHWMA, “Hydrauli.c
Design Series No. 5 (15), for nore detail ed gui dance= “.He nust
al so reference this docunent for nonograph charts and.t ables
required for a manual design process.

The fornms used for docunentation and the«i nformation required
differ for box and pipe size culverts. Any culvert structure
provi di ng conveyance greater than a single 72<i nch pipe wll
foll ow the design procedure and docunent atiren on .t he<'cul vert
survey and hydraulic design report” (Appendi x F)y«* Smal |l er cul vert
design will be docunented on a pipe dat@a sheet (Appendix G .

(1) Data Collection

| nf or mati on gat hered duri ng the, pre-design study and
field survey relatiwe to each/ particular crossing or al
crossings in generalvis tolbe assenbled. This process
wi |l include:

(a) For allfbex culverts or any other structure that
prelimnary estimtes indicate requiring a total
crossinng conveyance greater than a single 72 inch
pipe, plot _a plian and profile view of the stream
crossi ng enythe "Cul vert Survey and Hydraulic
Desi‘gn Report"” (Appendix F). The draw ng
scalejis*to be 1 inch = 50 feet horizontal and
1 inchvw= 10 feet vertical
Exi~sting features are to be in ink with mnmade
features shown with dashed lines. This information
istobelimted to that which is pertinent to the
structure sizing and | ocati on.

I nformation to be provided on the profile view

(1) There are to be two profiles - one along the
centerline of the roadway show ng the fl ood
pl ane section and roadway profile both
exi sting and proposed. The second profile is
to be along the centerline of the structure
showi ng the stream bed grade, top of bank and
normal water surface profile.

27 3/99



(2)

(2)

(3)

(4)

The centerline of the roadway profile should
show. ground |ine, channel base and banks,
grade line, water surface elevations (date of
survey, normal if different), flood plain
limts, historical flood elevations (including
date of occurrence, and estimted frequency),
utility elevations, controlling backwater
feature elevations (building floor |evels,
yards, cultivated fields, roadways, drives,
ot her drai nage structures, overtopping
controls), general classification of stream
bed and bank materials (clay, silt, sand,
gravel, cobble, rock), plot rock linec¢if
identified

The centerline of structure shouldishow
stream bed, top of bank, existj-ng.and proposed
roadway cross-section, nornal. water surface
profile, historical flood |evels, controlling
feature el evations properly positioned al ong
the profile, rock line if~dentified.

Any additional stream cross-sections utilized
for design or needed\.for structural excavation
estimates are to be plottedwon the survey
report. The drawhng scale, for these sections
can be adjusted.as needed-to fit the report.

I nformation to bewprovided on the plan view

(1)

(2)
(3)

('4)

Nat ur al /f eat uresf - »stream channel show ng base
and banks, |imi's of the floodplain

Type\of cover

Mannade ~f eat ures -bui |l di ngs, houses, hi ghways,
exi stingy drai nage structures, utilities

The proposed roadway section and fill sl ope
ldmit's

(b) For 72 inch pipe size and snmaller, the site data

wil |

be summari zed on the pipe data sheet. The

engineer will also need to reference the drainage
pl ans for topographical and proposed | ayout
i nformati on.

Hydr ol ogi ¢ Anal ysi s

There are four discharge | evels that nust be eval uated
for each culvert design. These are:

(a) A "design discharge" as listed and defined in the
hydr ol ogy section (Table 4-3, Chapter VI)

(b) Qo base flood
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(3)

(c) Qovertopping. This discharge is conputed after a
trial size is selected.

(d) Qo for outlet protection and erosion control
nmeasur es

O her discharges may be required on a site specific
basis. Exanples are:

(a) Qaverage - for permt determnation

(b) Q@bank full - for fish passage, channel stability
or floodpl ain anal ysis.

Hydraul i ¢ Design

(a) The first step in hydraulically anal yzing a
culvert is to address criteria and j-nformati.on it hat
nmust be quantified prior to comencing act ual
structural sizing and location. ‘hirs would
i ncl ude:

Mat erial Sel ection

A material selection recopmendati on mist be
provi ded for each pipe culvert. TFhe, general
selection policy is as-f0ll ows.

Cul vert pipe shall* be conCrete with the
fO||OMAng excepti ons :
t he (expect ed! fi.l | hei ght over the
structure exceeds the maxi num val ues
f'or concret'e as provided in the N C
Di vi si onof Hi ghways
charts, (Appendi x H)
the(required invert slope is greater
t han-10%
I'f .a majority of the installations for
a\project require netal, then al
cul vert pipe for the project can be
nmet al .

O her “siite or project specific factors such as,
corrosive conditions, accessibility, environnmental
requirenents, handling and initial cost may
dictate the use of a particular material.

Box cul verts are generally cast in place or precast
concrete. There are large netal structures, arches
and box shapes, with and wi thout bottom pl ates,
that can be considered for sites requiring | arge
openi ngs and/ or spans. The primary source of

i nformati on on avail abl e sizes and structural
details is the manufactures literature.

Appendi x H provi des gage requirenents and fill
limtations for netal and concrete structures.
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End Tr eat nent

Headwal | s are generally used on the inlet end of
pi pe culverts 36 inch or larger. The outlet end
does not require a headwall unless site specific
conditions such as right-of-way limtation warrant
pl acenent of an outlet headwall. For gui dance on
end treatnment of parallel pipes, reference
section 5-20, of the Roadway Design Manual (16).

Al | owabl e Headwat er

The al | owabl e headwat er el evation is established
based on an eval uation of natural fl oodi ngcdept hs,
upstream structures and | and use, as well/as the
proposed roadway el evati ons.

Mul ti pl e Openings (w dth)

When the wdth of the structure opening is
significantly w der than the natural channel

an eval uation nust be made of .the affection flow
capacity which will occur when the lowflow area is
restricted to its natural width by artificial or
nat ural means.

Al'i gnment

As near as is practicable, a culvert should inter-
cept an outlet floww thinstthe natural channel.
When channel realisgnnment~i's required, a natura
channel design should be utilized (see section X).

Lengt h and'Sl ope

The sl opewof a culvert shoul d approxi mte that of

t he natural channel”. The invert elevation should
be shightly _below the natural bed ranging from
0.4%“+/- feet for small pipes to 1.0 +/- feet for

| arge box“culvert. Were fish passage is
avprimary jconsi deration, the invert should be a

m ni mumyof 1.0 feet below the natural bed. Baffles
may be“placed in the invert to pronote retention
of~bed material and formation of a | ow fl ow
channel . Wien a shallow (3-5 foot nax. depth)

non- erosi ve rock foundation is found throughout

t he proposed site, the structure can be built on
footings without a bottomallowi ng retention of the
natural channel bed. The Geotechnical Unit nust
confirmthe foundation acceptability prior to final
selection of the “bottom ess” cul vert.

Pot enti al channel cleanout and inprovenents shoul d
al so be considered particularly in the coastal

plain. The length is established by the geonetry of
t he roadway enbanknent, the bed el evati on and skew.
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(b)

(c)

(d)

(e)

()

Tai | wat er

The conputed normal channel depth for each

di scharge | evel being eval uated generally
establishes the tailwater. This can be determ ned
by a sinple single section analysis. Effects of
downstream controls and constrictions nust al so be
consi der ed.

Debri s

The structure opening should be reasonably siwzed to
provide for debris. The limtation of strwctural
hei ght to headwater depths in the HWD =1y 24/ -
range has proven to limt problens of this nature
to acceptable levels. Were experienee.or physical
evi dence indicates the water course-wil'l transport
a greater than normal size or vol une_of debris,
speci al debris controls shoul d be devel opedy and/ or
the estimated capacity of the structure/reduced to
reflect the potential for bl oCkage.

A trial size culvert can be“determ ned using the
desi gn di scharge, inlet_centrol nenographs (HDS-5
ref.- 12)and an assunedHWD = 1.2. Miltiple

openi ngs may be sel ected by dividing the discharge.

When a trial size~selection‘i-s reasonable in regard
to avail abl e sizes./(see_Appendix H ) and all owabl e
headwater limdtations\the full inlet/outlet

control analysi's is+perfiormed. The higher of the
conput ed headwat er s “gever ns.

| f the anal'yzed si ze is acceptable in regard to
contrelsvand criteria relative to the design

di scharge, verify it being the m ni mum acceptabl e
by, checki ngi t he performance of a smaller structure.

I'f, 4/nl et’ eontrol governs, inproved inlet design
must bevinvestigated. This wll be perforned for
all inket control box culverts and for pipe
culkverts 36 inch and larger with Iengths > 150 ft.
If\.as much as one nom nal size reduction can be
achi eved for box culverts, the inproved inlet
option can be selected. For pipe culverts, an
econom c analysis is required to justify the

sel ected option.

Det erm ne the design values and acceptability of

the selected culvert for the Qo and overtoppi ng
fl ood.
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(4)

(9)

Qutlet velocities shall be determned for the Qp
di scharge. |If this velocity exceeds the scour
velocity for the receiving stream rip rap outl et
protection is required.

(1) See channel chapter for perm ssible velocity
gui del i nes

(2) Use whichever is greater, tailwater depth or
normal flow depth for culvert to deterpsne
outlet velocity.

Desi gn Docunent ati on

All

information pertinent to the culvert design shall~be

docunented on either the "Culvert Survey and Hydraulic
Design Report" or the "Pipe Data Sheet/ . “Thi s il
i ncl ude:

(a)

(b)
(c)

(d)

(e)

(£)

For box culverts, plot the prioposed structure in
plan and profile views. Note centerhine station
and skew. Show invert elevations and skew, or top
of footing el evations.

Show desi gn water surface elevation on all views.

Complete fill-in (ofy data for. selected structure on
report or data sheet.

| f design is‘acconplinshed by conputer program
private engineering firns nust submit data file
summari es ‘on an I'BMconpati bl e di sk

For large culverts (>72 inch), a plot of the
performance~curyve for the selected structure with a
plrot—of thewnatural stage-discharge relations is
desir abl e.

Provi de 'stream cl assi fi cati on.
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| X. STORM DRAI NAGE SYSTEM

The purpose of a stormdrai nage systemis to collect and
transport stormwater runoff fromthe highway to an outlet. The
conpl ete system consists of the curb and gutter, inlet structures,
| ateral and trunk |ine pipes, and junctions and manhol es. The
desi gn process for stormdrainage systens usually follows the
basi ¢ steps of planning/data collection, hydrol ogic/hydraulic
design, and outfall analysis. The procedure presented herein wll
be directed toward non-conputer analysis. The pavenent and inl et
desi gn may be acconplished by a conputer program which foll ows,the
procedures of HEC 22(6). GEOPAK Drai nage is an acceptable
aut omat ed anal ysis process for storm drai nage system desi‘gn.

(1) PLANNI NG AND DATA COLLECTI ON

| nformati on gat hered during the pre-design.study .and
field surveys that is of particular relevance to. the
storm dr ai nage system shoul d be assenbl/ed for design
reference. Planning includes the identificatien of
controls and criteria which nust bé“considered in
acconplishing the design. Thisywould include:

(a) Design Frequency

Roadway i nl et |ocatiany capacities and gutter
spread is to be anal'yzed usi'ng-a standard rai nfal
intensity of 4.0 inehes/hour+" The stormdrain

pi pe systemis towbe designed using a Qo di scharge
with a minimumtine ofyconcentration of 10 m nutes
assum ng 100% pi'ck upfat- each inlet.

I n sag areas’ where relief by curb overflow is not
provi ded ‘the system standard design |level (Qs -
Qo) is to be used for analysis to insure traffic
fl ow,i's not _i=nterrupted.

(b) Qutter Gade

A m nifmum gutter gradient of 0.20 percent (0.30
desirable) shall be utilized. Wen |esser slopes
are, _encountered, the gutter shall be warped to
provi de the m ni num sl ope. A continuous inlet
system such as a slotted or trench drain nay be
used in sag or | ow gradient gutter sections.

(¢cY Inlets

The standard inlet for curb and gutter is a conbi-
nation grate and curb opening (std. no. 840.01 of
Roadway Standard Drawi ngs-(17). Use of other type
inlets for curb sections require project specific
approval .

Standard grated drop inlets shall be used in
roadway ditches, non-curbed shoul ders and ot her off
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(d)

roadway | ocations. Gates of 2 inch or |ess(smal
di mensi on opening) shall be used in areas subject
to pedestrian traffic. Traffic bearing grates are
to be used for drop inlets within 4 feet of a

per manent or tenporary travel |ane.

The follow ng specific criteria shall be followed
in inlet analysis.

- On grades, the curb opening can be ignored in
determning inlet capacity. The grate efficiency
shal | be assuned to equal a parallel bar grate.

- Inlet capacity at sags shall allow for/debris
bl ockage by providing twi ce the requirred conputed
openi ng.

- Inlet spacing shall be sufficient.to |imt
spread to no nore than half of “a’through ¢l"ane
during a 4.0 inch per hour rain storm

- Wen the typical section.ineludes<a)full shoul der
or parking |l ane, no encroachnment into the travel
lane w Il be all owed.

- Depth in gutter shall not exceed 5 inches for
design fl ow.

- Wiile there is“no maxidmum spacing for inlets, no
trunk |ine ‘pipe shoul'd 'extend nore than 500
feet w thout vaccess. » An exception is nmade for
nmedi an and-si de dit'ch systens where 700 feet is
an acceptable upper limt.

- Pipe systens shall not decrease in size in the
downst ream.di recti on

-L Provide, 0.5 foot m nimum from hydraulic
gradel'ine to top of inlet grate or junction.

Pi pe System

Stiorm drai n pi pes shall be concrete unless a site
"m tation such as grade or corrosive conditions
dilctate the use of an alternate material.

The m ni mum pipe size to serve a single inlet is
12 inches. For nore than one inlet, or a | ength of
more than 100 feet, a 15 inch pipe is the m ninmm
Si ze.

When differing size pipes enter and exit a junction
the desired practice is to match the crowns of the

pi pes.
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(2)

Hydr ol ogi ¢ and Hydraul i ¢ Design

St orm dr ai nage systemdesign is a two phase process
involving first a selection of the required surface
inlets, followed by the design of a subsurface pipe
systemto serve the surface pickups. Automated design
systens such as GECOPAK Drai nage provi de an advanced
tool for stormdrai nage design. However, the follow ng
basi ¢ design procedure is applicable and can be used for
non- aut omat ed design, or as a guide to the designer

i n understandi ng the anal ysis process so that he

can better interpret the output from an automated
design. A simlar design procedure is presented in
HEC- 22( 6) .

(a) Inlets

(1) Prior to comrencing the hydrol©gitc/hydraulic
anal ysis of the surface system'a | ayput.. of
| ocations requiring inlets.should be
devel oped on a set of plans. This would
i ncl ude sag points, upstteam of ~intersections,
upgr ade of superel evation rollovers, and at
| ocations required to“unction back-of-the
curb pickups.

(2) Wth the above.noted | ocations determ ned, the
next step is _tojranalyze the runoff and spread
al ong the roadway tolestablish additional
required_inlet |ocations to neet spread and
depth criteria. ~The hydrol ogic nethod used
shal | generally«be'the rational formula and
wi |k foll ow t heygui dance of Chapter VI
(Hydreol'ogy) « \The general procedure as
out) i'ned in CGhapter V (Drainage Pl ans) shal
be used t'o confirm drai nage boundaries, flow
pat hs, ~out| et conditions and ot her project
speeciah._desi gn features.

The design is to be docunmented on a form
simlar to Appendix I (Sheet 1 of 7).

The inlets should be nunbered in a | ogical
ascendi ng order and their |ocation referenced
to a project

station.

(h)," Pipe System

(1) The next step is the layout of a pipe system
to provide a connecting route of flow fromthe
inlet(s) to the proper outlet point(s).

(2) Sizing of the individual pipes is now
acconplished. The follow ng procedure
i nvolves a run through the system from
beginning to end wth selection of pipe sizes
by utilizing Mannings' flow capacity equati on,
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Pi pe

with the limtations on maxi mnum pi pe capacity
presented in Appendix |, sheet 5.

Si zing of nost systens by this procedure

is generally sufficient.

Wil e a check of the system by devel opnent of
a hydraulic grade line requires m nimum

addi tional design time when utilizing an

aut omat ed desi gn process such as CGEOPAK

Drai nage, a nmanual procedure can be very tinme
consum ng. Therefore, the engineer nust
evaluate and justify the need for a
hydraul i c grade |ine check of a system.on

a case by case basis. Conditions thatwnay

war rant undertaking this additional (design
anal ysis are:

Systemwith outlets that\are subject
to high tailwater conditions.
Systens that transition fromiaSteep
to flat gradient.

Systens on flat gradi ent that have
substantial juncti-on and/oer bend

| osses.

Syst em Desi gn Priocedur e

Ref erence Appendi x | .~sheet 2, for initial
syst em desi gn..docunent at i on.

Items 1/=2. These are inlet nunbers
correspondi ng tosinlet conputation sheet.

Item.3. Totalydrainage area served by the
section of pipe.

Jtem 4. 4 Sum of the increnmental portions of
t he drai'nage area and correspondi ng runoff
coef fii*ci ent s.

ltem 5. Length of the pipe run between study
poi nts.

Item 6. Tinme of concentration for portion of
drai nage area in-flow ng at beginning end of

pi pe.

Iltem7. Flowtine for first pipe equals inlet
time. Subsequent sections are a sumof the
time of concentration of the previous reach
(mn. t;=10 mnutes) plus tinme of flowin
subj ect pi pe.

Item 8. Larger value fromltens 6 and 7. Use
10 m nutes as mninum val ue. For tines
greater than 30 m nutes, a flood hydrograph or
ot her routing procedures is recomended.
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Item 9. Design stormrainfall intensity for
duration equal to design tine.

Item 10. Design discharge for pipe reach

Item 11. Invert elevation of pipe inlet.
Item 12. Invert elevation of pipe outlet.
Item 13. Invert slope of pipe.

Item 14. Diameter of pipe. This sizecis ' to be
selected utilizing Mannings' full flow
capacity equati on.

Q = 0.46/n (D*°") (S0%)

A nonograph solution for thi's’ equationyis
provided in Appendix |, sheet 3.

The capacity utilized.for~desi gn cannot exceed

t he val ues contai ned- n.the table - Appendi x
|, sheet 4

Item 15. Vel oCitwy based en desi gn di scharge
and sel ect ed~pipe si ze (can use charts

Appendi x ).
|tem 16¢ Remarks.

Hydr aul icch G.ade Likne. Devel opnent Procedure

A Hydraul.ic grade line will provide the
potenti al '\ elevation, under design conditions,
fo whichywater will rise in the various inlets
and junctions. This can serve as a check for
pot’ent'i al unacceptabl e outfl ow or pressure
preblem areas within the systemdictating a
change in the system design.

Ref erence, Appendix |, sheet 7, for tabulation
of the procedure.

Item 1. The inlet nunber or junction |ocation
i mredi ately upstream of the outlet.

Item 2. Water surface elevation at outlet or
0.8D + invert elevation of the outflow pipe,
whi chever is greater.

Item 3. Dianmeter (D,) of outflow pipe.

Item 4. Design discharge (Q) for the outflow
pi pe.
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Item5. The length (L,) of the outfl ow pipe.

Item6. Friction loss (H) for full pipe
flow Loss due to flow in the pipe can be
conputed by nmultiplying pipe length (Ly) X
friction slope (S). Friction slope can be
determ ned from pipe flow charts or by using
the formul a:

S = [QK?
K =1.0/n (AR ®"

Sheet 4 - Appendix |, sheet 5 provides val ues
of (K) for various pipe sizes.

Item 7. Contraction |loss (Hc)tl .Lossydue-to
contraction of flow at inlet/ofoutflow.pipe.
Conmput ed by the fornul a:

H = 0.25 (V,%29)
Where: V, = Flow vekocity in outlet pipe
(ful L_fl ow)

Item 8. Expansion loss (H). Loss due to
expansi on of flow intosthe junction. Use
expansion | ossufrom privary inflow |ine.

H = 0.85/(Vi % 29)

Where: 'V, = Flew velocity in inlet pipe
(full flow)

|t'em*9. Bend“loss (H) |oss due to change in
direction of flow. Use change in angle of
pri mary- ffow | i ne.

H, = K (Vi? 2g)
90 /degrees K = 0.70 40 degrees K = 0. 38
80vdegrees K = 0. 66 30 degrees K = 0. 28
70 degrees K = 0.61 25 degrees K = 0. 22
60 degrees K = 0.55 20 degrees K = 0.16
50 degrees K = 0. 47 15 degrees K = 0. 10

Item 10. Total losses (Ht), sumof friction
contraction, expansion, and bend | osses.

Item 11. Inlet water surface elevation. This
is the potential water surface el evation
within the inlet or junction.

Iltem 12. Inlet rimelevation or top of
junction. The water surface elevationis to
be a mnimumof 0.5 feet below this

el evation. |If not, the pipe size should be
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(3)

i ncreased or other measures taken to reduce
the water | evel

ltem 13. Renmar ks.

Repeat the procedure for the upstreamjunction
and plot the potential water surface el evation
if above the crown el evation of the outl et

pi pe.

QUTFALL ANALYSI S

The storm drai nage system desi gn nust include an_eval ua-
tion of the downstreamreceiving channel or systemto
determ ne its adequacy. This evaluation shouldaddress:

Potential effects on the receiving streamwhen
identified as an environnental |y sensitive stream
(reference chapter Xi1)

Potential effects on the highway facility dueto
downst r eam i nadequaci es.

Potential effects to other propertiessdue to the
i nadequaci es.

Affect of the highway inprovenents, on the downstream
facility. (Percent incCrease inm quantity, velocity,
depth, etc.)

Potential correcti ve neasures. (Including cost).

Recommended aetitons.
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X CHANNELS AND ROADSI DE DI TCHES

A channel is any open conveyance, natural or man-made, in
which water flows with a free surface. A roadside ditch is a man-
made channel generally paralleling the roadway surface and
di stingui shed by a regul ar geonetric shape. The design process
and anal ysis requirements for roadsi de ditches and channel s
differ. For the purpose of this chapter, "channel"” shall refer to
all open conveyance facilities not classified as roadside ditches
or requiring nore than a 2.0 foot base. The design procedure
presented is general and intended to present specific criteria and
anal ysis requirenents. The Engi neer should reference FHWMA,

HEC- 11, (18), HEC- 15 (19), and Chapter VI of the AASHTO Drai.nage
Gui delines(1l)for nore detail ed design gui dance.

Roadsi de Ditches

The following is a basic step procedure for _.eval uatingand/ or
desi gni ng roadsi de ditches.

(1) Establish a ditch plan which shows tihe propesed ditch
| ocations and fl ow patterns.

This ditch plan is a part of .the draimage plan (Chapter
11, ITtem?7).

(2) Determne the standard orstwypical™ di“tch cross sections
for the project.

This is provided by the roadway plans typical sections.
When a ditch is required+along the construction limts
whi ch is not part of the“typical section, the follow ng
Criteria are o be followed in establishing a typica
secti on.

- A standard berm~dit'ch section shall be noted at top of
cut where required.

- Toe of nfill ditches adjacent to shallow fills and fl at
sl-opes-(4:1 or flatter) shall be fornmed by continua-
tion of thefill slope to a desired ditch depth, pro-

vi“si on of va base width if required, then a stable back
sl ope~(2: 1 maxi mum .

- Toe.of fill ditches adjacent to high steep slopes
shal I) be constructed with a mninum2.0 foot berm A
wi.der bermis desirable for very high fills to prevent
enbankment fromfilling the ditch and for mai ntenance
i'f access is limted fromthe off roadway side.
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(3)

(4)

(\5)

Determ ne the gradient to be used on all proposed ditches.

Roadway ditches included in the typical roadway section
w Il have a grade corresponding to the roadway profile.
When the roadway profile grade is |less than 0.3%
speci al roadway ditch grades may be established and

not ed on the plans.

Ditches along the toe of fill will generally parallel
the grade of the natural ground at an established
accept abl e depth. The approxi mate grade of these
ditches are to be established and plotted on the plan
profile view

nvesti gate capacity of the established typical ditech

Roadway ditches are to be designed to contain“as a
mnimumthe @ flow The typical roadway ditchsection

is established with sufficient depth to drain the
pavenent subbase and fl at side slopes for safe vehiecl e
traversability. This generally provi des very generous
capacity for the design flow requirenment's. Therefore,
actual capacity determ nation can be.done aon @ 'sel ective
basis at sites on conmmopn project grades to-verify
adequacy and establish limtati ons on the\length of
ditch run.

The size requirenents of the“project special side
ditches along the toes-of=fil1l w_.ll " be established based
on an analysis of the desiign floody This ditch capacity
analysis wll be perfornmed usisangwManni ngs' equati on:

Q ="(1.49 AR¥3.8Y2n

D scharge determnation«shall follow the requirenments of
Chapter |1V - Hydrol ogy. " “The roadway section including
shoul ders and sl opes shall be consi dered an urban
wat er shed.<. This capacity analysis is usually worked in
conjunction*wi th-the next step of |ining evaluation.

Det ernivne t he~lim tati ons and protection requirenments
to_prevent erosion in the ditch.

The-stabil ity of vegetative ditch linings is to be

anal yzed by use of Charts 1 and 2 (Appendi x J). These
chartsare based on the nore frequently used 'V and
base ‘ditch sections. However, a procedure and exanpl e
are. incl uded for eval uating ot her channel
configurations. The stability limtation is based on an
est’abl i shed acceptable velocity. Wen applying the
chart, if conditions at a particular site are such that
you fall to the left of the stability line, a good
vegetative cover would not be expected to erode.
Conversely, if you are to the right of the line, the
ditch woul d be expected to be unstable and erode when
subj ected to design flow even if a good vegetative
lining were established; therefore, sonme type of
arnoring (rip rap, concrete paving) nust be used.
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Charts 3 and 4 (Appendix J) are provided to

anal yze the stability of rip rap ditch linings (Type A
B, and Cass | rip rap). They are used in the sane
manner as Charts 1 and 2 to determne the stability of
stone lining under differing ditch shape and fl ow
condi ti ons.

(6) Determ ne any special neasures necessary at or
downstream of the ditch outlet.

A check should be made of the transition of flow froma
ditch to the receiving outlet. Factors to be considered
ar e:

(a) |Is there provision for a snooth transitiomof flow
fromthe ditch to the outlet?

(b) WII the outlet adequately handl e the.quanti.tly
of flow? |Is inprovenment required?

(c) Is the velocity of flow at thedoutlet too,high for
the condition of the receivingschannel? “1s riprap
or ot her neans of velocityyreductionjustified?

(d) When the receiving outlet\is sheet.voverland fl ow,
is concentration of flow by the diitch a potenti al
problenf? |s some formof flowdiffusion required?

Channel s

Channel analysis differs,from'roadway ditch analysis in that
it invol ves establishing a'channel configuration to neet specific
site hydrol ogi c, and geonorphic requirenments. The requirenents
for anal ysis can range'from sinpke sizing of small ditches
constructed adj acenti{to the roadway fill to intercept and convey
di scharge to points - of acceptable outlet, to conplex studies of
extensi ve natural streamand river relocation. In addition to the
gui dance provi ded-in thissndocunent the engineer is directed to
FHWA/ /Hydr aul-~C\ Engi neeri'ng circul ar #15 (16) and Chapter 8 of the
AASHTO Model “Dr ai nagesManual (2),for further guidance for small
di.t.ch and-channel .anal ysis. For |arger streaminvol venent, FHWMA
“H ghways.in the River Environment” (20), “Applied River
Mor pholtogy” (21), by Dave Rosgen and the NC Wl dlife Resources
Comm 'ssi on, “@uidelines for Stream Rel ocation and Restoration in
Nort.h Carelimna”(22), are suggested references.

Channel s that are realignnents of natural streans should be
si zed-and configured to match as near as practicable the natural
channel system For small, "m nor relocation"” of streans at the
inlet and outlet of structures (less than 100 feet total, <50 each
side). The engineer is directed to "Stream Rel ocati on Cui del i nes”
devel oped jointly by representatives of the NCDOT and the NC
Wl dlife Resources Comm ssion in 1993 (Appendix M.
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If relocation of a stream channel is unavoi dable, the design
of the replacenent channel should provide di nmension, pattern and
profile that affords natural stability. A proven and accepted
met hod of study for natural channel involvenent is through a
process of streamclassification. The overall objective of
classifying a reach of streans is to set categories of types based
on nor phol ogi ¢ characteristics, so that consistent, reproducible
descriptions and assessnents of conditions and potential can be
devel oped.

Sone specific objectives of a classification system are:
( From “Applied River Morphol ogy “, Dave Rosgen)

Provi de net hodol ogy for predicting a streans ‘behavi or
fromits appearance (classification).

Qui de devel oprent of specific hydraulic(and sediment
transport relationships for streamtype,and state.

Provi de mechani sm for conparison of (data for stream
reaches having simlar characteristics.

Provide a consistent frane of reference_for
comuni cating stream conditi ons and norphol ogy across
di sci pli nes.

The reconmended sequence of a channel anal ysis should be as
follows (nore detail ed guidance is.provided. in the recomended
ref erences).

1) Data Col | ection

Data col l ection includes ofifice study as well as a field
survey. Mich.of /the information needed for initial

cl assification'can be obtai ned fromtopographic mapping
and aerial photiography=_The field survey provides nore
detailed isnformation for refinement of the initial
classification_as well as the analysis and design
process.\ It should include as a mnimumthe collection
of the fol |l owing dat a:

Needed for«Classification
channel w dth (bankfull)
channel depth (section nean)
maxi mum depth (at bankfull)
bankfull cross section area

sl ope (average for at |east 20-30 channel
wi dt h reach)

stream | ength (20-30 bankfull channe
wi dths in | ength)

val l ey length (20-30 bankfull channel
wi dths in | ength)

bed material (type, size [Ds])
bank material (type, size [Ds])
wi dth of flood-prone area
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Needed for anal ysis and design:

Channel Di mension

pool depth
pool wi dth
pool area
riffle depth

riffle area
maxi mum pool depth

Channel Pattern
meander | ength

anpl i t ude
radi us of curvature
belt width

Channel Profile
val | ey sl ope
riffle slope
average water surfaceslope
pool sl ope
pool to pool spacing
pool | ength

2) Stream Cl assi fication

Wth the data col Fectred and fiurt her determ nati on of
stream f eat ur esssueh as;

entrenchnent rati o,
wi dt h/ depth ratio, and
si.nyosi ty,

a stq«eamtype cltassification can be establi shed.
(See\ Ref erence” (18), "Applied R ver Mrphol ogy".)
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3) Exi sting Conditions

It is inportant to assess the condition of the stream as
it relates to stability, state and causes of changes,
potential future inpacts and hydrol ogic and hydraulic
requi renents. This assessnment process shoul d address:

t he wat er shed,

fl ow regine,

riparian vegetation,

bank stability,

bed stability,

meander patterns,

sedi ment supply and transport,
debri s,

aggr adat i on/ degr adat i on,

aquatic and terrestrial yhabitaty

di scharge | evel s and conveyance
requirenents

evol utionary trend.

Stream condi ti on gat hers “t hr ough/the assessnent process
apply to a reach of the streamrand nmay vary consi derably
up and down stream as the character of the valley
changes. Some sections maysbe at such an altered state
that existing data and conditions are of little value in
devel opi ng recomrendati ons ‘for a relocated or restored
channel . Thils NS when areference streamof simlar
classificatian*and norphol ogi cal characteristics can
be used as' a guide for devel opi ng study proposals.

4) Proposed Pl an

The~eval uat iron-pr ocess shoul d provide the engineer with
i nfermati on and know edge necessary to develop a
recommended channel relocation or restoration proposa
that neets hydrol ogi cal and ecol ogi cal requirenents and
provides a natural stable system WIdlife resource
speci al i st should be consulted for input during the
desirgn process.

5) Desi'gn Docunent ati on

Al information pertinent to the channel design shall be
docunented in an appropriate design report fornmat.
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Xl .

ERCSI ON AND SEDI MENT CONTROL

A plan for controlling erosion and sedi nent during
construction wll be prepared by the Roadsi de Environnental
Unit and incorporated into the final project plans. The
engi neer devel opi ng the drainage plans will be responsible for
the followng itens relating to sedi ment and erosion control:

A- BASI NS

These are | arge sedinent trapping facilities conpoesed of
a dam storage/trapping area and an outlet spillway
structure. They are generally limted in use to di'sturbed
areas of 5 acres or nore and require thorough anakysis and
design to insure;
adequat e storage volune for expected sedinent
adequate retention to all ow settl enent
a dam and spillway capabl e ‘of handl.i‘ng- expect ed
flow
The hydraulics engineer will inelude desi‘gn details and
recommendations for A-Basins at sites vdentified as potenti al
| ocations during the initial design process: These wll be
included in the prelimnary right<of-way pltans and avail abl e
for review during the prelimnary field.inspection. If the
recomended basins are not felt, 'to be(required by Roadside
Envi ronmental or constructi©n personnel” responsi ble for
erosi on and sedi ment control~duri ng ‘constructi on of the
project, they are to be’del eted firomthe plans. If additional
or alternate sites arelidentified and requested by others for
addition to the plans, detailing and right-of -way
requi renments will “be ‘devel opedfor inclusion in the plans.

Detailing of the basins nust be site specific to fit
the | ocal topegraphy. .Appendi x K provi des speci al detai
sheets for doecumentation ‘of the basin design. The
fiol | owi ng critieria Wi bl provide sone mninmumlimts,
speci al details and general guidance in the basin
desi gn.

St or'age/ Tr appi.ng Area

M ni mrum st orage bel ow top of riser:
2700 cubic feet per disturbed acre

M ni mum surface area:
Q X 350 ft?

Pl an di nensi on:
mnimumlength = 2 X width at dam

Excavati on:
| f the design requires excavation to attain
m ni mum st orage, slopes are to be 2:1
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Spillway (Riser)
Mninmumriser dianeter: 15 inches

M nimumriser height above barrel invert:
2 Xriser dianmeter, not to exceed 9.0 feet

Dianeter of riser is equal to barrel

Ri ser hydraulic requirenent:

The riser nust convey the Q discharge with a
head no greater than 0.5 tinmes the dianeteror
1.0 foot, whichever is less. A weir coeffici-ent
of 3.0 is to be used for the anal ysis of

di aneters of 15-36 inch, 3.5 for 36 inCh

and greater.

Spillway (Anti-flotation)

M ni rum depth of riser bel ow barrel invent:
1.0 foot

Weight of filter stone and ‘trash rack are
not considered in conputinng bald ast, force.

Wei ght of the riser, . steel base/plate (if used)
a portion of the barrel ( 2X dianeter) and
bal | ast (concrete,or stone)~are considered in
conputi ng bal | ast./f orce:

Wei ghts to%he used fn/conputation

Concret e = 86#/ cubi ¢ foot

St one = 62#/ cubi c f oot

St eel “Plate =9#/ square foot(0.25 in. thick)
CS Pi pe =45"- 10 #/LF

18”- 13 #/LF
24" - 17 #/LF
30"- 26 #/LF
36"- 31 #/LF
42" - 51 #/LF
48" - 58 #/ LF
54" - 65 #/LF
60"- 90 #/LF

Vol une of the entire riser above the invert and
a portion of the barrel equal to tw ce the

di aneter are to be used to conpute the buoyancy
force.

A mninmum safety factor of 1.2 is required.
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Spi | I way( Overfl ow)

Must be founded entirely in natural ground
i ncl udi ng side sl opes

El evation nmust be 1.0 feet above top of riser

Must be adequate in size to convey the entire
Qo discharge with a nmaxi mumweir head of 1.5

feet. A weir coefficient of 3.0 is to be used
for spillway performance anal yses.

Embanknent
- Slopes 2:1 or flatter

Mnimumtop wdth: 6 feet for 15"-36”
8 feet for >36"

Mnimumtop elev. = Gy W5 + 0.5

Maxi mum Hei ght :
Not to exceed 12 feet abowve | owest toe
or barrel invert

CONSTRUCTI ON PHASI NG FOR BOX CULVERTS

This is a recommended step hy step plan for

the construction of a strwueture includi ng requirenents
for; tenporary handling of flows wequired tenporary
erosion control itens,wand structure staging. This is an
identified acceptabl e nethod./ There may be others that
are nore appropriaterand-+acceptable. This should be

di scussed and apsyagreed towpl an devel oped during the
field inspectdan.

The final phasing plan must include:

A‘means aof shandling flow through the site
(ex. diversion pipes or channels)

A sequence of construction and appropriate
sedi nment controls

Plracenent and sizing of a stilling basin for
st orage of punped effluent for de-watering

Detailing of any tenporary easenents required
PERNMANENT CONTROLS
Per manent control neasures such as ditch lining and

pi pe outlet protection are included in the drainage pl an
recommendati ons and report.
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X1, STORMWATER MANAGEMENT

Generally, stormwater pollution can be categorized as
Poi nt Source (PS) and Non-Poi nt Source (NPS) pollutants. PS
pollutants are defined as any source of pollution that enters
the surface water of the U S. through pipes, ditches,
channels, etc. Typical exanples of PS pollution include
i ndustrial and munici pal wastewater discharges. NPS
pollution is pollutant that comes fromoverland runoff from
agriculture and urban areas. A typical exanples of the NPS
pollution is fertilizer nutrients that washed of f farn ands,
gol f courses and | awns.

Due to its various types of activities, the N C
Department of Transportation generates both PS and NPS
pollutants. Exanples of sources of PS pollutants are
mai nt enance yards, equi pnment shops, storage faciltties (sueh
as salt, fuel, herbicide, fertilizer, etc.), ferry operatibons
and hi ghway stormaat er drai nage systens.

An Exanpl e of NPS pollutant is stormaater runoffi from
hi ghways with only vegetative shoul ders,! epbanknents," and
ditches. The pollutants can be generated fromivari ous
hi ghway activities, which include clearing and grubbi ng on
construction sites, accidental spill's, application of,
dei cing agents, fertilizers, herbicides, .and paints. The
maj or constituents of stormatersrunoff. pol'lutant from
hi ghway runoff are; oil, grease, nitrates, phosphorus,
chromi um cadm um |ead, zinc,viron, nmanganese, copper,
chlorides, sulfates and parti cul ates.

The goal of this chaptersis to provide a nethod for eval uation
of potential inpact of proposed actions, and a procedure for
devel opnent and i npbenent ation of stormwater nmanagenent
practices to protect' the quality of the receiving surface
wat er S.i n the phanni ng,~desi gn, construction, and nai ntenance
of a/mubti-functional ~transportati on system
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St or mnvat er Regul ati ons and Prograns

Federal Laws

In 1977 the U. S. Congress anended the Federal Pollution
Control Act to regulate the discharge of pollution into
waters of the U S. and it was officially designated the
Cl ean Water Act (CWA). It serves as the cornerstone of
Federal law for all water quality prograns. It directs the
Envi ronnmental Protection Agency (EPA) and ot her regul atory
agencies to establish standards of water quality for states
to foll ow

In 1987 Congress passed a further anendnent to the act
whi ch added stormnater permits to the NPDES program under
Section 402. Section 404 of the Act defines navi-gabl e
waters of the United states and requires permnt
aut hori zation for the discharge of dredge or 41 materials
into these waters. A new section ( Section 319) addresses
nonpoi nt source pollution. Section 319 requires.each state
to better integrate the Coastal Nonpoint{ Program.and the
St at ewi de Nonpoi nt Program  Pursuant ‘to Section 401 of the
Act, issuance of permts under any of the above Sections of
the CWA is contingent on recei pt of 'water quality
certification by the State in whi‘ch~t he di,scharge
ori gi nat es.

State Laws and Prograns

A State Sedi nmentatiaon Poll utitons Control Act was adopted
in 1973. This pronul gated rul es“and regul ations to contro
accel erated erosion.and sediment resulting fromland
di sturbing activities. The Departnent of Transportation has
been del egated the authority to adm nister an erosion and
sedi ment programw t hi p-the departnent. Guidance for the
Hydraul i cs Engi neers’ «responsibilities in this activity is
provi ded i n~Chapt er -Xh *of these gui deli nes.

In 1988 t he EMC adopted Coastal Stormwater Rules to
regul at e "devel opnent activities in the states 20 coast al
counties. The rules require devel opers obtaining CANVA
permts to (include stringent sedinent and erosion contro
and stormat er managenent plans. The rul es provide | ow
densi tyfand hi gh-density devel opnent options. The | ow
densi tysoption allows construction area up to 25% of the | ot
forasSites within one-half (1/2) mle and draining to C ass
SA'(Shell fish) waters and 30% for other coastal areas. The
hi‘gh='density option requires on-site stormmater contro
measures, such as retention and detention basins.
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H ghway projects were considered to be exenpt from obtaining
i ndi vi dual action approval under subparagraph (a)(6), “

ot herwi se neets the provisions of the rule and has boat
ranps, public roads and bridges which m nimze inpervious
surfaces, diverts stormnater away from surface waters as
much as possi bl e and enpl oys best managenent practices to
mnimze water quality inpacts”

This act was anended and enacted on Dec. 1 , 1995
expanding requirenents to include devel opnent activities;
draining to Qutstandi ng Resource Waters, and those within
one mle of and draining to High Quality Waters. A general
permt for NCDOT roadway devel opnment activities was i'ssued
concurrent with the NPDES stormiater permt.

In 1989 the Water Supply Protection Act to protect
dri nki ng water supplies was passed by the State-Lkegislature.
It directed the Environnental Managenent Commisssi on (EMO)
to adopt regul ations and inplenent the prograns. It “also
classified the waters of the state based on their  quality
and significance to the nmunicipalities.

Hi ghway projects were addressed dnder Section'(m of the
final adopted rules on February 13/,1992. ¢The construction
of new roads and bridges and non-tesi denti,al devel opnment
should m ni m ze built-upon areas,, divert stormater away
fromsurface water supply asmch as possible, and enpl oy
best managenent practices (BMPS) to.mnimze water quality
i npacts. To the extent practicables the construction of new
roads in the critical areavshould be avoi ded. The Depart nent
of Transportation shall» use BWPs+as outlined in their
docunent entitled ,”.“\Best Managenent Practices for the
Protection of Surface Waters®(23).

An NPDES perniit for.~the NCDOT was issued on June 8,
1998. Requirenents contained in the permt address a broad
range of DOF ‘acti vitd.es. Included is a requirenment for
devel opnenty of a procedure to docunent newl y constructed
st-or mmater_‘outfalls and add themto a stormwater system
i'nventory of existing facilities. This docunentati on process
wi | L% ncl ude *t he 'devel opnent of project stormater
managenent_ (plans described later in this chapter.

On_Decenber 11, 1997, the Environmental Managenent
Comm ssi.on (EMC) approved the Neuse R ver Nutrient Sensitive
Wat ers.(NSW Managenent Strategy. This strategy establishes
a.goal to reduce annual nitrogen delivery to the Neuse River
Estuary from poi nt and nonpoi nt sources by a m ni mum of
thirty percent (30%. Mandates have been proposed for point
source di scharge, urban stormater managenent, ani mal
operations, riparian buffers, and nutrient nanagenent. A
tenporary riparian rule becane effective in January 1998,
the entire package of rules is to go into effect August 1,
1999.
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The riparian rule requires the protection and
mai nt enance of existing forested buffers on each side (50
feet) of surface waters in the Neuse R ver Basin
(intermttent streans, perennial streans, |akes, ponds,
and estuaries) as indicated on the nost recent version of
United States Ceol ogi cal Survey (1:24,000) topographica
maps. Certain permtted uses and exenptions that affect
hi ghway activities are:

Di tches- existing ditches through the riparian
area may be maintained. New ditches can not be
cut through the riparian area and fl ows nust be
di spersed into sheet flow before entering the
buffer.

Road crossings- Road crossings through the
riparian area are allowed, provided they(show that
no practical alternative exists. They (are

desi gned, constructed and mai ntai ned .o m ni mze

di sturbance and protect water quality.

Application for this exenption nust\be nade (to DWQ
Wet | and/ 401 Unit.

| npact on DOT project devel opnent, acti vitysfromthe
remai ni ng sections of the final rulerare anti.cipated to
be imted to urban stornmwater nanagenent.’.Required
proj ect measures are expected.to be the sane as those
contained in the stormvater rules forcoastal, high
qual ity and outstandi ng resource waters.

Best Managenent Practices (BVRS)

In March 1997 NCDOIL published a handbook entitled
“Best Managenent sPractiCes,for Protection of Surface
Waters” (20). ( BMPs are.defined as activities, practices
and, procedures..undertiaken to prevent or reduce water
polil ution ™ “They are“categori zed as preventive and
control easures .\Preventive neasures, also referred to
as Non-Structural BMPs, are conceptual nanagenent or
desirgn-pr acti.ces which elimnate or reduce pollutants at
thessources._ Control neasures, also called Structura
BMPs, ar.e“engi neered neans to renove or reduce the
concentration of pollutants fromthe runoff before they
enter ‘the receiving streans. The BMP docunent serves as
a coapendi um covering both preventive and contro
neasures that are inplenmented in NCDOTs vari ous
activities. These activities include general maintenance
operations and facilities, construction operations
i ncludi ng tenporary erosion and sedi nent control, as wel
as project planning and design.
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Many non-structural BMPs should be considered in the
proj ect planning process and initial establishnment of
general criteria for design to | essen potential for
pol l utant inpact on the receiving streans. Sonme exanpl es
are |isted below. Further should be nade to NCDOT, “Best
Managenent Practices For Protection of Surface
Wat er s” ( 20) .

Chose alternatives such as w dening the existing
roadways over new | ocati on.

Use design alternative such as grass nedi ans and
shoul ders in lieu of inpervious nmaterials.

Sel ect roadways options wth shoul der sections)over
curb and gutter sections.

More site specific BMP usage, including structural\BMPs is
di scussed in the stormnater plan preparation Section.

St or mmvat er Managenent Pl ans

The Hydraulics design engi neer. must develop a St ormater
Managenent Plan (SMP) as wel | as\drai nage_reconmnmendati ons.
The SMP will be in a report type format, which reflects the
foll owi ng sequence of devel opnent.

| dentify Project Involvenent
Eval uat e Potenti al, hmpact
Sel ect qand | npl enent BMPs
Prepar evDesi gn Detail s

| dent i fiy “Proj ect I nvol venent

The design. engi neer should first review the project
pl anni ng docunment for environnental concerns and
comm tnents. The engi neer should also investigate the
cl assifueati ons of all streamcrossings using the
envimonment al sensitivity base maps, which were jointly
devel.oped by the NCDOT, NCDENR and ot her governnental
agencies. These maps are 1:100, 0000 scal e and are updat ed
every five years. They depict all regulated waters in
North Carolina. These include water supply, coastal
out standi ng resource, and high quality waters. O her
wat er classifications which warrant particul ar
consideration are Trout and Nutrient sensitive.

Resulting fromthis step should be a listing of stream
crossing and/or discharge sites that require eval uation
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for potential inpact. A finding that there are no sites
requiring special consideration is a potential outcone.

Eval uate Potential | npact

The Hydraulics Engineer will performa prelimnary

eval uation of the potential inpact of the proposed project
on the receiving stream at each individual site. The
evaluation at this point will be sonmewhat subjective, but
w Il be based on sound judgnent and experience. The
foll ow ng paranmeters should be considered in the

eval uati on process.

The proximty of the discharge point to
the receiving stream |s thi's-a direct

di scharge or is there sufficient, area for
di lution?

The vol une and type of tvaffigy s the
vol ume in excess of,~30, 000 ADT2 Is there
heavy truck and/or ‘high potential
pollutant traffi.cC®?

The ratio of the I nperyious surface of
contri buting highway area to the tota
wat er shed _of “t he receiving stream

Preventive \BMPs that are enpl oyed.
Val ue of __t he water resource.

Si t e hi ghways geonetry and potential for
acci dent al*, spi*l | .

If this prelivm nary eval uati on suggests that the
proposed roadway poses.a low risk to the receiving
streans, the“hydraulic design engi neer may docunent the
assessnent ~and «concl ude that standard BMPs are sufficient
for protecti on~efy the receiving waters and that no
special cont ol nmeasures will be required.

If the prelimnary eval uati on suggests that the
proposed.roadway may pose a risk to the receiving
streans, the hydraulic design engi neer should proceed as
f ol ["ows:

1. Define the target pollutants to be eval uated at
the site of interest.

2. Determ ne the | oading of the major pollutants
fromthe proposed hi ghway, based on; traffic
counts and types, roadway types, drainage areas,
etc. Reference Chapter 3 of FHWA, “Eval uation
and Managenent of Hi ghway Runoff Water

Quality,”(17).
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Sel ect and | npl enent BMPs

In order to effectively reduce the pollutants from
hi ghway runoff, the design engi neer should investigate
bot h non-structural and structural BMPs applicable to
each point source of interest. The investigation
shoul d proceed as foll ows:

1. Eval uate potential BMP control nmeasures for the
site, based on the |and, topography, soil and
roadway types.

2. Investigate the pollutant renoval capabilities
of these BMP control neasures. For design
details reference Chapters 3 and 5 of FHWA
“Eval uation and Managenent of Hi ghway+Runof f
Water Quality”(24).

3. Conduct cost and risk assessnent for. each, BMP
control neasure. Cost anal ysis~shall include
 and, structure, construction and mai ntienance.

4. Sel ect the nost feasible BVMP.control.‘measure for
the site.

For the design details ©f,these icontrol neasures,
t he desi gn engi neer may referencethe follow ng
publ i cati ons:

1. “Eval uati on and._Management of Hi ghway Runoff
Wat er Qual isty, FHWA-PD-~96-032, 1996(21).
2. “Stormwat er Best Managenent Practices”,
Di vi si on~of< Water “Quality of NCDENR, 1995(25).
3. AASHTO 'Dr-ai nage~@ui del i nes, Vol une
12, “ St or mwat er “Managenent”, (1) .

Pr epar e /Desi gn Detai | s

Jo conplet'e the drai nage and stormat er design
the desi gn_engi neer should sunmarize all the
recommended control neasures in a “report” type
format .~ 'The report should first include the
overvi ew of the project and scope of the
st ormnat er managenent plans. It should then
identify the names, |ocations, and classifications
of the receiving streans at the outlet of each
system At each outlet, all BMP preventive and
control neasures should be |isted and described in
details. Design details should be provided on
separate sheets for |arge structures, such as:
detention and retention basins, infiltration
basi ns, and constructed wetl| ands.
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The report should al so include major drainage
structures, such as bridges, culverts, etc., which
are located within environnentally sensitive
areas. Any direct discharge fromthese structures
such as deck and approach drains, or direct
connection of stormdrain systens to the cul vert,
etc. should be avoi ded and docunent ed.

Water Quality Related Practices and CGuidelines

St ream Crossi ngs

As hi ghways cross uni que streans, such as trout jand
anadronmous fish streans, special design considerations qare
required in selecting drainage structures and roadway
facilities. It is the goal of the hydraulici desSign
engi neers to devel op engi neering plans whi ch provide
favorabl e aquatic habitats and al so arerhydraul ircaly
feasi bl e and cost effective. In devel opnent ofd{the crossing
desi gn consi deration nmust be given,tosthe foll'ow ng genera
gui del i nes:

1. Fl ow conditions at normal ‘and bank-ful | di scharges
shoul d be thoroughly investigated .to ensure that the
structures wll not inpede fish passage.

2. The slope of the replacenment/ eulverts shoul d be
conpatible to that of the @xisti ng channel .

3. The bottom sl ab_of cul verts-should be buried 1 foot
bel ow t he bed_and covered-wi th natural bed materials.

4. Baffles cam be jinstalded inside the culvert to
pronote the, establishment of a natural substrate.

5.1t is desirable to maintain a normal velocity in the
cul vert “conpar ablie«to that of the existing channel

6. I n cobble bed(stiream naterial conparable to the
nat ural bedwmaterial should be placed in the
stiructwur e.

7. (Channel odifications at the inlet and outlet of
cul verts 'should foll ow guidelines presented in the
foll eow ng secti on.
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St ream Rel ocati on

As the result of highway inprovenent activities, such as
construction of new roads and w dening of existing roads,
natural streans sonetines are unavoidably filled or
encroached upon by the proposed enbanknent. Unl ess the
natural streans are properly realigned, it may result in an
adverse inpact on the fish habitats, bank erosion, channe
degradati on, and floodi ng problens. The hydraulic design
engi neers shoul d thoroughly review the physical and dymam c
characteristics of the natural streans and devel op
repl acenent channel s that are ecol ogi cal, geonorphi¢c/and
hydraulically conpati bl e. Reference channel section“of
Chapter X

Anadr onmous Fi sh

Anadronous fish are a uni que and val‘uabl e resour ce.
Streans utilized by anadronous fish have been-ivdentified on
Envi ronnmental Sensitivity Maps. Wile nost of 'the
anadromous fish are found east ofd{ 4 -95, they mgrate in
the Neuse and Cape Fear Rivers as far as. Wake and Harnett
counties. Wen a proposed highway crosses anadronous fish
streans, the hydraulic designwengi neer__shoul d devel op the
nost practical drainage plans, which'will |east adversely
i npact their novenent and.habitats, .'Desi gn guidance is
present in the departnent’s “Stream crossing Cuidelines for
Anadr onous Fi sh Passage™ (Appendi x N).

Hazar dous Spi |l | < Basi ns

Hazar dous»Spi | | Basins are provided i n new hi ghway
const ruct i-on=aj or « hnpriovenment projects at strategic
| ocati ons al ong arterial system highways to aid in
cont ai.anent and.'cl’'ean up of accidental spills. The
det ermi_nati on of these strategic |l ocations is based on
concentrated truck usage areas such as parking sites at
rest' areas, wei ght stations, and runaway ranps, as well as
for highway segnents in close proximty to particularly
sensi tive waters such as outstanding resource waters and
wat er /supply sources. For guidance in the design and
sehection of location for these devices the engi neer should
ref erence the departnent’s, “GCuidelines For The Location
And Design O Hazardous Spill Basins”(Appendix O.
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Xil1. PERMTS

The drai nage study and hydraulic design process includes the
devel opnent of permt drawi ngs and conpl etion of pertinent
application forms for State and Federal environnental permts.

The material is devel oped through coordination with the Natural
Systens Unit and upon conpletion is provided to themfor submttal
to permtting agencies. The procedure for devel opnent of the
drawi ngs and application should be as follows:

(1)

(2)

(3)

(4)

Revi ew the environnmental document to obtain wetland
area, identifications, jurisdictional streans and other
information regarding permt requirenments. Wile_ the
pl anni ng docunments include delineation of wetland
limts, it is not generally of sufficient detai
in actual limt description to fully define the
project/wetland invol vemrent. This requires
detailed field confirmati on by the hydraulii cS desi/gner.
| f questions arise, the environnmental permtting
section, nmust be consulted for assistanee”in the
anal ysi s.

Assenbl e i nformati on gat hered, duri ng-the pre-design
study, field survey and design that is pentinent to the
permt application. This would " ncl ude:

- Location and cl assificatiion-of wetl and and streans
- Topo. and el evation data, at sites

- Drainage structure and/ or channel design data

- Watershed area

- Flow data (ex. average, lLow,\bankfull )

Prepare the permt drawi'ngs. An exanple drawing is
i ncl uded as Appendix L. *“The drawings are to
conformto, and‘shoul dsinclude as a m ninmumthe
fol | ow ng:

- Drawingsiare to _be on standard letter-size paper with
alini left margrn and Y% in. remaining margins.

- Nunber, of sheets i's optional but nust be to scale and
cl eardy depi~Ct,"t he wetl and i nvol venent .

- Lecation-yicinity maps showi ng project |ocation and
permt site(s).

- Plan view of site(s) including pertinent drainage and
roadway, features, wetland limts, area of wetland
di sturbance, fill below ordinary high water, property
owners.

-~Profile view of site(s) show ng roadway grade, natural
ground, ordinary high water, drainage structure, fill
bel ow ordi nary high water, wetland limts.

- Section viewif needed to clarify proposal.

- Quantities for each site of total fill within the
wetl and area, fill bel ow ordinary high water and
acreage of wetland fill are to be included on the
sket ches.

Conpl ete application form
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Wth use of electronic drafting techni ques which provide many

| ayers of data, it is inportant that the permt draw ngs be easy
to interpret. To acconplish this, Iimt the anobunt of data on the
drawings to that which is necessary for clearly identifying the

permtted activity and avoid cluttering the sheet wth unnecessary
i nformation.
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Xl V.

(1)
(2)
(3)
(4)

(5)

(6)

(7)
(8)
(9)

(10)

(11)
(12)
(13)

(14)
(15)
(16)
(17)
(18)
(19)

REFERENCES

AASHTO, Hi ghway Drai nage Qui del i nes.

AASHTO, Model Drai nage Manual .

NCDOT,
USGS,

USGS,

USGS,

FHWA,
FHWA,
FHWA,

FHWA,

FHWA,
FHWA,
DOTs,

FHWA,
FHWA,

Subdi vi si on Roads M ni nrum Constructi on Standards

VRl - Report 87-4096, Magnitude and Frequency of Kl oods
in Rural and Urban Basins of North Carolina.

VWRI - Report 96-4084, Estimation of Fl ood-Frequency
Characteristics of Small Urban Streans

WRI - Report 96-4085, Estimating Fl ood Hydregraphs for
Urban Basins in North Carolina.

HEC- 22, Urban Drai nage Desi gn Manual(.
HDS- 2, Hi ghway Hydr ol ogy.

Federal - Al d Policy Guide, 23.CFR 650A, Location and
Hydraul i ¢ Design of Encroachnents on Fl ood Pl ai ns.

TS-84-204, Cuide for Selecting Manning’s Roughness
Coefficients for Naturalt Channels and Fl ood Pl ai ns.

HEC- 21, Design of Bri‘dge Deck Drains.
HEC- 18, Eval uating Scour_at Bridges.

Pool ed Fund\Study, Fidal Hydraulic Mdeling for
Bri dges- Users Manual:

HEC- 205, "Stream~Stabi |l ity at H ghway Structures.
HDS- 5,y Hydraulic Design of Hi ghway Cul verts.
Roadway .Desi gn Manual .

Roadway. St andard Draw ngs.

HEC-'11, Design of Riprap Revetnent.

HEC- 15, Desi gn of Roadsi de Channels with Flexible
Li ni ng.
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(20) FHWA, Trai ni ng and Desi gn Manual, H ghways and the River
Envi r onnent .

(21) Rosgen, Applied River Mrphol ogy.
(22) NCWRC, @uidelines for Stream Rel ocation and Restoration in
North Carolina.

(23) NCDOT, Best Managenent Practices for Protection of
Surface Waters.

(24) FHWA, PD- 96- 032, Eval uati on and Managenent of Hi ghway
Runof f Water Quality.

(25) NCDENR, Stormwater Managenent Gui dance Manual .
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APPENDIX A

HYDRAULIC DESIGN DOCUMENTATION SUMMARY

I.D. # COUNTY: PROJECT NO:
DESCRIPTION :

PROJECT DESIGN

ENGINEER: ENGINEER: DATE:

THE FOLLOWING CHECKED DESIGN ITEMS HAVE BEEN DEVELOPED AND ARE
CONTAINED IN THE PROJECT DOCUMENTATION FILES:

1. PRELIMINARY DESIGN AND ASSESSMENT OF STREAM CROSSING AND
ENCROACHMENTS
2, CHECKLIST FOR DRAINAGE STUDY AND HYDRAULIG-DESIGN
3. STRUCTURE SURVEY RECOMMENDATIONS
4. PIPE MATERIAL RECOMMENDATIONS
5. PIPE DATA SHEETS (NUMBER _(~ )
6. STORM DRAINAGE COMPUTATION SHEETS ((NUMBER ____ )
7. CULVERT SURVEY REPORT(S) (NUMBER )
8. A-BASINS AND CONSTRUCTION PHASING FOR BOX CULVERTS (NUMBER )
9. CULVERT SURVEY FIELDNOTES (NUMBER OF SETS )
10. BRIDGE'SURVEY REPORT(S) (NUMBER )
11. BRIDGE SURVEY EIELD NOTES (NUMBER OF SETS )
12. PERMIT ACTION LETTER
13. PERMIT\APPLICATION (DATE SUBMITTED )
14, FLOGDWAY MODIFICATION (DATE SUBMITTED )

15. OTHER:



APPENDIX B
SHEET 1 OF 5

CHECKLIST FOR DRAINAGE STUDY AND HYDRAULIC DESIGN

I.D.: COUNTY: PROJECT ENGINEER: DATE:

PRIOR TO FIELD SURVEY (TO BE COMPLETED PRIOR TO FIELD TRIP)

APPROVED BY DATE :

1. HAS PLANNING REPORT BEEN REVIEWED? ARE THERE ANY COMMITMENTS OR REQUIRE-
MENTS WHICH WOULD AFFECT THE DESIGN?

2. ARE THERE ANY PRIOR SURVEYS AT STREAM CROSSINGS? ARE THERE ANY PRIOR
SURVEYS AT UP AND DOWNSTREAM STRUCTURES

3 .WHAT IS FLOOD ZONE STATUS?

4.CHECK FOR SCS WATERSHED INVOLVEMENT.

5. ARE THERE ANY STREAM GAGES IN AREA? (DATES AND FREQUENCIES OF MAJOR FLOODS)

6. OBTAIN DRAINAGE AREA AND DESCRIPTION OF EXISTING\STRUCTURES.

7. DEVELOP PRELIMINARY DESIGN DISCHARGES ANDESTIMATES OF STRUCTURE TYPES AND

SIZES.

8. DETERMINE POSSIBLE PERMIT, REQUIREMENTS,

9. PREPARE'SKETCHES,FROM AVAILABLE FIELD DATA.

10¢ARE THERE ANY-HYDROLOGIC / HYDRAULIC STUDIES WITHIN THE PROJECT AREA BY
AGENCIES SUCH AS: THE CORPS OF ENGINEERS, TVA, CITIES OR COUNTIES?

11. WHAT ARE SQURCES FOR WATERSHED AREA OR DELINEATION?

12. HAS PROJECT INITIATION SHEET BEEN SUBMITTED?



APPENDIX B
SHEET 2 OF 5

FIELD STUDY

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, OR N/A

1. TOPO IS TO INCLUDE BUT NOT LIMITED TO:

a.

b.

2. LEVELS

a.

CHANNEL BANKS AND WATERS EDGES

EXISTING STRUCTURES (BRIDGES, CULVERTS, AND STORM DRAINAGE
SYSTEMS)

UTILITIES (POWER, WATER, GAS, TELEPHONE, SANITARY SEWER, ETC.)
ROADWAY PAVEMENT, SHOULDERS AND TOE OF FILLS

ANY DEVELOPMENT ADJACENT TO SITE, UP AND DOWNSTREAM

EDGE OF FLOODPLAIN

DRAINAGE COURSES AND DRAINAGE DITCHES

WETLAND LIMITS

CENTERLINE PROFILES OF NATURAL GROUND AND EXISTING HIGHWAY
( WHERE APPLICABLE ) ACROSS FLOODPLAIN

SECTION UNDER BRIDGE

SIZE, DEPTHS, AND INVERTS OF ‘ALL CULVERTS AND STORM DRAINAGE
SYSTEMS

STREAM BED; NATURAL GROUND, AND WATER SURFACE PROFILE ( NORMAL
ELEVATION AND ELEVATION AT DATE OF SURVEY ) UP AND DOWNSTREAM
FOR A SUFFICIENT DISTANCE BEYOND LIMITS OF CONSTRUCTION. (EXTEND
OUTLET DITCH PROFILES AS FAR AS NECESSARY TO REACH ADEQUATE
CAPACITY )

FLOODPLAIN'CROSS-SECTIONS AS DEEMED NECESSARY FOR PERFORMING
BACKWATER ANALYSIS

ELEVATION OF ANY UP OR DOWNSTREAM DEVELOPMENT THAT WOULD BE
CONSIDERED IN DESIGN ( EXAMPLE: ELEVATION OF HOUSES, BASEMENTS,
YARDS, GARDENS, BARNS, AND PONDS )

ELEVATION OF ANY DEBRIS OR OTHER HIGH WATER MARKS
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3. SCOUR POTENTIAL: OBTAIN THE FOLLOWING FIELD INFORMATION IN ADDITION TO THE
NORMAL BRIDGE CROSSING DATA

a.

WHAT IS THE STREAM BEDS AND FLOODPLAIN MATERIAL? IF SAND, IS IT
FINE ,MEDIUM, OR COURSE?

ARE THE STREAM BANKS STABLE? ARE THERE VISIBLE SLUMPS, VERTICAL
BANKS, LEANING TREES, OR UNDERCUT BANKS?

AT EXISTING CROSSING SITES:

OBTAIN A TYPICAL CHANNEL SECTION AT SUFFICIENT DISTANCE UP OR
DOWNSTREAM BEYOND CROSSING AFFECTS

OBTAIN BED PROFILE EXTENDING WELL BEYOND SCOUR AREA

WHAT TYPE FOUNDATION DOES EXISTING STRUCTURE HAVE?

IF FOOTING IS VISIBLE, NOTE CONDITION

OBSERVE GROUND CONDITIONS AROUND EXISTING PIERS ANDSPILL
THROUGH SLOPES. IS THERE INDICATION OF PREVIOUS SCOUR? IF SO IS
DEPTH RECOGNIZABLE?

4. RECONNAISSANCE

a.

DRIFT POTENTIAL, SIZE AND QUANTITY. ( QUESTION SOURCES WHEN HIGH-
WATER INFORMATION IS OBTAINED?)

IDENTIFY CULTURE IN FLOODPLAIN FOR DETERMINATION OF FLOW
RESISTANCE AND DISTRIBUTION ( ESTIMATE "N" VALUES )

IDENTIFY DEVELOPMENT IN FLOODPLAIN THAT COULD BE AFFECTED BY
BACKWATER, DOWNSTREAM EROSION OR REDUCTION OF FLOW

IDENTIFY STORAGE AREAS,/SUCH AS PONDS, LAKES, ETC., FOR POSSIBLE
ADJUSTMENT OF DISCHARGE RATES WHERE APPLICABLE

REVIEW ADEQUACY OF DOWNSTREAM CHANNELS FOR CONVEYANCE OF
INCREASED DISCHARGE RATES

PHOTOGRAPHS OF SITE(S)

LOGATION AND CLASSIFICATION OF WETLANDS
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SHEET 4 OF 5
5. OBTAIN HISTORICAL H.W. INFORMATION SOURCES: ( NAMES AND ADDRESSES )
a. LOCAL RESIDENTS
b. BRIDGE MAINTENANCE PERSONNEL
C. ROADWAY MAINTENANCE PERSONNEL
d. FREQUENT ROAD USERS ( EX. MAILMAN, DELIVERY PEOPLE)
QUESTIONS:
a. MAXIMUM H.W., WHEN IT OCCURRED?, WHAT DAMAGE OCCURRED?, PERIOD

OF KNOWLEDGE OF PROVIDER

b. OTHER LESSER FLOOD LEVELS, HOW OFTEN?
C. YEARLY OCCURRENCE
d. O.H.W. FOR POSSIBLE PERMIT

6. DATA ON UP AND DOWNSTREAM CROSSINGS

a. SIZE
b. RELATIVE LEVELS OF STRUCTURE AND-ROADWAY
C. PERFORMANCE ( FLOOD HISTORY,)

HYDRAULIC STUDY

THE FOLLOWING INFORMATION:S-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

3. HAS,AN ECONOMIC ANALYSIS BEEN MADE FOR ANY CROSSING DESIGNS?
HAS A LESSERDESIGN STANDARD BEEN CONSIDERED?
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4. HAS PROPOSED STRUCTURE OR DESIGN BEEN CHANGED FROM WHAT WAS
RECOMMENDED IN PLANNING REPORT? IF SO, HAS PLANNING BEEN NOTIFIED OF
CHANGES?

5. HAVE INVERT GRADES OF STORM DRAINAGE SYSTEMS BEEN PLOTTED AND PROVISIONS
MADE FOR UTILITY CONFLICTS?

6. HAVE WATER SURFACE PROFILES THROUGH STORM DRAINAGE SYSTEMS BEEN PLOJTED?

7. HAVE EVALUATIONS BEEN MADE OF OUTLET CHANNELS FOR POTENTIAL AFEECT OF
PROJECT DEVELOPMENT?

APPROVED BY DATE
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SHEET 2 OF 8
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JAN, 1973
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PRELI M NARY DESI GN AND ASSESSMENT OF
STREAM CROSSI NGS AND ENCROACHMVENTS

COUNTY PRQIECT NUMBER
STREAM ROUTE
ASSESSMENT PREPARED BY DATE

HYDROLOGE C EVALUATI ON
NEAREST GAG NG STATI ON ON THI S STREAM ( NONE )

ARE FLOOD STUDI ES AVAI LABLE ON TH S STREAM

FLOOD DATA:
Qo __ OFS EST. BKWR ___ FT. Qg __ GPS\ EST. BKWIR ___ FT.
Qo ___ OFS EST. BKWR ___ FT. Qo __% CFS EST\ _BKWIR ___ FT.
Q00 __ CFS OR OVERTOPPI NG CFS EST. BKWIR ___ FT.
DRAI NAGE AREA METHOD USED TO COMPUTE Q

PROPERTY RELATED EVALUATI ONS
DAMAGE POTENTI AL:  LOW MODERATE HI GH

COULD THI' S BE SI GNWNFRCANTLY I'NCREASED BY PROPOSED

ENCROACHMENT: _YES .\ NO
EXPLANATI ON.
LI ST.BUMLDI NGS | N*FLOOD PLAI N LOCATI ON

FLLOOR" ELEVATKON
UPSTREAM LAND USE
ANTI € 'RPATE ANY CHANGE?

ANY. FLOOD ZONI NG? (FI A STUDIES, ETC.) YES NO
TYPE OF STUDY

BASE FLOOD ELEVATI ON (100 YEAR)
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REGULATORY FLOODWAY WDTH (AS NOTED I N FI A STUDI ES)
COMMVENTS:
TRAFFI C RELATED EVALUATI ONS

PRESENT YEAR TRAFFI C COUNT VPD % TRUCKS'.~
DESI GN YEAR TRAFFI C COUNT VPD % TROCKS. /> +
EMERGENCY ROUTE SCHOOL BUS ROUTE MAI L7 ROUTE~
DETOUR AVAI LABLE? LENGTH OF DETOUR ¢+ ‘M LES

DCES THE LEVEL OF TRAFFI C SERVI CE OF AN EXI STI'NG CROSSI NG VARY GREATLY
FROM STANDARD DESI GN LEVELS?

| S THE TRAFFI C VOLUME, TYPE, USAGE«SUCH TO MWMWARRANT CONSI DERATI ON FOR
VARI ANCE FROM STANDARDS OR EXI STIL.NG LEVEL. OF' | NTERRUPTI ON?

COVMENTS:

H GAVAY AND BRI DGE ( CUEVERT) RELATED EVALUATI ONS

NOTE ANY OUTSI DE_FEATURES \WHI CH M GHT AFFECT STAGE, DI SCHARGE OR
FREQUENCY.

LEVEES () AGGRADATI ON/ DEGRADATI ON RESERVO RS

DI VERSI ONS .+  DRAI NAGE DI STRI CT NAVI GATI ON

BACKWATER, FROM ANOTHER SOURCE

EXPLANATI ON:
ROADWAY ‘OVERFLOWN SECTION (NONE ) LENGTH ELEVATION
EMBANKMENT: SO L TYPE TYPE SLOPE COVER

COVMENTS:
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ENVI RONVENTAL CONSI DERATI ONS

LI ST SPECI AL CONDI TI ONS OR CONSI DERATI ONS WHI CH AFFECT HYDRAULI C
DESIGN (NONE __ )

M SCELLANEOQUS COVMENTS

| S THERE UNUSUAL SCOUR POTENTI AL? YES __ NO __ PROTEGTT ON NEEDED
ARE BANKS STABLE? PRQTECTI ON\.NEEDED
DOES STREAM CARRY APPRECI ABLE AMOUNT OF LARGE-DEBRI S?

COMMVENTS:

ALTERNATI'VES

RECOMVENDED DESI GN
DETOUR STRUCTURE

LOW ROADWAY GRADE DETOUR GRADE

BRI DGE WATERWAY OPENI NG CULVERT OPENNING
WERE GTHER HYDRAULI)C ALTERNATES CONSI DERED? YES NO

DI SCUSSI ON:

THI S SI'TE ASSESSMENT | NDI CATES THE DESI GN SHOULD FOLLOW

(WU LN NORMAL PROCESS
(2) AN NORMAL PROCESS W TH SPECI AL SPECI FI C CONSI DERATI ON FOR
(3) SPECI FI C DESI GN PROCESS W TH APPROPRI ATE RI SK/ ECONOM C

EVALUATI ON ADDRESSI NG




1.D. No. ProJect No

Bridge Inv. No.

Stream

APPENDIX E

SHEET IOF 3
BRIDGE SURVEY & HYDRAULIC DESIGN REPORT
N. C. DEPARTMENT OF TRANSPORTATION
DIVISION OF HIGHWAYS
HYDRAULICS UNIT
RALEIGH, N. C.
1.D. No. Project No. ProJ. Station
County Bridge Over Bridge Inv. No.
On Highway Between and
Recommended Structure
Recommended Width of Roadway Skew
Recommended Location Is (Up, A+, Down Stream from ExIsting Crossing).
Nearest Shipping Polnt on R.R. — Miles From Bridge

Bench Mark Is

Elev. ___________ Datum:

Temporary Crossing

_USE THIS SPACE FOR PHOTOGRAPH
OF PROPOSED SITE, SHOWING CENTERLINE,
DIRECTION OF FLOW AND OTHER
IMPORTANT POINTS ON PHOTOGRAPH.
Desligned bys: Date
Assisted by:

ProJect Englineer:

Revlewed by:
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Dralnage Area Source Character

Stream Classlflcatlon (Such as Trout, High Quallty Water, etc.)

Data on ExIsting Structure

Waterway Opening

Data on Structures Up and Down Stream

Deslign Control Elev.

Gage Statlon No. Period of Records

Max. Discharge c.f.s. Date Frequency

Historlcal Flood Information:

Perilod of
Date Elev. Est.Freq. Source Knowledge
Perlod of
Date Elev. Est.Freq. Source Knowledge.
Period of
Date Elev Est.Freq. Source Knowledge
Historlcal Scour Info. : General_______  Contraction Local
ChannelSlope ____ Source Normal Water Surface Elev.
Manning’s n : Left 0.B.______ Channel____ RIght 0.B. ______  Source
Flood Study / Status Floodway Established?
Flood Study 100 yr.Discharge_ c.f.s.; W.S.Elev.: With Floodway__ Without Floodway.
DESIGN DATA
Hydrologlcal Method
Hydraullc Deslign Method
Floods Evdluated: Freaq. Q Elev. Backwater Bridge Opening Veloclty
Waterway Opening Provided Beloy: Design W.S. Elev. , 100yr \.S.Elev.
Average Channel Velocity (Design) Average Overbank Veloclty (Deslgn)
Computed Scour : General ___ Contraction Local

Is a Floodway Revislon Required?




APPENDIX E

INFORMATION TO BE SHOWN ON PLANS SHEET 3 OF 3
Deslign: Discharge c.f.s. Frequency Elev.
Base Flood: Dlscharge c.f.5. Frequency 100 Yr. Elev.
Overtopping: Discharge c.f.s. Frequency Elev.

ADDITIONAL INFORMATION AND COMPUTATIONS




ProJect No.

1.D. No.

Stru. No.

Stream

CULVERT SURVEY & HYDRAULIC DESIGN REPORT

N. C. DEPARTMENT OF TRANSPORTATION
DIVISION OF HIGHWAYS
HYDRAULICS  UNIT

APPENDIX F
SHEET IOF 3

RALEIGH, N. C.
1.D. No. Project No. ProJ. Station
County Stream Stru. No.
on Highway Between and
Recommended Structure
Recommended Width of Roadway Skew

Recommended Location 1s (Up, At, Down) Stream from ExIsting Crossing.

Bench Mark Is

Elev. _______ Datum:

Temporary Crossing

USE THIS SPACE FOR PHOTOGRAPH
OF PROPOSED SITE, SHOWING CENTERLINE,
DIRECTION OF FLOW AND OTHER
IMPORTANT POINTS ON PHOTOGRAPH.

Desligned by:

Date

Asslsted by:

ProJect Englneer:

Reviewed by:



APPENDIX F
SITE DATA SHEET 2 OF 3

Dralnage Area Source Character

Stream Classlflcation (Such as Trout, High Quality Water, etc.)

Data on ExIsting Structure

Data on Structures Up and Down Stream

Gage Statton No. Period of Records

Max. Discharge c.f.s Date Frequency

Historlcal Flood Information:

Period of
Date Elev. Est. Freq. Source Knowledge
Perlod of
Date Elev. Est. Freq. Source Knowledge
Allowable HW Elev. Normal Water Surface Elev.
Manning’'s n : Left 0.B.______ Channel_____ RIght 0.B. ______  Obtalned From
Flood Study / Status Floodway Established?
Flood Study 100 yr.Discharge_____ c.f.ss W.S.Elev.: With Floodway________ Without Floodway.
DESIGN DATA
Hydrologlcal Method
Hydraullc Design Method
Design Tallyater * Qg — 5 Qp — 3 O50—— 5 Qpo——F 0500
Inlet Control Outlet Control
do+D Remarks
Size & Type Q Ke | HN/D| H.W. do [S5=| ho| H |LSo| H.\.
Is a Floodway Revislon Required?
Outlet Veloclty.(V|q) Natural Channel VelocIty,(V !

Required Outlet Protection

INFORMATION TO BE SHOWN ON PLANS

Deslign: Discharge _____ c¢.f.s. Frequency Elev.

Base Flood: Discharge ____ c¢.f.s. Frequency 100 yr. Elev.

Overtopping: Discharge ____ ¢.f.s. Frequency Elev.




APPENDIX F
SHEET 3 OF 3

SIDE-TAPERED INLET SLOPE-TAPERED INLET

Bf B ‘r

/mzl to 6:l) Taper(4:to 6:l)

ADDITIONAL INFORMATION AND COMPUTATIONS




Date: Sheet of
Project Number: I.D. No.: County: Designed By: Checked By:
CL Elev.: ft Plan Summary Data

Shoulder Drainage Area:

Elev.: ft Design Freq.:
Station: Design Disch.:
Skew: Design H.W. Elev.:
Size/Type Pipe: T H Q100 Discharg.:
Type Enterence: H.W. Q100 Elev.:
Direction of Flow: LS, —+— TW Overtopping Freq.:
Hydrological Method: Inlet —  So= Overtopping Disch.:
H.W. Control Elevation: Invert Elev.: ft L= ft Outlet Inv. Elev. ft Overtopping Elev.:
PIPE CULVERT ANALYSIS (English) rcp=.012, cmp=.024 Channel Specs Slope: Lt. Side Slope

n= Base= n= Rt. Side Slope
BARRELS FREQ | TW Q Nat. [Allow. Inlet Control Qutlet Control HW | V, Remarks

SIZE/TYPE| # (yr) ft ft*3/s |H.W.| HW. || HW/D | HW (ft) Ke d. |(d.tD)/2| h, H L*So HW | ELEV. | Q/A




APPENDIXH
SHEET 1 OF 11

ROADWAY DESIGN MANUAL PART 1
TABLES 5 & 6
5-5
CORRUGATED STEEL PIPE — HEIGHT OF FILL LIMITATIONS
2" x» " or 2-2/3" x« " Corrugations ~ Riveted, Welded, or Helical Fabrication
3 0.064" 0.079” 0.109" 0.138" 0.168"
£ E‘:E (16 Gal) (14 Ga)) (12 Ga.) (10 Ga.) (8 Ga.)
S B
§5 ° o o =)
© Y . . . < . c . c
N £=5 = = ™ o = o Sy o
» ZiE- O o (9} W 9] w 0 [rvi
Maximum _Fill Above Top of Pipe
12" 12" 83 90
15" 12” 67 73 93
18" 12" 55 67 70
24" 12" 36 40 47 57
30" 12" 31 35 40 50
36" 12” 20 30 35 40
42" 12" 26 59 29 54 35 58
48" 12" 24 48 25 50 26 52
54" 12 23 45 24 48 25 50
60" 12" 23 46 23 48
56" 127 NOTE: WITH METHOD ”"B” INSTALLATION 20 40 23 46
72" 12” FILL HEIGHTS MAY BE INCREASED 18 30 22 40
78" 127 BY 50% OF TABLE VALUES \ 22 30
84" 12" ] 22 25
See Roadway Standards, Std. No. 300.02
»
5~ 6
CORRUGATED STEEL PIPE ARCHES - HEIGHT OF FILL LIMITATIONS
PIPE ARCH MINIMUM  COVER| MINIMUM MAXIMUM FILL TOP OF PIPE
DIMENSION BELOW SUBGRAD THICKNESS (1) FOR CORNER BEARING
PRESSURE IN TONSAQ. FT.
Inches Inches 2 Tons 3 Tons
17 X 13 18” 0.064" 16 23
21X 15 18" 0.064" 15 22
24 X 18 18" 0.064" 13 19
28 X 20 18" 0.064" 12 18
35 X 24 18" 0.079” 11 17
42 X 29 18” 0.079" 10 15
49 X 33 18" 0.109” 10 14
57 X 38 18" 0.109” 10 14
64 X 43 18" 0.109” 10 14
71 X 47 18" 0.138" 10 15
77 X 52 18" 0.168" 10 15
83 X 57 18" 0.168" 9 14

Heavier geges may be used where required for abrasion, corrosion or other factors, but not for additional fill
on arches as corner pressures govern amount of fill.

REV. DATE 528R93



APPENDIX H
SHEET 2 OF 11

ROADWAY DESIGN MANUAL PART 1
TABLES 7 & 7A
CORRUGATED ALUMINUM PIPE 5 - 7
3" X 17 CORRUGATION
MAXIMUM HEIGHT OF COVER LIMITS IN FEET
THICKNESS IN INCH
SIZE AREA  [MINIMUM CHES
COVER 075 105 135 164
CR. EL. CR. EL. CIR. EL. CR. EL
3% 73 ] 74 37 27 51 30 61 34 %8
£2 9.6 1 23 44 25 5] 27 55
48 126 1 21 38 22 45 24 48
54 15.9 1 20 34 21 42 22 44
60 19.6 1 19 31 20 30 20 4
66 23.8 1 18 28 19 38 19 39
72 283 7 18 25 18 37 19 38
78 33.0 1 18 23 18 31 18 37
84 38.0 1.5 17 19 18 25 18 3
90 44.0 1.5 15 17 20 18 25
96 50.0 1.5 12 16 17 2
102 57.0 2 14 17
108 64.0 2 n 4
4 7.0 2 12
120 78.0 2 10
SEE ROADWAY STANDARDS, STANDARD NO. 300.02
CORRUGATED STEEL PIPE — HEIGHT OF FILL LIMITATIONS '
3”7 X 1" CORRUGATIONS 5 -7A
RIVETED, WELDED, OR HELICAL FABRICATION
0.079" 0109” 0.138" 0.168"
SIZE MINIMUM  FILL [14_GAGE) (12 GAGE) (10_GAGE) (8 GAGE)
OVER TOP
CIR. EL. CIR. EL. CR. EL, CIR. EL.
36 1 47 60 58 88 70 106 82 118
7 1 i 76 51 91 59 101
48 1 3% 56 41 80 46 88
54 1 31 59 35 71 38 76
60 1 28 58 3 62 33 66
66 1 26 48 30 58 2 64
72 1 25 44 28 56 30 60
78 1 24 41 26 52 28 56
84 15 0 36 24 46 28 56
90 15 20 33 22 43 26 53
96 15 17 31 20 40 25 49
102 2.0 19 38 23 46
108 2.0 18 35 21 42
T4 2.0 16 32 19 38
120 20 15 29 18 36

Note: With method “B” installation, fill heights may be increased by 50%.
See Roadway Standards, Std. No. 300.02

REV. DATE 52893



APPENDIX H
SHEET 3 OF 11

ROADWAY DESIGN MANUAL PART 1
TABLES 8§ & 9
5 - 8
CORRUGATED STEEL PIPE ARCHES - HEIGHT OF FILL LIMITATIONS
3” X 1" CORRUGATION
RIVETED, WELDED, OR HELICAL FABRICATION
Equiv. Pipe Arch Minimum Minimum Maximum  Fill Above Top of Pipe
Pipe Dimension Cover Gage for Corner Pressure in Tonsisq. f.
Dia
inches Inches 2 tons 3 tons
36 40 x 31 12 14(.079) 14 21
42 46 x 36 12 12{.109) 14 21
48 53 x 41 12 12(.109) 14 2
54 60 x 46 12 12(.109) 14 21
40 66 x 51 12 12(.109) 14 21
66 73 x 55 12 12(.109) 19 28
72 81 x 59 12 12(.109} 17 26
78 87 x 63 12 12{.109) 16 24
84 95 x 67 12 12(.109) 15 22
90 103 x 71 18 12{.109) 13 20
96 N2 x75 18 12(.109) 13 18
102 N7 x79 18 10(.138) 12 18
108 128 x 83 24 10{.138) 11 16
114 137 x 87 24 10{.138) 10 - i5
120 142 x 91 24 10(.138) 10 15

Heavier gages may be used where required for durability or other factors,but not for additional fill,as corner pressures
govern amount of fill.

5-9
CORRUGATED ALUMINUM PIPE
2" x%&" or 2-2/3" x%" Corrugations — Riveted, Welded, or Helical Fabrication
-3 0.060” 0.079" 0.109" 0.138" 0.168"
£,a (16 Ga) 14 Ga) 12 Gal) (10 Ga.) 8 Ga.)
£35S % S % % 5
° 294 } c . c . c . < . c
N z==o0 = 2 = o .= o = ) = Lo
» Tl ¢ ] O v ] w 9} @ ) e
Inches Maximum _Fill Above Top of Pipe
12”7 127 43 45 77
18” 127 30 30 43 50 57
24" 127 22 30 34 37
30" 127 18 25 27 29
36" 127 23 24 25
42" 127 25 23 42 23 46 23 46
48" 127 21 29 22 37 22 44
54" 127 20 21 26 22 31
60”7 127 15 19 19 22 24
66" 127 14 14 17 17
72" 12" 13 13

With Method “B” installation increase fill heights allowable by 33%

REV. DATE 52893



APPENDIX H
SHEET 4 OF 11

ROADWAY DESIGN MANUAL PART 1
TABLE 10
CORRUGATED ALUMINUM PIPE ARCHES 5-10
2" x« " or 2-12” x« " Corrugations — Riveted or Helical Fabrication
PIPE ARCH CORNER MINIMUM  COVER MINIMUM MAXIMUM FILL TOP OF PIPE
DIMENSION RADIUS BELOW SUBGRADE | THICKNESS () | FOR CORNER BEARING
PRESSURE IN TONSSQ. FT.
Inches Inches Inches 2 Tons 3 Tons
18 x 11 4-4 18" 0.060" 16 23
22 x13 4-3/4 18 0.060” 15 22
25 x 16 4-12 18" 0.075" 13 19
29 x 18 4-12 18" 0.075” 12 18
36 x 22 5 18" 0.075" 11 17
43 x 27 5-12 18” 0.105" 10 15
50 x 31 6 18" 0.105” 10 14
58 x 36 7 18" 0.135" 10 14
65 x 40 8 18” 0.135" 10 15
72 x 44 9 18” 0.164" 10 15

Heavier geges may be used where required for abrasion, corrosion or other factors, but not for additional fill
on arches as corner pressures govemn amount of fill.

REV. DATE 528483
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STRUCTURAL FLATE STEEL FIPE
6" x 2" Corrugations — Bolted Fabrications Maximum  Fill Heighls Ovar Tep of Pipe

g 0,138 0,168 0,188 0.8 0.249" 250 .y
9 % 12 GAGE W GAGE & GAGE ? GAGE 5 GAGE 2 GAGE 1 GASE ' 1 GAGE

= $$§ 5 Bolls|E Bolis
m am — m m m m m m ] m m
-4 o o & o o o O o o
mEAL o = o z o o 0 g fa} i o z fa} z z =
= o = ot = gt = &l - o = (7] = 1] £ 5]
o | v | 4z 4z | & 4% | st 2 S S T o5 | 1z2 [ 1woe | 144 | 184 | 220
s | 12v 1 2 g | a9 58 | a0 74 ¢4 | as 2| 102 st | 120 21 | 130 | 1ee | 19e
72 iz | as 35 | 22 51 s0 | &7 sz | 77 | 5% %3 45 | wa o ne | s | a
78 iz | o= | s ay 44 | o2 4 | 7 51 a3 55 | 100 an | we | 142 | 159
gd | 12v | 0 | 20 | a5 44 % | 57 4 b | 45 75 49 | 95 20| we [ a | 145
e | o1z | o3& | e | a2 a0 | a5 | = 7 | & 41 72 42 | a4 45 o | re2 | 1e3
g5 | 12v | 26 | 24 | =i 38 32 | 50 34 | 52 | 2 70 s | 78 41 gz | us | 124
102 247 29 36 31 47 32 54 34 45 36 2 36 5 07 s
1G4 24" 27 iE | 29 45 ] ol 32 62 34 &R a5 it 1602 nz
14 g4 24 a3 | 28 | 42 29 4 | = 58 37 | &3 34 45 ga | 107
120 247 25 a1 27 40 25 b e a4 34 .17} 3 47 e 104
126 | 24 26 | a¥ 6 | 44 | 27 52 29 | 5B a0 5§ gs | 100
132 24 25 | =& 25 | 42 | 28 50 ® | 56 9 53 | B3 | 9e
T 24 | 34 a5 | z¢ | 28 15 7 | 54 28 55 79 | 04
Y4 | owg 24 | =3 25 | 38 | 25 44 26 | 52 a7 54 74 b2
154 24" 23 | @ 23 | as | 24 43 25 | 30 28 52 70 85
168 | a4 23 | 24 23 | 33 | I3 40 24 | 47 25 50 45 75
wo | s 27 27 e 23 37 73 | 44 24 48 | 4 73
192 24 22 25 22 | z¢ | 22 25 23 | o4 23 45 | a7 49
204 | aén 72 2z | ez | 27 | =2 33 aw [ a9 23 42 1 54} &5
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STRUCTTRAL PLATE STEEL PIPE ARCHES

§"'x2" Corrugation

18" Corner Radius

APPENDIX H
SHEET 6 OF 11

Span Rise Lrea Minimum Mirimum Moximum 111 Height (f%.
Cover Came for Corner Pressure
100 17767 6700 1b/f%
611" 7" 22 2" 12 16 2!
61l brog 2l 2! r 12 15 2
6!-9" broqin 26 2! 12 1] ”i
71" 51-1" 28 2! 12 ; 2
7|_3n 51'_311 v 31 21 2 %:; 36
’]1 __8!1 51_5" ) 33 2! 12 12 19
et I o IS B3
- - , 2 12 2
grogn 5r-11" 4o 2! i %1 %g
g1-10" 6ro1" 43 -2 ie 1 16
g 53 % 2! 12 10 16
1_ 1_gn %] ! .
g|_;n 6'—'?” 5 g, %,2\ 10 15
10|—3" 6'-9" 35 3! ]_E) 10 15
101-8" 61-11" 58 3 10 3 ig
107-11" -] 6 3! } :
111-5" ;'—%” gi -3" ig 2 2
137" 7'-5" 67 3' 10 : 2
it | 1 3 10 : ?
120-4" 7'-9" 7h 3! 3 : r
-6 | 7-ne 78 3 8 : £
1or_a 811t 51 3! 3 7 2
12'-10" | grehn 85 3! : L u
131-5" gr-s5n 89 3 3 % lT
131-11" | 37 93 3 : ; x
14y gr_g" 97 4 9 7 10
1yro3n 81-11" 101 b E ¢ 7
14 '-10" 9‘-1" 105 4 é S %_O
154 | orge 109 b : Z 0
15! 6" 9'-5" 113 i : é 8
151-3" 97" 118 r 3 p :
15'-10" | 9r-10" 122 b 3 g :
151-5" 9'-11" 126 Ly 3 6 ;
18- | 1001 131 b : - i




STRUCTURAL, PLATE STEEL PIFr ARCHES

E"x2" Corrugation
21" Cormer Radius

APPENDIX H
SHEET 7 OF 11

3pan Rise Area Minimum Minimum Maximum 111 Height (ft)
~Cover Gage for Cormer Pressure
: - 500N 1b/£62 6000 1b/fE2
137-3" gr-yn a7 i 5 12 19
137-¢" gr-g" 102 4t 8 12 19
14 18" 10 i 8
114'—g” g'—lO" 103 L 8 %g %g
14151 10'-o" 114 b R 11 17
1hr_a1n 1or-2" N8 hr 8 11 17
157-4n 101-4m 123 Iy R 11 15
15 1 _7n 10 —6" 127 4 8 10 1 6
151-10" | 100-8" 132 yr 8 10 16
16'-3" 10'-10" 137 b 8 10 15
C16T-E" 11'-o" 142 yr 8§ 10 15
i7r-o" 112" 146 g 83 10 15
171-2" 1174 151 yr 8 9 1L
171-5" 11'-6" 157 L 3 9 . 1k
17'-11" 11'-8"' 121 ﬁ' F 9 T 14
3= 110" 1 ! $ 1
ig'—?" 121__011 17; qv 8 g ]—.134
18'—3" 12'—2" 177 ur 8 C) 13
197-3" 1204 182 L 3 8 1§
1916 121-6" 183 it 5 B 13
191" 1218t 194 b 8 8 12
19r-11" -12v=10" 200 yr 3 8 12
2Q1=5" 13'-0" 205 b 8 g 11
201" 132" 211 HY 9 8 11

93



STRUCTIRAL PLATE ALUMINUM PITE ARCH

a'"x2 1/2" Corrugations
28.8 Corner Radius

APPENDIX H
SHEET 8 OF 11

Span ‘Rise -Ares Minimum Minimum Maximm fill Height (ft)
Cover Thickness for Corner_Pressure
4000 1b/£tS 6000 1b/fte
51_1111 51_L‘1u 25 21 0.100" 2U 32*
6r-8" gr-7" 29 2! 0.100" 22 29%
7T 5r-11" 3l 2! 0.100" 20 26%
gr-o" gr-2" 39 2! 0.100" 18 24%
81_7" 6!_6" qs 2! 0.100" 17 22*
9'—0" 6!_8" )48 2( 0.100" 15 21*
gr_yn gr-10" 50 2! 0.125" 17 20
10"-0" 71" 56 3 6.125" 16 19
10t-5" 7r-3" 60 3! 0.125" 15 18
11-2" 7'-6" 66 3! 9.125" 14 17
11'-8" 7'-10" 73 3! 0.125" 13 16
112" gr-o" 76 3! 0.150" 13 19
121-10" gr-3" 83 3! 2.150" 12 18
13'-7" 8r-7" 91 3 0.150" 11 17
14t-3" gr-10" 98 iy 0.150" 11 16
14" gr-2" 107 b 0.150" 10 16
15'-3" gr-.ym 111 4 0.150" 1n 15
16t-0" gr-7" 119 b 0.150" 1n 14
167-8" gr.11" 128 hr 0.150" aQ 12
16'-11" 10— 132 byt 0.150" a 12

¥ (0.125" Minimum Thickness Required

80 ¢



STRUCTURAL PLATE ALUMINUM PTPE
9"x2 1/2" Corrugation
Maximum Height of Cover Limits in Feet

Size |Area {Minimum
Cover Thickness in Inches
0.10 0.125 0.15 0.175 0.20 0.225 0.25

Cir. El.| Cir. El.| Cir. El. | Cir. ElL.| Cir. El.} Cir. El.| Ccir. E1
72 28 1!t 24 26 32 28 41 30 48 32 55 34 61 36 66
84 38 1.57 20 23 27 24 35 25 41 26 47 28 52 29 57
96 50 1.5 18 21 24 22 30 22 36 23 43 24 45 25 50
108 64 2! 19 21 20 27 21 32 21 37 22 4o 22 an
120 78 2! 19 19 19 24 20 29 20 33 20 36 21 4o
132 g5 21 18 22 19 26 19 30 19 33 20 WK
144 113 2.5 18 20 18 24 19 27 19 30 19 33
156 133 2.5 18 18 18 22 18 25 18 28 19 30
168 154 2.5 17 18 20 18 23 18 26 18 28
160 177 2.5 16 17 19 18 22 18 24 18 26

bl 40 6 133HS
H XION3ddY



APPENDIX H
SHEET 10 OF 11

CORRUGATED ALUMTNUM PIPE
3"x1" Corrugation
Maxirmum Height of Cover Limits in Feet

Size Area Minimum Thickness in Inches
Cover .07 .105 L1385 164
.- Cir. . "E1. Cir. . El. Cir. rl. Cir..
36 1 24 37 27 . 51 3N 61 34
4o 1 23 by 25 51 27 55
48 1 21 38 22 45 24 48
54 1 20 34 21 42 22 4y
60 1 19 31 20 4o 20 n
66 1 18 28 19 8 19 39
72 1 18 25 18 37 19 38
78 1 18 23 18 31 18 37
84 1.5 17 19 18 25 18 31
90 1.5 15 17 20 18 25
96 1.5 12 16 17 21
102 | 587 2 14 17
108 64 2 11 14
114 1 2 13
120 78 2 1




APPENDIX H

SHEET 11 OF 11

ROADWAY DESIGN MANUAL PART 1

MASONRY DRAINAGE STRUCTURES QUANTITY - VOLUME BASIS  5-2D

Any masonry drainage structure which incorporates an opening
tor circular pipe exceeding 48 inches in diameter, or for pipe
arch of any size, will be measured and paid for on a volume
basis. The quantity of masonry to be paid for will be the number
of cubic yards of cast-in-place concrete, brick, or precast
masonry which has been incorporated into the structure. These
quantities are provided in the Roadway Standard Drawings Manual.

MINIMUM PIPE CLEARANCE
REQUIREMENT FROM INVERT TO SUBGRADE 5-3

- CLEARANCE DISTANCE

Piginsize R.(Cé‘PiQe C.(Sé‘PiQe

15 2.4 2.3
18 2.7 2.6
24 3.3 3.1
30 3.8 3.6
36 4.3 4.1
42 4.9 4.6
48 5.4 5.1
54 6.0 5.6
60 6.5 6.1
66 7.0 6.6
72 7.6 7.1

NOTE: This is a minimum desirable clearance and can be
reduced with Special Structural and/or Installation
Provisions.

MAXIMUM ALLOWABLE FILL HEIGHTS -

OVER REINFORCED CONCRETE PIPE 5-4
Class III All sizes 23 Ft.
Class IV All sizes 32 Ft.

Class IV with Method B
installation All sizes 60 Ft.

Class V with Method B All sizes 90 Ft.
installation

Use material thickness on all pipe except structural plate
pipe. Use gage for structural plate pipe and on all pipe arches.
Use Method "B" for R.C. Pipes under fills greater than 32 feet.

REV. DATE 3/27/87



INLET COMPUTATION SHEET APPENDIX | 1of7
DATE: SHEET OF
1.D. NO. PROJ. NO.: COUNTY: DESIGNED BY:
DESCRIPTION: REACH: CHECKED BY:
LOCATION ROADWAY RUNOFF INLET
. zZ w > w . Jwx L -
o z o w 0 O wow OFE o< | oy O a) a8 0
z O = o |2d|lzsg|5k]|09]| g |53 |<E| & ® 2
s | 5| 5 |5 |g8|2R e es| B8 |za|aE|nE| B 5| & | e
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STORM DRAIN DESIGN COMPUTATIONS APPENDIX | 20f7
DATE: [ SEE ALSO HYDRAULIC GRADE LINE SHEETS ] SHEET __ OF
1.D. NO. PROJ. NO. COUNTY: DESIGNED BY:
DESCRIPTION: CHECKED BY:
LOCATION RUNOFF PIPE DESIGN
. >
;| @
TIME OF Yy ]
FrRoMm | TO CONCENTRATION w =
min. ul =
pd )
£ o
L
L w _ g
CUM = = E z 2
DES./ | DES/ | sumlpipEl] F | F = INT | DISCH. sLope| pia. |Z| cap. [ veL. |4
CONST.|consT. D{ﬁ' ca |l @ | b | 2 6 |lignmn| octs) | ™Y [ ™V e | in E cfs s | O [REMARKS
[7p] o
z | o L = 53




APPENDIX | SHEET30F7
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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/Inx AxR 2% | 1.486/nx A xR
(Inch) (sq. ft) (feet) (n =0.012) (n=0.024)

8 0.349 0.167 13.1 6.5

10 0.545 0.208 23.7 11.9
12 0.785 0.250 38.6 19.3
15 1.207 0.313 70.0 35.0
18 1.767 0.375 113.8 56.9
21 2405 0.438 1717 85.8
24 3.142 0.500 2451 1225
27 3.976 0.563 335.5 167.8
30 4.909 0.625 4444 2222
33 5.940 0.688 572.9 286.5
36 7.069 0.750 722.6 361.3
42 9.621 0.875 1090 545.0
48 12.566 1.000 1556 7781
54 15.904 1.125 2130 1065
60 19.635 1.250 2821 1411
66 23.758 1.375 3638 1819
72 28.274 1,500 4588 2294
78 33.183 1.625 5680 2840
84 38.485 1.750 6921 3460
90 44179 1.875 8319 4159
96 50.265 2.000 9881 4940

102 56.745 2125 11615 5807

108 63.617 2.250 13527 6763

114 70.882 2375 15625 7812

120 78.540 2.500 17915 8958

126 86.590 2.625 20404 10202

132 95.033 2.750 23099 11550

138 103.869 2.875 26006 13003

144 113.097 3.000 29132 14566
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STORM DRAIN PIPE

MAXIMUM CAPACITY TABLE

(1) PIPE SIZE () MAXIMUM CAPACITY
127 6
15" 9
18” 13
247 25
307 43
36” o4
427 90
48 120
4" 160
60” 200
66" 250

() CONCRETE PIPE
(2 CAPACITY (cfs) BASED ON INLET CONTROL
FOR MAXIMUM DEPTH IN STANDARD CATCH BASIN

6/90
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DATE: SHEET OF
ID NO. PROJECT: COUNTY: DESIGNED BY:
DESCRIPTION: CHECKED BY:
OUTLET INLET
J:JNI\II_E'IT c|)\|F(; W.S. Do Qo Lo HEAD LOSSES W.S. ET:E'\C/ REMARKS
' ' ELEV. ELEV. '

DES. / CONST. Hs Hc He Hy H,
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V' DITCH WITH GRASS
6:1 SIDE SLOPES

For ditch with side slopes other than 6:1
multiply the discharge by a factor 6/Z,
where Z is side slope

STABILITY LIMIT

Lateral Ditch
——ee i
Roadway Ditch
Q————U
- o B~ @ 0
=238 s = S =2
14 Qv e < — < =
EXAMPLE: waus i
Q = 4 cfs f ! T 4
$ = 0.06 % 8 A
Lat. dicch,Z = 3 I - 4 I
12 1) Adjus¢t C : 1
(4)6/5-: 8 cfs ydn AT
23 From chart: ] ]
V = 4.4 fps I A e Il
(l = 0.55 f¢ 'l lI ,/ 1/
10 3) Ditch is stable » I ll - 4
- 7
o I’/ I // 1 1 ',
S ’ )
J) ] 4
B . y EmEy
s 8 y rimm
= -
.2 / ] J
p.
A g rass Rl :
Nifd Ji y »
6 r A P
f P y o
I »
O I 7 [
N L y,
4 A - f J .
<514
] 3 1 /, L/
2
1 2 3 4 5 6 7

Velocity, fps

CHART 1
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2FT.BASE DITCH WITH GRASS
2:1 SIDE SLOPES

For a 3 ft. base ditch, multiply discharge by 0.7
For a4 ft. base ditch, multiply discharge by 0.6

STABILITY LIMIT
—g g'E i} (g [e'®) o
=2 s 2 < =] —
18 Qv Io 'c @/ 7;
i ; i
4 : : LS /nl
7 1 l, -/ 1 \A.!
16 f vauy >
1 ’1 V
194
f 7 1 A
/ ;i &
14 // J s
= (I f J1 1A /i
e II /// //
QTS / s ]
453; D '/ 415 ; ///[
PYEscesesy A
p— as. 5
.g . /// / 1p y
a 4 v ] ’ 1 |
10 / Z o EXAMPLE ¢
4 P4
® a8 f / Q = 26 cfs
BriaErs f S =004 %
A e 4 base
s / - D Adjust Q:
8 / / (26)0.6 = 15.6 cfs
f A/ 2) From chart:
: / V = 46 fps
3 d=09 fc
6 f s [' 3) Di¢ch is not stable
2 3 4 5 6 = 4

Velocity, fps

CHART 2
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V' DITCH WITH RIP RAP
2:1 SIDE SLOPES

For ditch with side slopes other than 2:1
multiply the discharge by a factor 2/Z,
where Z is side slope

STABILITY LIMIT

USC Base
. : Ditch or
With A’ Stone| 'B’ Stone Rigid Pav:
f3 &
~ ~
E2 S8 S g S =
14 v o = < < <
EXAMPLE: j f 4 /
Q = 12 ofs | g paanns
—_ Y
S -0.10 % R
- : i A :
i2 1) Adjusi Q: II 4 f
(i2)2/3=8 fs [} f i
2) From chart: i Ji A
YV = 6.6 fps f /// I/ f
d=0.8 fe. i /
10 |3 Ditch is stable e /
- with 'B” Stone 7 y
ey i i f a A r
) 4 1A
Py 7
8O 3 / 7 ] 7 4 7
5 8 e
— I/ “ ALY
@ AT
- I 7 T4 /
A , : Aty
> 7 7 y 7
2 A 4
7/ \ /
y 4 (/
4 y,
4 7 7 A
A 7 P /[ . iy =
7 7T
7 7 v
Vi 4 Y
2 / Z & g
2 3 4 5 6 7 8

Velocity, fps

CHART 3
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2FT.BASEDITCH
WITH RIPRAP LINING

2:1 SIDE SLOPES

For a 3 ft. base ditch, multiply by 0.7
For a4 ft. base ditch multiply by 0.6

STABILITY LIMIT

CL°'T I Use Pipe or
Wich B’ Stone |Rip Rap Rigid Paving

-~ ¢ E
sEsx sz |z | s
QNS = == <
34 EXAMPLE * § 1. / ,
Q = 30 cofs fr ,
S=0.10 % PEEREEREAI) i f
3’ base i : t
320 1) Adjust Q : s T/ 7 f
G0)0.7 = 21 cfs f
2) From char¢: 7
vV =75 fps l[
d=0.8 f¢ 7
26 3) Ditch is stable
w with Cl.°D’ / y
Eg‘ Rip Rap 7 . / n
<& 7
o0 / 7 7
z 22 / / - [
.z AD
A = / / &
= 7 7 7 ’ I
18 ~ /
i 7 7
» /
[ 4
i 7
Vi
14 yi 1 A
! y,
7 3 =
17 =
7 » p T »
/ f«
10 [zt / -
4 5 6 7 8 9

Velocity, fps

CHART 4
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SAMPLE PERMIT DRAWINGS

VICINITY MAP

M. ¢ DERT.OF TRANWNSPORTATION
DIVISION OF HIGHWAYS

COUNTY

PROJECT:

SHEET _1 oOF 2 L oLSM
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LEGEND
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SITE MAP

CITY LIMITS

_______

hhhhhh

. . DEPT.OF TRANSFORTATION
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COUNTY

PROJECT:
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NATURAL CHANNEL DESIGN TYPICALS
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EXISTING | REFEREMCE | PROPOSED
ITEM STREAM STREAM [ RELOCATION
STREAM NAME TRIE. RED BUD CK |TRIE. RED SUD CX+ TRIB, RED BUD Ck
DRAINAGE AREA  (DAd 43 ag S0 o 4% ac
CHAMMEL SLOPE 13 LT LG % Be
BANKFUL WIDTH (Wi & Tt Iy £+ 8 ft
MEAN DEPTH  {dy.p L3 fi Lft 10 f1
IEJ!;NECFUL ﬁ'.;[::ﬁ‘rmn ARE A 75 f12 62 F12 7.5 12
A a0 y
Maxtmom DEPTH i .0 o0 E >3 F+ 20 §+
NICTFH FIDCEEZFFME Ared & T+ w5 1 24 £+
ENTHENCHEI%I'F RATIC L0 2.7 30
CHANNEL MATERIALS:BS30 | 4 jnches 3.5 Inchas 4 [mehes
FHMUDSITY (B} L2 L& I
|MEANDERS:
AvE. LENGTH 33 ft 35 Tt 33 T+
AVG, AMPLITUCE e ft 4 it 15 Tt
AVG, RADIJS T 1t 8 ft 3 ft
MsCHARGE=S:
£ BAMEFIILL 20 ofs 24 ofs 20 cfs
1z 2 efs b gfs 21cts
QI 44 cfs i ofs a4 sfz
YELOCITY:
W BAWRFLILL Stfps 2.7 fps 2.6 fps
V2 3.4 fps 28 fps 2.7 s
Yio 4.4 fps 3.5 fps 3.4 fps
CLASSIFICATION G3 EZ E3

STREAM DESCRIPTION AND

CLASSIFICAT ION
SITE 4

DAT A

= Trlibuwtary at Ste 3

. . DEPT.QF
DIVISION

SHEET i oF

TRANSPORTATION

OF HIGEWAYE

COUMTY

PROJECT:

12

1521759
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FROGPERTY OWNER,
NAME AND ATUDRESS

DWHER'S NAME ADDRESS
(Exumplc}
Jehn Swith i~k Box 26201

Haleigh, NC 27611

N. C. DEPT.OF TRANSPORTATION
DIVISION OF HIGHWAYS

COUNTY

DPROIECT:

SHEET _1lOF _1 1521 F




IMPACT SUMMARY

WETLAND IMPACTS

SURFACE WATER IMPACTS

BUFFER IMPACTS

Mechanized Existing
Site Station Structure Fill In Temp. Fill | Excavation Clearing FilliIn SW | FillIn SW | Temp. Fill Channel Relocated | Enclosed Zone Zone
No. Size Wetlands |In Wetlands | In Wetlands | (Method Ill)| (Natural) (Pond) In SW Impacted Channel Channel 1 2
(From/To) (ha) (ha) (ha) (ha) (ha) (ha) (ha) (m) (m) (m) (ha) (ha)
1|30+35 30" PIPE 0.01 82 73
2|38+50 3@12'x9' BOX CULVERT 0.03 104 43 60
3/58+90 36" PIPE 0.08 0.02 0.05 239 207
4|85+55 42" PIPE 0.07 384 281 114
ITOTALS: 0.08 0 0 0.02 0.16 0 809 324 454 0
N.C. DEPT. OF TRANSPORTATION
DIVISION OF HIGHWAYS
COUNTY
PROJECT:
SHEET 12 OF 12 01/21/1999




APPENDIXM
Stream Relocation Guidelines
NOTE: These guidelines are for the piedmont and coastal regions. Wiile these guidelines are similar to the trout
county requirements, they do not replace the existing process for trout counties. This guidance 1s to be followed
prior to the permit process to facilitate that process and to minunize impacts

"Minor Relocations™ "Standard Relocations"

Applicable when: Applicable when:

- Less than 100 feet of total relocation is required ata | - Greater than 100 feet of total relocation is required at
given crossing (from the end of the structure, injuding | @ given crossing (from the end of the structure inlud-
headwalls), and no more than 50 feet is relocated on | 1N headwalls), Or more than 50 feet i refocated on

any one side (upstream or downstream) anv one side (upstream or downstreamn)
Technical guidelines: Technical guidelines:
-Relocation should be similar to original channel in -Relocation should be similar to original channel in
Width Width
Depth Depth
Gradient Gradient
Substrate Substrate .
-Bank vegetation should be re-established, but no For the following items, site specific requirements
specific planting regime is required will be determined through coordination with the

WRC field staff. These items will follow WRC's
established guidelines and will incorporate any
highway specific guidance jointly developed between
WRC, Hydraulics, and Roadside Environmental:

- Re-etablishment of bank vegetation with planting
regime required

- Meandeys and habitat structures (root wads, \;/ing
Co-ordination with WRC field staff: deflectors, etc.) approximating the original stream
-No coordination is required unless in High Quality
Waters(HQW), critical habitat(as mapped by WRC), | Co-ordination with WRC field staff:

or at locations involving Federal/State listed species. | -Coordinate the relocation with the appropriate WRC
Treat these cases as "Standard Relocations”. district fisheries biologist

Note: WRC coordination will be welcomed even on
"Minor"projects. ‘

General Guidance: Minimize instream activities during peak spawning periods (April-June)

- Schedule instream activitizs during periods of low flow as much as possible

- Use vegetation to stabilize streambank vs. riprap to the maximum extent practicable

- Minimize use of fertilizer adjacent to stream )

- Use native woody/shrub like species with small basal width within 25-30 ft. of the structure to reducé clog-
ging. Beyond that distance use native tree species.

- Itis preferred that bank vegetation be re-established prior to intreducing 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 proaciive effort by NCDOT and WRC minimize habitat impacts from highway projects
and to facilitaie communication and understanding ae the field level,
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STREAM CROSSING GUIDELINES

FOR ANADROMOUS FISH PASSAGE

Anadromcous Fish are a valuable resource and their migration
must not be adversely impacted. The purpose of this document
is to provide guidance to the North Carolina Department of
Transportation to ensure that replacement of existing and new
highway stream crossing structures will not impede the
movement of Anadromous Fish.

Applicable When:

(o}

Project is in the coastal plain defined by the
"Fall Line" as the approximate western limit
(see attached figure).

For perennial and intermittent streams delineated
on most recent USGS 7.5 minute quadrangle maps.

General Guidelines:

o

Technical

(o]

Design and scheduling of projects should avoid the
necessity of instream activities during the spring
migration period. For the purposes of these
guidelines "Spring" is considered to fall between
February 15 and June 15. (In areas where the
shortnose sturgeon may be present, the Cape Fear,
Brunswick and Waccamaw Rivers, spring shall be
defined as February 1 to June 15).

Bridges and other channel spanning structures
are preferred where practical.

Guidelines:

In all cases, the width, height and gradient of

the proposed opening shall be such as to pass

the average historical spring flow without

adversely altering flow velocity. Spring flow
should be determined from gage data if available.

In the absence of this data, bankfull flow can be
used as a comparative level. (Reference, "Fisheries
Handbook of Engineering Requirements and Biological
Criteria", Bell 1973, for fish swimming
limitations.)

The invert of culverts shall be set at least one
foot below the natural stream bed.
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Stream Crossing Guidelines
for Anadromous Fish Passage

Page -2-

Crossings of perennial streams serving watersheds
greater than one square mile shall provide a
minimum of four (4) feet of additional opening
width (measured at spring flow elevation) to allow
for terrestrial wildlife passage.

In stream footings for bridges will be set one foot
below the natural stream bed when practical.

For crossing sites which require permit review the following
information will be provided as a minimum to facilitate
resource agency review.

0

Plan and profile views showing the existing and
proposed crossing structures in relation to the
stream bank and bed.

Average historical spring flow (or bankfull flow)
for the site.

How the proposed structure will affect the velocity
and stage of the spring flow (bankfull).

Justification for any variance from the guideline
recommendations.
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GUIDELINESFOR 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 highwaysto aid in
containment and clean up of accidental spills. The determination of these strategic
locationsis based on concentrated truck usage areas such as; parking sites at rest
areas, weight stations, and runaway ramps, as well as for highway segmentsin close
proximity to particularly sensitive waters such as; outstanding resource waters and
water supply sources.

The strategy isto configure the highway segment of concern such that any
potential spill runoff would be directed through afacility (basin) where the flow could be
interrupted and temporarily stored to prevent hazardous materia from reaching a
receiving stream.

The use of these basins and other management practices to protect receiving
watersisin accordance to the general policies and criteria presented in the departments
document “Best Management Practices for Protection of Surface Waters’. The following
is additional specific guidance in the location and design of the basins:

APPLICABLE LOCATIONS

Basinswill be provided at stream crossings on highways
functionally classified asarural or urban arterials and,

The stream™ is identified as an Outstanding Resource
Water (ORW) or aWS-| watersupply, or

The stream™ crossing is within 1/2 mile of the critical
area? of awater supply source classified as WS-11, WS- I
and WS-IV.

Provision of basins at crossings of those streams on highways
functionally calssified as collectors and local streets and roads can
be evaluated on a site by site basis with consideration for:

traffic volume, traffic type, accident potential related to the highway
geometrics, receiving water quality, and the feasibility of basin
construction at the site.
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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 e evation of
areservoir; or 1/2 mile upstream of , and draining to an intake. Thiswould
make the effective area for hazardous spill basins placement, within 1.0 mile of
the normal pool or upstream of an intake.

DESIGN REQUIREMENTS

The volume of spill containment storage provided will be
approximately 10,000 gallons plus the estimated runoff volume
from arainfall intensity equating to atwo year return period
event.

A meanswill be provided such that the normal free flow of
runoff at the basin outlet can be interrupted to cause containment
of hazardous runoff. This can be accomplished by providing a
mechanical control gate or by constructing a minimum control
section in the outlet channel that could be readily blocked by such
simple mean as shoveled earth material or stacked bags.

The mechanical gate alternative will generally be utilized in areas
where normal operational activities would allow close scrutiny
and control, reducing the potential for problems with vandalism.
Examples would be rest areas, weight stations and within
controlled access.
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